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Section 1 

Title: 
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Measurement procedure on DC-HSUPA 

x.x.x 

Discussion and decision 

1 Introduction 

UT09-1365 

RAN2#67bis meetingOilAi [l]OI baseline 0 £. �'21.!i.l�q. 01 baselineOilA-1,Network 01 � UEOJIAi Ar%£!:= 

¥- 7H£1 FrequencyOil CH� intra-frequency measurement� configuration W ITfl, orLr£1 Measurement ID� 

Primary 2.r Secondary carrier7r �if-WAI -& ::: 2-1"2-1"£1 carrier □rq o!-Lr£1 Measurement ID� A!--§WJ::I := 

Or� ��.!i.lJ::I PJ;:tq. EE�, Network7r CELL_PCH�EHOJIAi CELL Update Confirm OJIAIJ::1£ UE£1 

Primary.2.r Secondary Carrier� Configuration W ITfl, UE7r Oj �7il Secondary carrier£! measurement results� 

network0Jl 7il � 2:j-9-� J::I OJI � � 3:! o I i=-£1 £1 J::I e.J S1 q. 

[[r21-A·t 01 �Ai OJI Ai� Lil E ¥-j3.7r dual cell operation� Aj--§o!-� UE� �I or OJ measurement ID� Oj � 7il 

Aj--§� ;;q � defineoj-_jl, UE7r CELL_PCH state OJIAi£1 SIB 11 -&::'. SIB12 =?{:!Al£! Oj �7il %�oj-_jl, 

UE7r CELL_pCH �EH OJI Ai Oj � 7il secondary carrier£! measurement results� l.:JI E ¥-j3.0Jl7il � �WJ::I OJI 

CHorOJ i=-£lo!-_j1Af- �q. 

2 Discussion 

2.1 The number of Measurement Identity 

Normally, one intra-frequency measurement identity corresponds to one intra-frequency event. So, in order 
to allow two intra-frequency events, two intra-frequency measurement identities are needed. It means that 
two MEASUREMENT CONTROL messages should be sent in DC-HSUP A (because one measurement 
identity corresponds to a MEASUREMENT CONTROL message). 

Sending two MEASUREMENT CONTROL messages in DC-HSUP A has a good aspect that it provides 
measurement configuration flexibility to network. However, considering that the number of measurement 
identity is limited, it would be preferable to use only one measurement identity for both carriers. Since the 
geography of primary E-DCH serving cell is same as that of secondary E-DCH serving cell, it is expected 
that the measurement objects or measurement quantity per carrier would be almost same, so it might be 
enough to have same measurement identity for both carriers. 

Proposal 1: It is asked to discuss how many measurement identities should be used for intra-frequency 
measurement of dual carriers. 

From our point of view, only one measurement identity is sufficient. 

2.2 Intra-frequency measurement system information 

RRC Baseline CR£ � '2!-8 [I]OJI [Cj- 2 12:!, UE71- � �ol-� Measurement Report£! intra-frequency cell info list IE 

LHOJI -9-lir-=? �.!i!.71- "?71- £1�q. 01 � Network.2.t UEAI-OIOJI Measurement configuration .A.I, Oj!f! carrier 
(Primary carrier/secondary carrier)OII �� 3:! '2.!XI � T�ol-71 ¥1oHAi DI q. Dl.2.1- □l-�_!-71-;,;;:1£ Measurement 

Control messageLH ¥£1 intra-frequency measurement reporting criteria Lff OJI.£ -9-lir-=? � ..S:!.7 r "? 7 r £121. q. 
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or},1 '2.t, B 1/J. LH Ofl .A.1 Ar-§� measurement control � .!i!. �  w 2g s �  SIB 1 1  � ::'.  SIB 12 7 r  frequency info � 
.:!t.gj-ol- � 7'1 0fl cH B  OJ ¥ � or� �£1 5:.1 7'1 PJ� q. 
SIB l l  ::'. CellLH Ofl £� UE71- 4='{:1 5:.I �  �0 I.!::!.£, oll 'a Cell LH Ofl Dual cell operation� ?� ol- �  UE�'2.t 
0j- Lj 2.r Single cell operation� ?�or� UE..':c. � ::'. SIB l l  � * {:.! B q. -=:J. � C-jl , Dual Cell Operation� 
*� ol- � UE2.r � �21 Single Cell Operation� 4='� 01- � UE� frequency � .!i!.7 r  W.H. filq. [[j-2.I-A-j 
L:11 E -9=j .3.7r  intra-frequency measurement� -9-l ol- Oj SIB l l  Ofl oH 'a frequency� .!i!. �  ,£gJ-oH 0t  ol- � J::I Ofl CH "oH 
�£1 � W.H.71- S:l_ q. 

Proposal 2:  SIBl l  should contain the IE "frequency info". 

2 . 3 Measured Results on RACH for i ntra-freq uency measu rement 

RRC Baseline CR£ � '2.! -@  [ l ]Ofl [[r 2 '2:!, network::'. RB control message � 0I-Ll 2.r CELL Update Confirm� 
�ol- Oj A-j £  Dual Cell� supporting ol � UEOfl .7-ll � frequency� Configuration ol- � � 0I  7 1-� oj-q. -=:J. � C-jl , 
01 � -9-loH A-j � Dual Cell� supportingol- � Cell_FCH {:tEH £1 UE � Cell_DCH {:tEH £1 UE2.r □rtJ-71-AI .£ � 
frequencyOfl CH B measurement result� � -;;oH 0t  B q. 
Proposal 3: The lJE in CELL_PCH state should report measurement results on two frequencies to network. 

Cell_PCH {:t EHQI UE7 j- measurement result� � -;;- %t' ITH Ofl � Measured Results on RACH IE� Measurement 
ReportOfl ±t,gl-.A.1 7':l � �B q  . .:::l� C-U , -�fAH .H.�Ofl [[r 2 '2:! Measured Results on RACH IEOfl � frequency 
� .!i!.71- ±t.gj-5:.I J::I PJ � q. [[j-2.j-A-j , � frequencyOfl CH B measurement result� -=jl�oj-7 1  -9-loH Measured 
Results on RACH IEOfl frequency � .!i!. 7 r ±t. gj-5:.I 0, 0 � B q. 
Proposal 4: Frequency information should be included in Measured Results on RACH IE. 

Measured Results on RACH IE � -±I CH B ::st::'. message� � -;;-ol- OJ 0 t  B q. � OJI AI J::I � CCCH OJI .A.1 7'1 £  
� -;;-%t' =? S:1. 0 0:I ,  0 I � Size restrictol-7 1  ITHgOfl ,  -±I CH B ::st ::'.  Size£ � -;;oj-Oj 0� B q. 7 1 �  intra­
frequency measurement � -±I CH "Maximum number of reported cells on RACH" 7H 4=''2.t-a-QI Cell� measureoj-Oj 
W 2� � q. Secondary carrierOfl CH ol-Oj -±I CH 'l! 7H £1 cell� measure oil O t ol-� 7'1 � 'ct 0 I-S:.l � 0 I -=rr- 0 I q. 

1 .  Primary2j- it0 I  Maximum number ofreported cells on RACH 7H4='QJ cell � measureoj-Oj � 2� � q. 
2. L:11 E -9=13.7j- 'r:! J::7 Secondary carrierOfl CH B Threshold ,..t � � q. 
I )  D I-¥-, Secondary frequencyOfJ � 'a@ CELL� � measureol-Oj -=i measure@ � D I  L:11 E -9=j3.£1,:! E7 4='{:.! 

'2:!'::'. Threshold � �i!.fol-'2:! ,  threshold � �i!.I-B CELLOfl [H oj- Oj Frequency.2.1- measurement �i!.I-� 
� 2:j � q.  off 'a measurement �i!.I- � Ee/No � 0 £ � 2:j 2 q. 

3 Conclusion 

We would like to suggest following proposals with appendix in the section 4: 
Proposal 1: It is asked to discuss how many measurement identities should be used for intra-frequency 
measurement of dual carriers. 
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Proposal 2: SIBU should contain the IE "frequency info". 

Proposal 3: The UE in CELL_PCH state should report measurement results on two frequencies to network. 

Proposal 4: Frequency information should be included in Measured Results on RACH IE. 

4 Appendix 

8. 1 . 1 .6 . 1 1 System Information Block type 1 1  

If the cell is not operating in MBSFN mode according to subclause 8.1.1.6.3 the UE should store all relevant IEs 
included in this system information block If the cell is not operating in MBSFN mode according to subclause 8 .1.1.6.3 
the UE shall: 

l> if in idle mode: 

2> clear the variable MEASUREMENT IDENTITY. 

l> if IE "FACH measurement occasion info" is included: 

2> act as specified in subclause 8 .6.7. 

l> else: 

2> may perform inter-frequency/inter-RAT measurements or inter-frequency/inter-RAT cell re-selection 
evaluation, if the UE capabilities permit such measurements while simultaneously receiving the S-CCPCH of 
the serving cell. 

1> clear the variable CELL_INFO LIST; 

l> act upon the received IE "Intra-frequency cell info list"/"Inter-frequency cell info list"/"Inter-RAT cell info list" 
as described in subclause 8.6.7.3 ; 

I >  if the IE "Inter-frequency RACH reporting information" is included in the system information block: 

2> read the IE and use that information for the inter-frequency measurements as specified in subclause 8.5.23 . 

l >  if in idle mode; or 

I> if in connected mode and if System Information Block type 12 is not broadcast in the cell: 

2> if no intra-frequency measurement stored in the variable MEASUREMENT _IDENTITY was set up or 
modified through a MEASUREMENT CONTROL message: 

3> if included, store the IE "Intra-frequency reporting quantity" and the IE "Intra-frequency measurement 
reporting criteria" or "Periodical reporting criteria" in order to activate reporting when state CELL_ DCH 
is entered in the variable MEASUREMENT IDENTITY. The IE "Cells for measurement" is absent for 
this measurement. The IE "Measurement Validity" is absent for this measurement after a state transition 
to CELL_DCH; 

1> if in connected mode and if System Information Block type 12 is not broadcast in the cell: 

2> read the IE "Traffic volume measurement system information"; 

2> if no traffic volume measurement with the measurement identity indicated in the IE "Traffic volume 
measurement system information" was set up or modified through a MEASUREMENT CONTROL message: 

3> update the variable MEASUREMENT _IDENTITY with the measurement information received in that 
IE. 

l >  if the IE "Cell selection and reselection info" is not included for a new neighbouring cell in the IE "intra­
frequency cell info list" ,  the IE " inter-frequency cell info list" or the IE "inter-RAT cell info list" in System 
Information Block type 11: 
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2> use the default values specified for the IE "Cell selection and reselection info" for that cell except for the IE "HCS neighbouring cell information". 
l> if the IE "Use ofHCS" is set to "used", indicating that HCS is used, do the following: 

2> if IE "HCS neighbouring cell information" is not included for the first new cell in the IE "Intra-frequency cell info list", the IE "Inter-frequency cell info list" or the IE "Inter-RAT cell info list" in System Information Block type 1 1 : 
3> use the default values specified for the IE "HCS neighbouring cell information" for that cell. 

2> if IE "HCS neighbouring cell information" is not included for any other new cell in the IE "Intra-frequency cell info list", the IE "Inter-frequency cell info list" or the IE "Inter-RAT cell info list" in System Information Block type 1 1 : 
3> for that cell use the same parameter values as used for the preceding cell in the same cell info list in System Information Block type 1 1 .  

l >  if the value of the IE "Cell selection and reselection quality measure" is different from the value of the IE "Cell selection and reselection quality measure" obtained from System Information Block type 3 or System Information Block type 4: 
2> use the value of the IE from this System Information Block and ignore the value obtained from System Information Block type 3 or System Information Block type 4. 

l>  if in connected mode, and System Information Block type 12  is indicated as used in the cell: 
2> read and act on information sent in System Information Block type 12 as indicated in subclause 8 . 1 . 1 .6. 12. 

l> ifIE "MBSFN frequency list" is included: 
2> act as specified in subclause 8.6.9.9ac. 

For 1 .28 Mcps TDD if the cell is operating in MBSFN only mode according to subclause 8 . 1 . 1 .6.3 the UE shall: 
l >  store the frequencies and their corresponding "cell parameter ID" indicated in the IE "MBSFN LCR TDD frequency list" included in the IE "MBSFN frequency list" . 

If the cell is operating in MBSFN mode according to subclause 8 . 1 . 1 .6.3 the UE may: 
l >  for FDD and 3 .84/7.68 Mcps TDD consider the cells indicated in the IE "Intra-frequency cell info list" in the IE "Intra-frequency measurement system information" as candidates for the selection of the MBSFN cluster; 
l> for 1 .28 Mcps TDD consider there exist MBSFN clusters deployed with the frequencies and their corresponding "cell parameter ID" stored. 

For 1 .28 Mcps TDD if the cell is not operating in MBSFN only mode but associated with one or more MBSFN clusters the UE shall: 
1> store the frequencies and their corresponding "cell parameter ID" indicated in the IE "MBSFN LCR TDD frequency list" included in the IE "MBSFN frequency list"; 
1> consider there exist MBSFN clusters deployed with the frequencies and their corresponding "cell parameter ID" stored; 
l >  search an MBSFN cluster in MBSFN only mode with its frequency and corresponding "cell parameter ID" for monitoring the MEMS services delivered in dedicated MBSFN frequency layer. 
NOTE: The IE "Intra-frequency cell info list" may not include information about all neighbouring MBSFN clusters 

For FDD, the UE shall: 
l>  When the IE "frequency info" is included in the IE "Intra-frequency measurement system information" from System Information Block type 1 1 , 

2> ifUE does not support multi cell E-DCH operation, 
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3>ignore the received IE and the VE behaviour is undefined. 
2> else 

UT09-1 365 

3> measure the frequency adjacent to frequency of the current cell among the frequencies in the IE "Frequency Info" 
8. 1 . 1  . 6 . 1 2  System Information Block type 1 2  

If in connected mode, the UE should store all relevant IEs included in this system information block. The UE shall: 
l> after reception of System Information Block type 1 1 ;  and 
I>  after reception of System Information Block type l lbis, if broadcast in the cell: 

2> update the variable MEASUREMENT_ IDENTITY with the measurement information in the received IEs unless specified otherwise. 
I> if IE "FACH measurement occasion info" is included: 

2> act as specified in subclause 8 .6 .7. 
1> else: 

2> may perform inter-frequency/inter-RAT measurements or inter-frequency/inter-RAT cell re-selection evaluation, if the UE capabilities permit such measurements while simultaneously receiving the S-CCPCH of the serving cell. 
1> act upon the received IE "Intra-frequency cell info list"/"Inter-frequency cell info list"/"Inter-RAT cell info list" as described in subclause 8 .6.7.3; 
l> if any of the IEs "Intra-frequency measurement quantity" , "Intra-frequency reporting quantity for RACH reporting", "Maximum number of reported cells on RACH" or "Reporting information for state CELL_ DCH" are not included in the system information block: 

2> read the corresponding IE(s) in system information block type 1 1  and use that information for the intra­frequency measurement. 
I>  if the IE "Inter-frequency RACH reporting information" is included in this system information block or in System Information Block type 1 1 :  

2> if the IE is not included in the system information block, read the corresponding IE(s) in System Information Block type 1 1 ; 
2> use the received information for the inter-frequency measurements as specified in subclause 8.5 .23. 

1 > if included in this system information block or in System Information Block type 1 1 :  
2> if no intra-frequency measurement in the variable MEASUREMENT _IDENTITY was set up or modified through a MEASUREMENT CONTROL message: 

3> store the IE "Intra-frequency reporting quantity" and the IE "Intra-frequency measurement reporting criteria" or "Periodical reporting criteria" in order to activate reporting when state CELL_ DCH is entered in the variable MEASUREMENT_IDENTITY. The IE "Cells for measurement" is  absent for this measurement. The IE "Measurement Validity" is absent for this measurement after a state transition to CELL_DCH; 
l >  if the IE "Traffic volume measurement system information" is not included in this system information block: 

2> read the corresponding IE in System Information Block type 1 1 .  
1 >  if the IE "Traffic volume measurement system information" was received either in this system information block or in System Information Block type 1 1 :  

2> if no traffic volume measurement with the measurement identity indicated in the IE "Traffic volume measurement system information" was set up or modified through a MEASUREMENT CONTROL message: 
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3> update the variable MEASUREMENT_IDENTITY with the measurement information received in that 
IE. 

1 > if in CELL F ACH state: 

2> start or continue the traffic volume measurements stored in the variable MEASUREMENT IDENTITY that 
are valid in CELL F ACH state. 

l> if the IE "Cell selection and reselection info" is not included for a new neighbouring cell in the IE "Intra­
frequency cell info list", the IE "Inter-frequency cell info list" or the IE "Inter-RAT cell info list" in System 
Information Block type 12: 

2> use the default values specified for the IE "Cell selection and reselection info" for that cell except for the IE 
"HCS neighbouring cell information". 

l >  if the IE "Use ofHCS" is set to "used" , indicating that HCS is used, do the following: 

2> if IE "HCS neighbouring cell information" is not included for the first new cell in the IE "Intra-frequency cell 
info list", the IE "Inter-frequency cell info list" or the IE "Inter-RAT cell info list" in System Information 
Block type 12 : 

3> use the default values specified for the IE "HCS neighbouring cell information" for that cell. 

2> if IE "HCS neighbouring cell information" is not included for any other new cell in the IE "Intra-frequency 
cell info list", the IE "Inter-frequency cell info list" or the IE "Inter-RAT cell info list" in System Information 
Block type 12: 

3> for that cell use the same parameter values as used for the preceding cell in the same cell info list in 
System Information Block type 12. 

1> if the value of the IE "Cell selection and reselection quality measure" is different from the value of the IE "Cell 
selection and reselection quality measure" obtained from System Information Block type 3 or System 
Information Block type 4: 

2> use the value of the IE from this System Information Block and ignore the value obtained from System 
Information Block type 3 or System Information Block type 4. 

If in idle mode, the UE shall not use the values of the IEs in this system information block. 

For FDD, the UE shall: 

l> When the IE "frequency info" is included in the IE "Intra-frequency measurement system information" from 
System Information Block type 12, 

2> ifUE does not support multi cell E-DCH operation, 

3>ignore the received IE and the UE behaviour is undefined. 

2> else 

3> measure the frequency adjacent to frequency of the current cell among the frequencies in the IE 
"Frequency Info" 

8 .5 .23 Measured resu lts on RACH 

When transmitting an uplink RRC message and System Information Block type 11, System Information Block type 
11 bis and System Information Block type 12, if transmitted, have been received, the UE shall: 

l >  if the uplink RRC message is an RRC CONNECTION REQUEST message: 

2> if the IE "Intra-frequency reporting quantity for RACH reporting" and the IE "Maximum number of reported 
cells on RACH" are included in System Information Block type 11:  

3> include a measurement report in the IE "Measured results on RACH", as specified in the IE "Intra­
frequency reporting quantity for RACH repoiting" and the IE "Maximum number of reported cells on 
RACH" in System Information Block type 11. 
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2> if the IE "Inter-frequency RACH reporting information" is included in System Information Block type 1 1 : 
3> if, at the time the message is to be sent, valid measurements are available; and 
3> there is one or more cells for which the quantity, indicated by the IE "Reporting quantity" in the IE "Inter­frequency RACH reporting information", exceeds the threshold specified by the IE "Inter-frequency RACH reporting threshold'': 

4> include a measurement report in the IE "lvleasured results on RACH"; 
4> include the cells for which the quantity, indicated by the IE "Reporting quantity" in the IE "Inter­frequency RACH reporting information", exceeds the threshold specified by the IE "Inter-frequency RACH reporting threshold"; 
4> set the IE "Inter-frequency cell indication- SIBl 1 "  to the following value: Value_Tag MOD 2, with Value_ Tag corresponding to the value tag of System Information Block Type 1 1 ;  
4> set the IE "Inter-frequency cell indication- SIB 12" to any value. 

1> for any other uplink RRC message which optionally includes the IE "Measured results on RACH" : 
2> if the IE "Intra-frequency reporting quantity for RACH reporting" and the IE "Maximum number of reported cells on RACH" are included in System Information Block type 12 (or "System Information Block Type 1 1 " ,  if these IEs are not included in the broadcast "System Information Block Type 12" or "System Information Block Type 12" is not being broadcast) . 

3> include a measurement report in the IE "Measured results on RACH", as specified in the IE "Intra­frequency reporting quantity for RACH reporting" and the IE "Maximum number ofreported cells on RACH" in System Information Block type 12 ( or "System Information Block Type 1 1 " if these IEs are not included in the broadcast "System Information Block Type 12" or " System Information Block Type 12" is not being broadcast).3> if the UE supports multi cell E-DCH operation: 
4> if one frequency among the IE "Frequency info" of the "New intra-frequency cells" in the IE "Intra­frequency measurement system information" is adjacent frequency of the current cell; 

5> include a measurement report corresponding to adjacent frequency of the current cell in the IE "Measured results on RACH", as specified in the IE "Intra-frequency reporting quantity for RACH reporting". 
2> if the IE "Inter-frequency RACH reporting information" is included in "System Information Block type 12" (or "System Information Block Type 1 1 "  if this IE is not included in the "System Information Block Type 12" or if "System Information Block Type 12" is not being broadcast): 

3> if, at the time the message is to be sent, valid measurements are available; and 
3> there is one or more cells for which the quantity, indicated by the IE "Reporting quantity" in the IE "Inter­frequency RACH reporting information", exceeds the threshold specified by the IE "Inter-frequency RACH reporting threshold" : 

4> include a measurement report in the IE "Measured results on RACH" ; 
4> include the cells for which the quantity, indicated by the IE "Reporting quantity" in the IE "Inter­frequency RACH reporting information", exceeds the threshold specified by the IE "Inter-frequency RACH reporting threshold"; 
4> set the IE "Inter-frequency cell indication- SIB l l II to the following value: Value_Tag MOD 2, with Value_Tag corresponding to the value tag of System Information Block Type 1 1 ;  
4> if "System Information Block Type 12" is being broadcast: 

5> set the IE "Inter-frequency cell indication- SIB12" to the following value: Value_Tag MOD 2, with Value_Tag corresponding to the value tag of System Information Block Type 12 .  
4> else: 

5> set the IE "Inter-frequency cell indication- SIB 12" to any value. 
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l> include in the IE "Measured results on RACH" all requested reporting quantities for cells for which measurements are reported. 

UT09-1 365 

NOTE: The UE only includes measurement results for neighbour cells for which valid measurements are available at the time the message is sent. At cell access following selection or reselection to a cell, the UE may not have had sufficient time to obtain valid measurement results for neighbour cells. 
l >  for messages transmitted on CCCH, take care that the maximum allowed message size is not exceeded when forming the IE ''Measured results on RACH", i.e. limit the number of included neighbour cells or if required omit the IE "Measured results on RACH" altogether. When limiting the number of included neighbouring cells, the number of inter-frequency·cells should be limited first i.e. inter-frequency cells should be omitted before limiting the number of intra- frequency cells. 

When transmitting an uplink RRC message and the System Information Block type 1 1 , System Information Block type 1 1  bis and System Information Block type 12, if transmitted, have not been received, the UE shall: 
l>  for any uplink RRC message which optionally includes the IE "Measured results on RACH", include a measurement report in the IE "Measured results on RACH" according to the follo\\<ing rules: 

2> if the IE "Intra-frequency reporting quantity" was not present in System Information Block type 3 :  
3> include a measurement report for the serving cell using CPICH RSCP as a measurement quantity; 
3> include measurement reports for cells on the used frequency for which measured results are available, using CPICH RSCP as measurement quantity for each cell; 
3> omit the IE "Measurement results for monitored cells on non-used frequencies". 

2> if the IE "Intra-frequency reporting quantity" was present in System Information Block type 3: 
3> include a measurement report for the serving cell using as a measurement quantity given in IE "Intra­frequency reporting quantity"; 
3> include measurement reports for cells on the used frequency for which measured results are available, using as a measurement quantity given in IE "Intra-frequency reporting quantity" for each cell; 
3> omit the IE "Measurement results for monitored cells on non-used frequencies". 

2> for TDD, include measurement reports using the measurement quantities specified in the IE "Reporting quantity list" . 
If the IE "Measured results on RACH" is present in the message, the UTRAN should extract the contents to be used for radio resource control. 
1 0 .3.7.45 Measured results on RACH 

For measurements on used frequency, this IE contains the measured results on RACH of the quantity indicated by . Reporting quantity in the IE "Intra-frequency reporting quantity for RACH Reporting" in system information broadcast on BCH. The list, measurement results for monitored cells (not including the current cell) shall be in the order of the value of the measurement quantity as indicated by Reporting Quantity in the IE "Intra-frequency reporting quantity for RACH Reporting" (the first cell shall be the best cell). 
For measurements on non-used frequencies, this IE includes the best cell on each non- used frequency, in order of decreasing quality and up to a maximum number as specified by the IE "Maximum number of inter-frequency RACH reporting cells". 
The "best" FDD cell has the largest value when the measurement quantity is "Ee/No'' or "RSCP".  On the other hand, the "best" cell has the smallest value when the measurement quantity is "Pathloss". The "best" TDD cell has the largest value when measurement quantity is "Primary CCPCH RSCP". 

I nformation Element/group 
name 

Need Multi 

9 

Type and 
reference 

Semantics 
description 

Version 
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Information Element/group Need Multi Type and Semantics Version 
name reference description 

Measurement result for current M P  
cell 
>CHOICE mode MP 
>>FDD 
>>>CHOICE measurement MP One spare value 
quantity is needed. 
>>>>CPICH Ee/NO lnteger(0 . .49 In  dB. According 

) to CPICH_Ec/No 
in [ 1 9]. 
Fourteen spare 
values are 
needed. 

>>>>CPICH RSCP lnteger(0 .. 91 In dBm. According 
) to 

CPICH_RSCP _LE 
V in [ 19] .  
Thirty-six spare 
values are 
needed. 

>>>>Pathloss lnteger(46 . .  1 In dB. 
58) Fifteen spare 

values are 
needed. 

>>TDD 
>>>CHOICE TDD ootion M P  REL-4 
>>>>3.84 Mcps TDD REL-4 
>>>>> Timeslot List OP 1 to 1 4  
>>>>>> Timeslot ISCP M P  Timeslot The UE shall 

ISCP info report the 
1 0.3.7.65 Timeslot ISCP in 

the same order as 
indicated in the 
cell info 

>>>7.68 Mcps TDD REL-7 
>>>> Timeslot List OP 1 to 14 REL-7 
>>>>> Timeslot ISCP MP Timeslot The UE shall REL-7 

ISCP info report the 
1 0.3.7.65 Timeslot ISCP in 

the same order as 
indicated in the 
cell info 

>>>>1 .28 Mcps TDD REL-4 
>>>>> Timeslot List OP 1 to 6 REL-4 
>>>>>>Timeslot ISCP MP Timeslot The UE shall REL-4 

ISCP info report the 
1 0.3.7.65 Timeslot ISCP in 

the same order as 
indicated in the 
cell info 

»>Primary CCPCH RSCP OP Primary 
CCPCH 
RSCP info 
1 0.3.7.54 

Measurement results for OP 1 to 1 2  
monitored cells o n  used 
frequencv 
>SFN-SFN observed time OP SFN-SFN 
d ifference observed 

time 
difference 
1 0.3.7.63 

>CHOICE mode MP 
>>FDD 
>>>Primary CPICH info MP Primary 

CPICH info 
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Information Element/group Need Multi 
name 

>>>Frequency info OP 

>>>CHOICE measurement OP 
auantitv 
>>>>CPICH Ee/NO 

>>>>CPICH RSCP 

>>>>Pathloss 

>>TDD 
>>>Cell parameters Id M P  

>>>Primary CCPCH RSCP M P  

Measurement results for OP 
monitored cells on non-used 
frequencies 
>I nter-frequency cell indication- M P  
SIB 1 1 
>I nter-frequency cel l  indication- MP 
SIB1 2 
>Inter-frequency cell list MP 1 to 

<maxFreq 
> 

>>I nter-frequency cell id MP 

NOTE: Monitored cells consist of neighbouring cells. 

Type and 
reference 

1 0.3.6.60 
Enumerated 
(TRUE) 

lnteger(0 . .49 
) 

l nteger(0 . .  91 
) 

I nteger( 46 . .  1 
58) 

Cell 
parameters 
Id 1 0.3.6.9 
Primary 
CCPCH 
RSCP info 
1 0.3.7.54 

lnteger {0 .. 1 }  

I nteger (0 . .  1 }  

l nteger(0 . .  
<maxCellMe 
as>-1 ) 

1 4 . 1 .2 I ntra-frequency reporting events for FDD 

Semantics Version 
description 

Absence of this I E  REL-9 
means it is the 
primary UL 
frequency. 
One spare value 
is needed. 
In dB. According 
to CPICH_Ec/No 
in [1 9]. 
Fourteen spare 
values are 
needed. 
In dBm. According 
to 
CPICH_RSCP _LE 
V in [1 9]. 
Thirty-six spare 
values are 
needed. 
In dB. 
F ifteen spare 
values are 
needed. 

REL-6 

REL-6 

REL-6 

REL-6 

REL-6 

Within the measurement reporting criteria field in the Measurement Control message the UTRAN notifies the UE which events should trigger a measurement report. The listed events are the toolbox from which the UTRAN can choose the reporting events that are needed for the implemented handover evaluation function, or other radio network functions. 
All the specified events are measured with respect to any of the measurement quantities given in subclause 14 . 1 . 1 .  The measurement quantities are measured on the monitored primary common pilot channels (CPICH) of the cell defined in the measurement object. 
Special mechanisms for the events are illustrated in subclause 14. 1 .4 and 14 . 1 .5. 
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NOTE: The events below are numbered IA, IB, IC, . . .  since all intra-frequency reporting events would be 
labelled IX, inter-frequency reporting events would be labelled 2X, and so on for the other measurement 
types. 

When one intra-frequency measurement identity corresponds to multiple intra-frequency events with identical event 
identities, the UE behaviour is not specified, excpet that SECONDARY_E_DCH_TRANSMISSION is set to TRUE. 

NOTE: A intra-frequency measurement identity corresponds to two intra-frequency event when DC-HS UP A is 
configured. 
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Title: 

Agenda item: 

Document for: 

De-activation/Re-activation of Secondary Carrier 

x.x.x 

Discussion and decision 

1 I ntroduction 

UT09-1365 

In Dual Cell E-DCH operation, unlike the primary carrier, the secondary carrier is dynamically activated/de-activated 
by Node B. The UE behaviour when the secondary carrier deactivated is re-activated has not been discussed. 

Therefore, this paper discusses what the UE does when secondary carrier is de-activated and re-activated. 

2 D iscussion 

2.1 Flush of HARO process buffer on secondary carrier 

When the secondary carrier is de-activated, the data to be transmitted on the carrier might be remained in the HARQ 
process buffer on the UE. Assuming that Node B receives data on the secondary carrier from the UE then transmits the 
HARQ ACK to the UE and de-activates the secondary carrier. If ACK-to-NACK error occurs at the UE side, the UE 
will not flush HARQ process buffer on the secondary carrier. Moments later if the secondary carrier is re-activated by 
Node B, the UE might try to re-transmit the data in the HARQ process buffer since the buffer is not empty. In order to 
prevent this problem, the UE should flush HARQ process buffer on the secondary carrier when the carrier is de­
activated (or re-activated). 

Proposal 1 :  The UE shall flush HARQ process buffer corresponding to the secondary carrier when secondary 
carrier is de-activated (or re-activated). 

2.2 Initial variables on secondary carrier 

When the secondary carrier is de-activated, the UE does not initialize the variable and timers related to Serving Grant 
Update function. Therefore, when the secondary carrier is re-activated, the UE might use the value calculated at 
deactivation. It leads that after the secondary carrier is re-activated the UE may start to transmit data even if the UE has 
not received the Serving Grant from Node B. 

Hence, the UE needs to initialize variables and timers related to Serving Grant Update Function when the secondary 
carrier is re-activated (or de-activated) similarly to initialization of them when Dual Cell E-DCH operation is 
configured. 

Proposal 2 :  The UE shall initialize variables and timers related to Serving Grant Update function when the 
secondary carrier is re-activated (or de-activated). 

3 Conclusion 
For the correct operation of secondary carrier, the followings are proposed at secondary carrier de-activation or re­
activation: 

Proposal 1 :  The UE shall flush HARQ process buffer corresponding to the secondary carrier. 

Proposal 2: The UE shall initialize variables and timers for Sening Grant Update function when the secondary 
carrier is re-activated ( or de-activated). 

A text proposal is attached in section 4. 
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4 Append ix 

1 1 .8. 1 .3.2 Handling at start of E-DCH transmission 

In CELL_DCH state when E-DCH transmission is started or Secondary Uplink Frequency is re-activated by lower layer, 
the UE shall on that carrier: 

activate all HARQ processes; 

if the IE's " Serving Grant value" and "Primary/Secondary Grant Selector" are provided by higher layers: 

- update the state variables and timers according to subclause 11.8 .1.3 .5.  

- else: 

- initialise the state variable Serving_ Grant to Zero_ Grant; 

- initialise the state variable Primary_Grant_Available to "False";  

- initialise the state variable Stored_Secondary_ Grant to "Zero_Grant". 

- initialise the state variables reference_ ETPR and reference _ETPR2 to "Minimum_ Grant"; 

- initialise the state variable Maximum_Serving_ Grant to the highest possible value (i.e. index 37 in table 
9 .2.5 .2.1.1 or 9.2.5 .2.1.2 as configured by higher layers). 

Next 1viodt/ied Section 

1 1 .8 . 1 . 1 0  De-activation on Secondary U plink Frequency 

If Secondary Uplink Frequency is de-activated by lower layer, the UE shall on the secondary carrier: 

deactivate all HARQ processes and flush all buffers; 
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Title: 3:€ Agreements on Carrier Aggregation 

Reason for change: 3€ RAN2 has agreed some control plane aspects related to carrier aggregation 

Summary of change: 3€ In subclause 5.3.2 .1  {new), transmission of CC specific system information on 
the BCCH of the CC is explained. 

Consequences if 
not aooroved: 

3:€ 

In subclause 5.3 .2.2 (new), details of the "special cell" are included. Usage of 
RRCConnectionReconfiguration message is also explained for the 
reconfiguration , addition and removal .of CCs . Triggers agreed for re­
establ ishment are also l isted. 

In addition, editorial corrections are also included to subclause 5.1 . 

RAN2 agreements on Carrier Aggregation are not captured in  36.91 2.  
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5 Support of wider bandwidth 

5. 1 General  

LTE-Advanced extends LTE Rel.-8 with support for Carrier Aggregation, where two or more component carriers 
(CCs) are aggregated in order to support ·wider transmission bandwidths up to 100MHz and for spectrum aggregation. 

It shall be possible to configure all component carriers which are LTE Rel-8 compatible, at least when the aggregated 
numbers of component carriers in the UL and the DL are the same. Not all component carriers may necessarily be LTE 
Rel-8 compatible. 

A terminal may simultaneously receive or transmit one or multiple component carriers depending on its capabilities: 

An LTE-Advanced tenninal with reception and/or transmission capabilities for carrier aggregation can 
simultaneously receive and/or transmit on multiple component carriers. 

An LTE Rel-8 terminal can receive and transmit on a single component carrier only, provided that the structure 
of the component carrier follows the Rel-8 specifications. 

Carrier aggregation is supported for both contiguous and non-contiguous component carriers with each component 
carrier limited to a maximum of 110 Resource Blocks in the frequency domain using the L TE Rel-8 numerology 

It is possible to configure a UE to aggregate a different number of component carriers originating from the same eNB 
and of possibly different bandwidths in the UL and the DL. In typical TDD deployments, the number of component 
carriers and the bandwidth of each component carrier in UL and DL will be the same. 

Component carriers originating from the same eNB need not to provide the same coverage. 

The spacing between centre frequencies of contiguously aggregated component carriers shall be a multiple of 300 kHz. 
This is in order to be compatible with the 100 kHz frequency raster of LTE Rel-8 and at the same time preserve 
orthogonality of the subcarriers with 15 kHz spacing. Depending on the aggregation scenario, the n*300 kHz spacing 
can be facilitated by insertion of a low number of unused subcarriers between contiguous component carriers. 

5.2 User Plane 

5 .2 . 1  Structure 

Compared to the Layer 2 structure of LTE Rel-8, the multi-carrier nature of the physical layer is only exposed to the 
MAC layer for which one HARQ entity is required per CC. The Layer 2 structure for the downlink is depicted on 
Figured 5.2. 1-1 below. 
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PDCP 

RLC �/ 

MAC -/ 

---------

Multiplexing U E1 

Radio Bearers 

------- Logical Channels -------

Scheduling / Priority Handling 

Multiplexing UEn 

Transport Channels 

Figure 5.2.1 -1 : Layer 2 Structure for the DL 

The Layer 2 structure for the uplink is depicted on Figured 5.2. 1 -2 below. 
----------- )-- - -- ·  Radio Bearers 

PDCP -1_ 
�---<: 

RLC --/ 

·-------- ------------- Logical Channels 

Scheduling I Priority Handling 

Transport Channels 

Figure 5.2.1 -2: Layer 2 Structure for the UL 

5.2 .2 MAC 

UT09-1365 

From a UE perspective, the Layer 2 aspects ofHARQ are kept Rel-8 compliant unless modifications provide significant gains. There is one transport block (in absence of spatial multiplexing, up to two transport blocks in case of spatial 
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multiplexing) and one independent hybrid-ARQ entity per scheduled component carrier. Each transport block is mapped to a single component carrier only where all possible HARQ retransmissions also take place. A UE may be scheduled over multiple component carriers simultaneously but at most one random access procedure shall be ongoing at any time. 
5.2.3 RLC 

The RLC protocol ofLTE Rel-8 also applies to carrier aggregation and allows LTE-A to handle data rate up to I Gbps. Further enhancements ( e.g. increased RLC SN) size can be considered. 
5.2.4 PDCP 

The PDCP protocol ofLTE Rel-8 also applies to carrier aggregation. 

5.3  

5.3 . 1 

Control  plane 

Structure 

The C-Plane architecture of LTE Rel-8 also applies to carrier aggregation. 
5.3 .2 

5.3 .2 . 1  

RRC procedures 

System Information 

Each CC provides on BCCH the system information which is specific to it. The handling of system information for extension carriers is FFS. 
5.3.2.2 Connection Control 

As in LTE Rel-8, the UE only has one RRC connection with the network. One cell - the "special cell" - provides the security input and the NAS mobility information (one ECGI, one PCI and one ARFCN). There is only one "special cell" per UE in connected mode. 
After RRC connection establishment to the "special cell", the reconfiguration, addition and removal of CCs can be performed by RRCConnectionReconfiguration including mobilityControllnfo (i.e. "intra-cell handover"). 
RRCConnectionReconfiguration without mobilityControllnfo can also be used for the addition of CCs, and for the removal of CCs with the exception of the CC corresponding to the "special cell". 
At intra-LTE handover, the RRCConnectionReconfiguration with mobilityControllnfo (i.e. "handover command") can remove, reconfigure or add CCs for usage in the target cell. 
Detection of failure of one CC by the UE does not necessarily trigger a connection re-establishment. RRC connection re-establishment triggers at the UE include: 

1 )  The failure of all CCs on which the UE is configured to receive PDCCH; 
NOTE: FFS if re-establishment is triggered under more restrictive conditions. 
2) The loss of all UL communication; 
3) The indication from RLC that the maximum number ofretransmissions has been reached (as in Rel-8). 

5 .3 .3 I d le mode procedu res 

Idle mode mobility procedures of LTE Rel-8 also apply in a network deploying carrier aggregation. It should be possible for a network to configure only a subset of CCs for idle mode camping. 
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1 I ntroduction 
At RAN2#67bis it was discussed whether the intention of the Rel-8 specification is to include, in the UEs 
Active Time, the time between triggering of an SR until the actual transmission of the SR; i.e., whether UE 
shall monitor PDCCH from the moment a SR is triggered or from the moment an SR is transmitted. 

Some companies understood that to improve UE battery performance the UE need not monitor the PDCCH 
until the SR is transmitted. Others understood the Rel-8 intent is to have UE monitoring PDCCH also before 
the SR is transmitted and that this would be beneficial for latency reduction by means of 'pre-allocation' .  

RAN2#67bis concluded that the Rel-8 intent was to have the UE monitor the PDCCH from the moment SR 
is triggered. However, it has been identified that this behaviour will severely impact UE DRX opportunity, in 
particular for VoIP traffic. This contribution highlights the DRX issue resulting from the Rel-8 Active Time 
definition w r t  D-SR and proposes to clarify that the UE monitors PDCCH due to D-SR from the time the D­
SR is transmitted on PUCCH. 

2 DRX and D-SR induced PDCCH monitoring 
It is understood that before the D-SR has been transmitted on PUCCH the eNB is not aware that new (higher 
priority) data has become available for transmission in the UE. Thus, assuming that UE is not in Active Time 
due to some other reason, an uplink grant would typically not be provided on PDCCH before D-SR has been 
transmitted. One exception to the rule would be the application of 'pre-allocation' of uplink resources blindly 
to the UE to optimize uplink latency. For pre-allocation the early PDCCH monitoring enables the UE to 
receive the 'unsolicited' uplink grants and reduces uplink latency. Thus, when the UE should start PDCCH 
monitoring (w r t D-SR) would appear to be a tradeoff between UE battery efficiency and pre-allocation 
efficiency. 

2 . 1  U E battery efficiency 

For traffic with periodic uplink transmissions where the data inter-arrival time is on the same order as the 
SR-trigger to UL-transmission latency, the behaviour confirmed at RAN2#67bis severely limits DRX 
opportunity and performance. In the following we consider the DRX performance for VoIP. 

We assume an SR periodicity of 20ms, packet arrival uncorrelated to the SR opportunity and a constant 
packet inter-arrival time of20ms. Because the size of the VoIP packet is rather small, the UE buffer becomes 
empty between the packets and each VoIP packet triggers a regular BSR and SR. 

2 . 1 . 1 U E  mon itors PDCCH from SR trigger 

With the 'confirmed' behaviour, the UE will monitor PDCCH 

1 .  0 - 20 ms from SR trigger until D-SR opportunity 

2. at least 6 ms from D-SR opportunity until the SR is cancelled (transmission of SR, detection by eNB, 
immediate issue of uplink grant and UE pre-PUSCH-transmission processing) 

Thus, for each VoIP packet, the minimum UE Active Time varies between 6 - 26 ms and is 1 6.8 ms  on 
average if averaged over many sessions. This corresponds to a DRX potential of less than 25%. Note that 
during a session packets arrive in a very regular fashion and averaging per UE and session does not occur. 
We further note that this minimum Active Time does not include PDCCH monitoring for retransmissions, 
nor does it account for associated downlink traffic. Thus DRX opportunity may in practice be even more 
limited; possibly non-existent during the talk period of the UE 

The Active Time can be reduced by configuring the UE with a shorter D-SR periodicity. However, this 
requires more uplink resources to be allocated to PUCCH and is not always justified from a delay budget 
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point of view. Less resources will be available for PUSCH and capacity may be limited due to DRX 
considerations. To ensure that Active Time due to D-SR is less than half the VoIP packet inter-arrival time 
(i.e., below 10 ms), D-SR periodicity would need to be less than 5 ms. 

2 . 1 .2 UE mon itors PDCCH from SR transmission 

If UEs' monitoring of PDCCH would start at D-SR transmission, the waiting time for D-SR opportunity is 
eliminated and UEs' D-SR induced monitoring of PDCCH is independent of the D-SR periodicity. The 
decoupling of Active Time from the D-SR periodicity is a nice property, but more important is that the D-SR 
induced PDCCH monitoring becomes significantly reduced and UEs' DRX opportunity significantly 
improved. DRX potential is nearly 75% compared to less than 25% with PDCCH monitoring from SR 
trigger. 

2 .2 Pre-al location efficiency 

W r t  pre-allocation it is envisioned that UEs' lesser availability between SR trigger and D-SR transmission 
can be compensated with a shorter DRX cycle. Efficient pre-allocation can be achieved by configuring a 
shorter DRX cycle. 

3 Alternative approach 

An alternative approach to changing the definition of the D-SR induced Active Time, as proposed in 
Subsection 2. 1 . 1 , would be to provide the eNB with detailed timing information about when the SR was 
triggered. This would allow the eNB to adjust the timing of periodic uplink grants so that they can be 
provided shortly after SR trigger and minimize the time until SR cancellation. The information could be 
provided with an uplink MAC Control element. 

While this is a feasible alternative, it seems a little more complex than redefining the start of PDCCH 
monitoring w r t  D-SR on PUCCH. 

Another alterlative is for eNB to indicate whether the UE is allowed not to monitor PDCCH during the 
period from the trigger of D-SR to actual transmission of D-SR. For example, sr_drx_indicator can be 
defined. Thus, when eNB set sr_drx_indicator to allowed through RRC signaling, the UE can start 
monitoring of PDCCH only after transmission of D-SR and this means that active time does not include the 
time period from the trigger of D-SR to actual transmission of D-SR. Thus, when eNB set sr_drx_indicator 
to not-allowed through RRC signaling, the UE should start monitoring of PDCCH as soon as the triggering 
of D-SR and this means that active time include the time period from the trigger of D-SR to actual 
transmission of D-SR. 

Or alternatively, skipping of monitoring during the period from the trigger of D-SR to actual transmission of 
D-SR.can be done if there is any configured VoIP service. Otherwise, the UE should monitor as soon as the 
triggering of D-SR. 

Or alternatively, skipping of monitoring during the period from the trigger of D-SR to actual transmission of 
D-SR.can be done if there is any configured SPS(semi persistent scheduling or configured resources). 
Otherwise, the UE should monitor as soon as the triggering of D-SR. 

4 Summary and concl usion 

For traffic with periodic uplink transmissions the behaviour confirmed at RAN2#67bis severely limits DRX 
opportunity and performance. The problem is evident especially for VoIP traffic and when data inter-arrival 
time is on the same order as the latency between SR-trigger and actual uplink transmission. Unless a 
mechanism is introduced, which provides the eNB with accurate timing information about voice data arrival 
in the UE, DRX becomes virtually disabled. To achieve acceptable DRX performance, it is proposed to 
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revisit the assumption that UEs monitor PDCCH from SR trigger and discuss whether UEs should rather 
monitor PDCCH from D-SR transmission or a mechanism should be introduced to enable eNB to minimize 
UE Active Time due to D-SR. Based on our analysis updating the Active Time due to D-SR is simpler and 
preferred, but introducing an uplink MAC Control element with SR delay information is also doable. 

Proposal 1: It is proposed to discuss whether the poor DRX performance for, e.g., VoIP is 
acceptable. 

Proposal 2: It is proposed to clarify that, w r t  D-SR, UE Active Time begins at D-SR transmission. 

Proposal 3: If proposal 2 is not agreeable, it is proposed to introduce an uplink MAC Control 
element with SR delay information in Rel-9. 

CRs corresponding to proposal 2 are provided in [1]  and [2] . A CR corresponding to proposal 3 can be 

provided by Ericsson if proposal 3 is agreed. 
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Foreword 

This Technical Specification has been produced by the 3rd Generation Partnership Project (3GPP). 
The contents of the present document are subject to continuing work within the TSG and may change following formal TSG approval. Should the TSG modify the contents of the present document, it will be re-released by the TSG with an identifying change of release date and an increase in version number as follows: 
Version x.y.z 
where: 

x the first digit: 
1 presented to TSG for information; 
2 presented to TSG for approval; 
3 or greater indicates TSG approved document under change control. 

y the second digit is incremented for all changes of substance, i.e. technical enhancements, corrections, updates, etc. 
z the third digit is incremented when editorial only changes have been incorporated in the document. 
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1 Scope 

The present document specifies the E-UTRA MAC protocol. 

2 References 
The following documents contain provisions which, through reference in this text, constitute provisions of the present document. 

3 

• References are either specific (identified by date of publication, edition number, version number, etc.) or non-specific. 
• For a specific reference, subsequent revisions do not apply. 
• For a non-specific reference, the latest version applies. In the case of a reference to a 3GPP document (including a GSM document), a non-specific reference implicitly refers to the latest version of that document in the same 

Release as the present document. 

[ 1 ]  

[2] 

[3] 

[4] 

[5] 

[6] 

[7] 

[8] 

[9] 

[ 10] 

3GPP TR 2 1 .905: "Vocabulary for 3GPP Specifications" .  
3GPP TR 36.2 1 3 :  "Evolved Universal Terrestrial Radio Access (E-UTRA); Physical Layer Procedures" .  
3GPP TS 36.322: "Evolved Universal Terrestrial Radio Access (E-UTRA); Radio Link Control (RLC) protocol specification". 
3GPP TS 36.323: "Evolved Universal Terrestrial Radio Access (E-UTRA); Packet Data Convergence Protocol (PDCP) Specification". 
3GPP TS 36.2 12 :  "Evolved Universal Terrestrial Radio Access (E-UTRA); Multiplexing and channel coding". 
3GPP TS 36.2 14:  "Evolved Universal Terrestrial Radio Access (E-UTRA); Physical layer; Measurements". 
3GPP TS 36.2 1 1 :  "Evolved Universal Terrestrial Radio Access (E-UTRA); Physical Channels and Modulation". 
3GPP TS 36.33 1 :  "Evolved Universal Terrestrial Radio Access (E-UTRA); Radio Resource Control (RRC); Protocol specification". 
3GPP TS 36. 1 33 :  "Evolved Universal Terrestrial Radio Access (E-UTRA); Requirements for support of radio resource management" . 
3GPP TS 36. 1 0 1 :  "Evolved Universal Terrestrial Radio Access (E-UTRA); User Equipment (UE) radio transmission and reception". 

Definitions and abbreviations 

3. 1 Defin it ions 

For the purposes of the present document, the terms and definitions given in TR 2 1 .905 [ l ]  and the following apply. A term defined in the present document takes precedence over the definition of the same term, if any, in TR 2 1 .905 [ l ] .  
Active Time: Time related to DRX operation, as  defined in  subclause 5.7, during which the UE monitors the PDCCH in PDCCH-subframes. 
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mac-ContentionResolutionTimer: Specifies the number of consecutive subframe(s) during which the UE shall monitor 
the PDCCH after Msg3 is transmitted. 

D RX Cycle: Specifies the periodic repetition of the On Duration followed by a possible period of inactivity ( see figure 
3 .1-1 below). 

0 --- - - - - -DRX Cycle 

Figure 3.1 -1 : DRX Cycle 

drx-InactivityTimer: Specifies the number of consecutive PDCCH-subframe(s) after successfully decoding a PDCCH 
indicating an initial UL or DL user data transmission for this UE. 

drx-RetransmissionTimer: Specifies the maximum number of consecutive PDCCH-subframe(s) for as soon as a DL 
retransmission is expected by the UE. 

drxShortCycleTimer: Specifies the number of consecutive subframe(s) the UE shall follow the Short DRX cycle. 

drxStartOffset: Specifies the subframe where the DRX Cycle starts. 

HARQ information: HARQ information consists of New Data Indicator (NDI), Transport Block (TB) size. For DL­
SCH transmissions the HARQ information also includes HARQ process ID. For UL-SCH transmission the HARQ info 
also includes Redundancy Version (RV). In case of spatial multiplexing on DL-SCH the HARQ information comprises 
a set ofNDI and TB size for each transport block. 

HARQ RTT Timer: This parameter specifies the minimum amount of subframe(s) before a DL HARQ retransmission 
is expected by the UE. 

Msg3: Message transmitted on UL-SCH containing a C-RNTI MAC CE or CCCH SDU, submitted from upper layer 
and associated with the UE Contention Resolution Identity, as part of a random access procedure. 

onDuration Timer: Specifies the number of consecutive PDCCH-subframe( s) at the beginning of a DRX Cycle. 

PDCCH-subframe: For FDD UE operation, this represents any subframe; for TDD, only do¥,'lllink subframes and 
subframes including DwPTS. 

PRACH Resource Index: The index of a PRACH within a system frame [7] 

ra-PRACH-Maskindex: Defines in which PRACHs within a system frame the UE can transmit a Random Access 
Preamble (see subclause 7.3). 

RA-RNTI: The Random Access RNTI is used on the PDCCH when Random Access Response messages are 
transmitted. It unambiguously identifies which time-frequency resource was utilized by the UE to transmit the Random 
Access preamble. 

NOTE: A timer is running once it is started, until it is stopped or until it expires; otherwise it is not running. A 
timer can be started if it is not running or restarted if it is running. A Timer is always started or restarted 
from its initial value. 

3.2 Abbreviations 

For the purposes of the present document, the abbreviations given in TR 2 1 .905 [1] and the following apply. An 
abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in 
TR 21.905 [I]. 

BSR Buffer Status Report 
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C-RNTI Cell RNTI 
CQI Channel Quality Indicator 
E-UTRA Evolved UMTS Terrestrial Radio Access 
E-UTRAN Evolved UMTS Terrestrial Radio Access Network 
MAC Medium Access Control 
LCG Logical Channel Group 
PHR Power Headroom Report 
PMI Preceding Matrix Index 
P-RNTI Paging RNTI 
RA-RNTI Random Access RNTI 
RI Rank Indicator 
RNTI Radio Network Temporary Identifier 
SI-RNTI System Information RNTI 
SR Scheduling Request 
SRS Sounding Reference Symbols 
TB Transport Block 
TPC-PUCCH-RNTI Transmit Power Control-Physical Uplink Control Channel-RNTI 
TPC-PUSCH-RNTI Transmit Power Control-Physical Uplink Shared Channel-RNTI 

4 General  

4. 1  I ntroduction 

The objective is to describe the MAC architecture and the MAC entity from a functional point of view. 

4.2 MAC arch itectu re 

The description in this sub clause is a model and does not specify or restrict implementations. 

RRC is in control of configuration of MAC. 

4.2 .1 MAC Entities 

UT09-1365 

E-UTRA defines two MAC entities; one in the UE and one in the E-UTRAN. These MAC entities handle the following 
transport channels: 

- Broadcast Channel (BCH); 

- Downlink Shared Channel (DL-SCH); 

- Paging Channel (PCH); 

- Uplink Shared Channel (UL-SCH); 

- Random Access Channel(s) (RACH). 

The exact functions performed by the MAC entities are different in the UE from those performed in the E-UTRAN. 

Figure 4.2. 1 . 1  illustrates one possible structure for the UE side MAC entity, and it should not restrict implementation. 
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Figure 4.2. 1 . 1 :  MAC structure overview, UE side 

4.3 Services 

4 .3 . 1  Services provided to upper layers 

This clause describes the different services provided by MAC sublayer to upper layers. 
- data transfer 
- radio resource allocation 

4 .3.2 Services expected from physical layer 

The physical layer provides the following services to MAC: 
- data transfer services; 
- signalling of HARQ feedback; 
- signalling of Scheduling Request; 
- measurements (e.g. Channel Quality Indication (CQI)). 

UT09-1365 

' • '" 
'·• 

' 

The access to the data transfer services is through the use of transport channels. The characteristics of a transport channel are defined by its transport format (or format set), specifying the physical layer processing to be applied to the transport channel in question, such as channel coding and interleaving, and any service-specific rate matching as needed. 

4.4 Functions 

The following functions are supported by MAC sublayer: 
- mapping between logical channels and transport channels; 
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- multiplexing of MAC SDUs from one or different logical channels onto transport blocks (TB) to be delivered to 
the physical layer on transport channels; 

- demultiplexing of MAC SDUs from one or different logical channels from transport blocks (TB) delivered from 
the physical layer on transport channels; 

- scheduling information reporting; 

- error correction through HARQ; 

- priority handling between UEs by means of dynamic scheduling; 

- priority handling between logical channels of one UE; 

- Logical Channel prioritisation; 

- transport format selection. 

The location of the different functions and their relevance for uplink and dO\vnlink respectively is illustrated in Table 
4.4-1. 

Table 4.4-1 : MAC function location and link direction association. 

MAC function UE eNB Downlink Uplink 
Mapping between logical channels and transport channels X X X 

X X X 
Multiplexing X X 

X X 
Demultiplexing X X 

X X 
Error correction through HARO X X X 

X X X 
Transport Format Selection X X X 

Priority handling between UEs X X X 
Priority handling between logical channels of one UE  X X X 
Logical Channel prioritisation X X 

Scheduling information reporting X X 

4.5 Channel structure 

The MAC sublayer operates on the channels defined below; transport channels are SAPs between MAC and Layer 1, 
logical channels are SAPs between MAC and RLC. 

4.5 .1  Transport Channels 

The transport channels used by MAC are described in Table 4.5 . 1-1 below. 

Table 4.5. 1 -1 :  Transport channels used by MAC 

4.5 .2 

Transport channel name 
Broadcast Channel 
Downlink Shared Channel 
Paging Channel 
Uplink Shared Channel 
Random Access Channel 

Logical  Channels 

Acronym 
BCH 

DL-SCH 
PCH 

UL-SCH 
RACH 

Downlink 
X 
X 
X 

Uplink 

X 
X 

The MAC layer provides data transfer services on logical channels. A set oflogical channel types is defined for 
different kinds of data transfer services as offered by MAC. 

Each logical channel type is defined by what type of information is transferred. 
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MAC provides the control and traffic channels listed in Table 4.5.2-1 below. 

4.5.3 

Table 4.5.2-1 : Logical channels provided b y  MAC. 

Logical channel name 
Broadcast Control Channel 
Paging Control Channel 
Common Control Channel 
Dedicated Control Channel 
Dedicated Traffic Channel 

Acronym 
BCCH 
PCCH 
CCCH 
DCCH 
DTCH 

Control channel 
X 
X 
X 
X 

Traffic channel 

X 

Mapping of Transport Channels to Logical  Channels 

UT09-1365 

The mapping of logical channels on transport channels depends on the multiplexing that is configured by RRC. 

4.5.3 . 1  Upl ink mapping 

The MAC entity is responsible for mapping logical channels for the uplink onto uplink transport channels. The uplink 
logical channels can be mapped as described in Figure 4.5.3 .1-1 and Table 4.5.3 .1-1. 

4.5.3.2 

CCCH DCCH DTCH 

--------c:>---------
RACH UL-SCH 

Uplink 
Logical channels 

Uplink 
Transport channels 

Figure 4.5.3.1 -1 

Table 4.5.3. 1 -1 :  Uplink channel mapping. 

Transport channel U L-SCH 

X 
Logical channel 

CCCH 
DCCH 
DTCH 

Downl ink mapping 

X 
X 

RACH 

The MAC entity is responsible for mapping the downlink logical channels to downlink transport channels. The 
downlink logical channels can be mapped as described in Figure 4.5.3.2-1 and Table 4.5 .3.2-1. 
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5 

PCCH BCCH CCCH DCCH DTCH 

PCH BCH DL-SCH 

Fig ure 4.5.3.2-1 

Downlink 
Logical channels 

Downlink 
Transport channels 

Table 4.5.3.2-1 : Downlink channel mapping. 

Transport channel 
Logical channel 

BCCH 

PCCH 

CCCH 

DCCH 

DTCH 

MAC proced ures 

BCH 

X 

PCH 

X 

DL-SCH 

X 

5. 1 Random Access procedure 

5 . 1 . 1  Random Access Procedure in it ial ization 

The Random Access procedure described in this subclause is initiated by a PDCCH order or by the MAC sublayer 
itself. Ifa UE receives a PDCCH transmission consistent with a PDCCH order [5] masked with its C-RNTI, it shall 
initiate a Random Access procedure. The PDCCH order or RRC optionally indicate ra-Preamblelndex and ra-PRACH­
Masklndex. 

Before the procedure can be initiated, the following information is assumed to be available [8] :  

- the available set of PRACH resources for the transmission of the Random Access Preamble,prach-Configlndex. 

- the groups of Random Access Preambles and the set of available Random Access Preambles in each group: 

The preambles that are contained in Random Access Preambles group A and Random Access Preambles group B 
are calculated from the parameters numberOJRA-Preambles and sizeOJRA-PreamblesGroupA: 

If sizeOjRA-PreamblesGroupA is equal to numberOjRA-Preambles then there is no Random Access Preambles 
group B. The preambles in Random Access Preamble group A are the preambles O to sizeOJRA­
PreamblesGroupA - I and, if it exists, the preambles in Random Access Preamble group B are the preambles 
sizeOfRA-PreamblesGroupA to numberOfRA-Preambles - I from the set of 64 preambles as defined in [7]. 

- if Random Access Preambles group B exists, the thresholds, messagePowerOffsetGroupB and 
messageSizeGroupA, the configured UE transmitted power, PcMAX [10], and the offset between the preamble and 
Msg3, deltaPreambleMsg3, that are required for selecting one of the two groups of Random Access Preambles. 

- the RA response window size ra-ResponseWindowSize. 

- the power-ramping factor powerRampingStep. 

- the maximum number of preamble transmissionpreambleTransMax. 
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the initial preamble power preamblelnitialReceivedTargetPower. 

the preamble format based offset DELT A_PREAMBLE (see subclause 7.6). 
the maximum number of Msg3 HARQ transmissions maxHARQ-Msg3Tx. 

the Contention Resolution Timer mac-ContentionResolutionTimer. 

NOTE: The above parameters may be updated from upper layers before each Random Access procedure is initiated. 
The Random Access procedure shall be performed as follows: 

Flush the Msg3 buffer; 
set the PREA...\liBLE _TRANSMISSION_ COUNTER to 1 ;  
set the backoff parameter value in the UE to O ms; 
proceed to the selection of the Random Access Resource (see subclause 5 . 1 .2). 

NOTE: There is only one Random Access procedure ongoing at any point in time. If the UE receives a request for a new Random Access procedure while another is already ongoing, it is up to UE implementation whether to continue with the ongoing procedure or start with the new procedure. 
5 . 1  .2 Random Access Resource selection 

The Random Access Resource selection procedure shall be performed as follows: 
If ra-Preamblelndex (Random Access Preamble) and ra-PRACH-Masklndex (PRACH Mask Index) have been explicitly signalled and ra-Preamblelndex is not 000000: 

the Random Access Preamble and the PRACH Mask Index are those explicitly signalled. 
else the Random Access Preamble shall be selected by the UE as follows: 

If Msg3 has not yet been transmitted, the UE shall: 
if Random Access Preambles group B exists and if the potential message size ( data available for transmission plus MAC header and, where required, MAC control elements) is greater than 
messageSizeGroupA and if the pathloss is less than PcMAX -preamblelnitialReceivedTargetPower ­
deltaPreamblel1,1sg3 - messagePowerOffeetGroupB, then: 

select the Random Access Preambles group B;  
else: 

select the Random Access Preambles group A. 
else, ifMsg3 is being retransmitted, the UE shall: 

select the same group of Random Access Preambles as was used for the preamble transmission attempt corresponding to the first transmission ofMsg3. 
randomly select a Random Access Preamble within the selected group. The random function shall be such that each of the allowed selections can be chosen with equal probability; 
set PRACH Mask Index to 0. 

determine the next available subframe containing PRACH permitted by the restrictions given by the prach­
Configlndex, the PRACH Mask Index (see subclause 7.3) and physical layer timing requirements [2] (a UE may take into account the possible occurrence of measurement gaps when determining the next available PRACH subframe); 
if the transmission mode is TDD and the PRACH Mask Index is equal to zero: 

if ra-Preamblelndex was explicitly signalled and it was not 000000 (i.e., not selected by MAC): 
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- randomly select, with equal probability, one PRACH from the PRACHs available in the determined 
subframe. 

- else: 

- randomly select, with equal probability, one PRACH from the PRACHs available in the determined 
subframe and the next two consecutive subframes. 

- else: 

- determine a PRACH within the determined subframe in accordance with the requirements of the PRACH 
Mask Index. 

- proceed to the transmission of the Random Access Preamble (see subclause 5 . 1 .3). 

5 . 1 .3 Random Access Preamble transmission 

The random-access procedure shall be performed as follows: 

- set PREAMBLE _RECEIVED_ TAR GET _POWER to preambleinitialReceivedTargetPower + 
DELTA _PREAMBLE + (PREAMBLE_ TRANSMISSION_ COUNTER - 1)  * powerRampingStep; 

- instruct the physical layer to transmit a preamble using the selected PRACH, corresponding RA-RNTI, preamble 
index and PREAMBLE RECEIVED TARGET POWER. 

5 . 1 .4 

- - -

Random Access Response reception 

Once the Random Access Preamble is transmitted and regardless of the possible occurrence of a measurement gap, the 
UE shall monitor the PDCCH for Random Access Response(s) identified by the RA-RNTI defined below, in the RA 
Response window which starts at the subframe that contains the end of the preamble transmission [7] plus three 
subframes and has length ra-ResponseWindowSize subframes. The RA-RNTI associated with the PRACH in which the 
Random Access Preamble is transmitted, is computed as: 

RA-RNTI= 1 + t_id+ l O*f_id 

Where t_id is the index of the first subframe of the specified PRACH (0:S t_id <10), and f_id is the index of the 
specified PRACH within that subframe, in ascending order of frequency domain (0:S f_id< 6). The UE may stop 
monitoring for Random Access Response(s) after successful reception of a Random Access Response containing 
Random Access Preamble identifiers that matches the transmitted Random Access Preamble. 

- If a downlink assignment for this TTI has been received on the PDCCH for the RA-RNTI and the received TB is 
successfully decoded, the UE shall regardless of the possible occurrence ofa measurement gap: 

if the Random Access Response contains a Backoff Indicator sub header: 

- set the backoffparameter value in the UE as indicated by the BI field of the Backoff indicator subheader 
and Table 7.2- 1 .  

- else, set the backoff parameter value in the UE to O ms. 

- if the Random Access Response contains a Random Access Preamble identifier corresponding to the 
transmitted Random Access Preamble (see subclause 5 .1 .3), the UE shall: 

- consider this Random Access Response reception successful; 

- process the received Timing Advance Command (see subclause 5.2); 

- indicate the preambleinitialReceivedTargetPower and the amount of power ramping applied to the latest 
preamble transmission to lower layers (i.e., (PREAMBLE_ TRANSMISSION_ COUNTER - 1)  * 
powerRampingStep ); 

- process the received UL grant value and indicate it to the lower layers; 

- if ra-Preamblelndex was explicitly signalled and it was not 000000 (i.e. , not selected by MAC): 
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consider the Random Access procedure successfully completed. 
else, if the Random Access Preamble was selected by UE MAC: 

set the Temporary C-RNTI to the value received in the Random Access Response message no later than at the time of the first transmission corresponding to the UL grant provided in the Random Access Response message; 
if this is the first successfully received Random Access Response within this Random Access procedure: 

if the transmission is not being made for the CCCH logical channel, indicate to the Multiplexing and assembly entity to include a C-RNTI MAC control element in the subsequent uplink transmission; 
obtain the MAC PDU to transmit from the "Multiplexing and assembly" entity and store it in the Msg3 buffer. 

NOTE: When an uplink transmission is required, e.g., for contention resolution, the el\113 should not provide a grant smaller than 56 bits in the Random Access Response. 
NOTE: If within a Random Access procedure, an uplink grant provided in the Random Access Response for the same group of Random Access Preambles has a different size than the first uplink grant allocated during that Random Access procedure, the UE behavior is not defined. 

If no Random Access Response is received within the RA Response window, or if none of all received Random Access Responses contains a Random Access Preamble identifier corresponding to the transmitted Random Access Preamble, the Random Access Response reception is considered not successful and the UE shall: 
increment PREAMBLE_ TRANSMISSION_ COUNTER by 1 ;  
If PREA.MBLE_TRANSMISSION_COUNTER = preambleTransMax + 1 :  

indicate a Random Access problem to upper layers. 
if in this Random Access procedure, the Random Access Preamble was selected by MAC: 

based on the backoff parameter in the UE, select a random backoff time according to a uniform distribution between O and the BackoffParameter Value; 
delay the subsequent Random Access transmission by the backoff time; 

proceed to the selection of a Random Access Resource (see subclause 5 . 1 .2). 
5. 1 .5 Contention Resolution 

Contention Resolution is based on either C-RNTI on PDCCH or UE Contention Resolution Identity on DL-SCH. 
Once Msg3 is transmitted, the UE shall: 

start mac-ContentionResolutionTimer and restart mac-ContentionResolutionTimer at each HARQ retransmission; 
regardless of the possible occurrence of a measurement gap, monitor the PDCCH until mac­
ContentionResolutionTimer expires or is stopped; 
if notification of a reception of a PDCCH transmission is received from lower layers, the UE shall: 

if the C-RNTI MAC control element was included in Msg3 : 
if the Random Access procedure was initiated by the MAC sublayer itself and the PDCCH transmission is addressed to the C-RNTI and contains an UL grant for a new transmission; or 
if the Random Access procedure was initiated by a PDCCH order and the PDCCH transmission is addressed to the C-RNTI: 
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consider this Contention Resolution successful; 
stop mac-ContentionResolutionTimer; 

discard the Temporary C-RNTI; 
consider this Random Access procedure successfully completed. 

UT09-1365 

else if the CCCH SDU was included in Msg3 and the PDCCH transmission is addressed to its Temporary C­RNTI: 
if the MAC PDU is successfully decoded: 

stop mac-ContentionResolutionTimer; 

if the MAC PDU contains a UE Contention Resolution Identity MAC control element; and 
if the UE Contention Resolution Identity included in the MAC control element matches the CCCH SDU transmitted in Msg3: 

consider this Contention Resolution successful and finish the disassembly and demultiplexing of the MAC PDU; 
set the C-RNTI to the value of the Temporary C-RNTI; 
discard the Temporary C-RNTI; 
consider this Random Access procedure successfully completed. 

else 
discard the Temporary C-RNTI; 
consider this Contention Resolution not successful and discard the successfully decoded MAC PDU. 

if mac-ContentionResolutionTimer expires: 
discard the Temporary C-RNTI; 
consider the Contention Resolution not successful. 

if the Contention Resolution is considered not successful the UE shall: 
flush the HARQ buffer used for transmission of the MAC PDU in the Msg3 buffer; 
increment PREAMBLE_ TRANSMISSION_ COUNTER by 1 ;  
If PREAMBLE_ TRANSMISSION_ COUNTER = preambleTransMax + 1 :  

indicate a Random Access problem to upper layers. 
based on the backoff parameter in the UE, select a random backoff time according to a uniform distribution between O and the BackoffParameter Value; 
delay the subsequent Random Access transmission by the backoff time; 
proceed to the selection of a Random Access Resource (see subclause 5 . 1 .2). 

5. 1 .6 Completion of the Random Access procedure 

At successful completion of the Random Access procedure, the UE shall: 
discard explicitly signalled ra-Preamblelndex and ra-PRACH-Masklndex, if any; 
flush the HARQ buffer used for transmission of the MAC PDU in the Msg3 buffer. 
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5.2 Maintenance of Up l ink  Time Al ignment 

The UE has a configurable timer timeAlignmentTimer which is used to control how long the UE is considered uplink 
time aligned [8]. 

The UE shall: 

- when a Timing Advance Command M.A.C control element is received: 

- apply the Timing Advance Command; 

- start or restart timeAlignmentTimer. 

- when a Timing Advance Command is received in a Random Access Response message: 

- if the Random Access Preamble was not selected by UE MAC: 

- apply the Timing Advance Command; 

start or restart timeAlignmentTimer. 

- else, if the timeAlignmentTimer is not running: 

- apply the Timing Advance Command; 

- start timeAlignmentTimer; 

- when the contention resolution is considered not successful as described in subclause 5. 1.5, stop 
timeAlignmentTimer. 

- else: 

- ignore the received Timing Advance Command. 

- when timeAlignmentTimer expires: 

5.3 

- flush all HARQ buffers; 

- notify RRC to release PUCCH/SRS; 

- clear any configured downlink assignments and uplink grants. 

DL-SCH data transfer 

5.3. 1 DL Assignment reception 

Downlink assignments transmitted on the PDCCH indicate if there is a transmission on the DL-SCH for a particular UE 
and provide the relevant HARQ information. 

When the UE has a C-RNTI, Semi-Persistent Scheduling C-RNTI, or Temporary C-RNTI, the UE shall for each TTI 
during which it monitors PDCCH: 

- if a downlink assignment for this TTI has been received on the PDCCH for the UE' s C-RNTI, or Temporary 
C-RNTI: 

- if this is the first downlink assignment for this Temporary C-RNTI: 

- consider the NDI to have been toggled. 

- if the downlink assignment is for UE's C-RNTI and if the previous downlink assignment indicated to the 
HARQ entity of the same HARQ process was either a downlink assignment received for the UE's Semi­
Persistent Scheduling C-RNTI or a configured downlink assignment: 

- consider the NDI to have been toggled regardless of the value of the NDL 
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indicate the presence of a downlink assignment and deliver the associated HARQ information to the HARQ 
entity for this TTL 

else, if a downlink assignment for this TTI has been received on the PDCCH for the UE's Semi-Persistent 
Scheduling C-RNTI: 

if the NDI in the received HARQ information is 1: 

consider the NDI not to have been toggled; 

indicate the presence of a downlink assignment and deliver the associated HARQ information to the 
HARQ entity for this TTL 

else, if the NDI in the received HARQ information is 0: 

if PDCCH contents indicate SPS release: 

clear the configured downlink assignment (if any); 

if timeAlignmentTimer is running: 

indicate a positive acknowledgement for the downlink SPS release to the physical layer. 

else: 

store the downlink assignment and the associated HARQ information as configured downlink 
assignment; 

initialise (if not active) or re-initialise (if already active) the configured downlink assignment to start 
in this TTI and to recur according to rules in subclause 5 .10.1; 

set the HARQ Process ID to the HARQ Process ID associated with this TTI; 

consider the NDI bit to have been toggled; 

indicate the presence of a configured downlink assignment and deliver the stored HARQ information 
to the HARQ entity for this TTL 

else, if a downlink assignment for this TTI has been configured and there is no measurement gap in this TTI and 
this TTI is not an MBSFN subframe: 

instruct the physical layer to receive, in this TTI, transport block on the DL-SCH according to the configured 
downlink assignment and to deliver it to the HARQ entity; 

set the HARQ Process ID to the HARQ Process ID associated with this TTI; 

consider the NDI bit to have been toggled; 

indicate the presence of a configured downlink assignment and deliver the stored HARQ information to the 
HARQ entity for this TTL 

For configured downlink assignments, the HARQ Process ID associated with this TTI is derived from the following 
equation: 

HARQ Process ID = [floor(CURRENT_TTI/(Downlink Semi-Persistent Scheduling Interval))] modulo Number of 
Configured SPS Processes, 

where CURRENT_TTI=[(SFN * 10) + subframe number], Downlink Semi-Persistent Scheduling Interval is the 
periodicity of semi-persistent scheduling signalled via RRC and Number of Configured SPS Processes is the number of 
HARQ processes allocated for semi-persistent scheduling signalled via RRC. 

When the UE needs to read BCCH, the UE may, based on the scheduling information from RRC: 

if a downlink assignment for this TTI has been received on the PDCCH for the SI-RNTI; 

if the redundancy version is not defined in the PDCCH format: 
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the redundancy version of the received do\\-nlink assignment for this TTI is determined by RVK = 
ceiling(3/2*k) modulo 4, where k depends on the type of system information message: for 
SystemlriformationBlockTypel message, k = (SFN/2) modulo 4, where SFN is the system frame number; 
for Systemlnformation messages, k=i modulo 4, i =O, 1 ,  . . .  , n5w-1 , where i denotes the subframe number 
within the SI window n5 w; 

indicate a downlink assignment and redundancy version for the dedicated broadcast HARQ process to the 
HARQ entity for this TTI. 

5.3 .2 HARQ operation 

5 .3.2 . 1  HARQ Entity 

There is one HARQ entity at the UE which maintains a number of parallel HARQ processes. Each HARQ process is 
associated with a HARQ process identifier. The HARQ entity directs HARQ information and associated TBs received 
on the DL-SCH to the corresponding HARQ processes (see subclause 5 .3 .2.2). 

The number ofDL HARQ processes is specified in [2], clause 7. 

When the physical layer is configured for spatial multiplexing [2] , one or two TBs are expected per subframe and they 
are associated with the same HARQ process. Otherwise, one TB is expected per subframe. 

The UE shall: 

If a downlink assignment has been indicated for this TTI: 

allocate the TB(s) received from the physical layer and the associated HARQ information to the HARQ 
process indicated by the associated HARQ information. 

If a downlink assignment has been indicated for the broadcast HARQ process: 

allocate the received TB to the broadcast HARQ process. 

NOTE: In case ofBCCH a dedicated broadcast HARQ process is used. 

5.3.2 .2 HARO process 

For each subframe where a transmission takes place for the HARQ process, one or two (in case of spatial multiplexing) 
TBs and the associated HARQ information are received from the HARQ entity. 

For each received TB and associated HARQ information, the HARQ process shall: 

if the NDI, when provided, has been toggled compared to the value of the previous received transmission 
corresponding to this TB; or 

if the HARQ process is equal to the broadcast process and if this is the first received transmission for the TB 
according to the system information schedule indicated by RRC; or 

if this is the very first received transmission for this TB (i.e. there is no previous NDI for this TB): 

consider this transmission to be a new transmission. 

else: 

consider this transmission to be a retransmission. 

The UE then shall: 

if this is a new transmission: 

replace the data currently in the soft buffer for this TB with the received data. 

else if this is a retransmission: 

if the data has not yet been successfully decoded: 
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- combine the received data with the data currently in the soft buffer for this TB. 
- if the TB size is different from the last valid TB size signalled for this TB: 

- the UE may replace the data currently in the soft buffer for this TB with the received data. 
- attempt to decode the data in the soft buffer for this TB; 
- if the data in the soft buffer was successfully decoded for this TB: 

- if the HARQ process is equal to the broadcast process: 
- deliver the decoded MAC PDU to upper layers. 

- else if this is the first successful decoding of the data in the soft buffer for this TB: 
- deliver the decoded MAC PDU to the disassembly and demultiplexing entity. 

- generate a positive acknowledgement (ACK) of the data in this TB. 
- else: 

- generate a negative acknowledgement (NACK) of the data in this TB. 

UT09-1365 

- if the HARQ process is associated with a transmission indicated with a Temporary C-RNTI and the Contention Resolution is not yet successful (see subclause 5 . 1 .5); or 
- if the HARQ process is equal to the broadcast process; or 
- if timeAlignmentTimer is stopped or expired: 

do not indicate the generated positive or negative acknowledgement to the physical layer. 
- else: 

- indicate the generated positive or negative acknowledgement for this TB to the physical layer. 
• The UE shall ignore NDI received in all downlink assignments on PDCCH for its Temporary C-RNTI when determining ifNDI on PDCCH for its C-RNTI has been toggled compared to the value in the previous transmission. 
5.3.3 Disassembly and demultiplexing 

The UE shall disassemble and demultiplex a MAC PDU as defined in subclause 6. 1 .2.  

5.4 U L-SCH data transfer 

5.4. 1 UL Grant reception 

In order to transmit on the UL-SCH the UE must have a valid uplink grant ( except for non-adaptive HARQ retransmissions) which it may receive dynamically on the PDCCH or in a Random Access Response or which may be configured semi-persistently. To perform requested transmissions, the MAC layer receives HARQ information from lower layers. 
When timeAlignmentTimer is running and the UE has a C-RNTI, Semi-Persistent Scheduling C-RNTI, or Temporary C­RNTI, the UE shall for each TTI 

- if an uplink grant for this TTI has been received on the PDCCH for the UE's C-RNTI or Temporary C-RNTI; or 
- if an uplink grant for this TTI has been received in a Random Access Response: 

if the uplink grant is for UE's C-RNTI and if the previous uplink grant delivered to the HARQ entity for the same HARQ process was either an uplink grant received for the UE's Semi-Persistent Scheduling C-RNTI or a configured uplink grant: 
- consider the NDI to have been toggled regardless of the value of the NDI. 
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- deliver the uplink grant and the associated HARQ information to the HARQ entity for this TTL 
UT09-1365 

- else, if an uplink grant for this TTI has been received on the PDCCH for the UE's Semi-Persistent Scheduling C-RNTI: 
- if the NDI in the received HARQ information is 1 :  

- consider the NDI not to have been toggled; 
- deliver the uplink grant and the associated HARQ information to the HARQ entity for this TTL 

- else if the NDI in the received HARQ information is 0 :  
- if PDCCH contents indicate SPS release: 

- clear the configured uplink grant (if any). 
- else: 

- store the uplink grant and the associated HARQ information as configured uplink grant; 
- initialise (if not active) or re-initialise ( if already active) the configured uplink grant to start in this TTI and to recur according to rules in subclause 5. 10 .2; 
- consider the NDI bit to have been toggled; 
- deliver the configured uplink grant and the associated HARQ information to the HARQ entity for this TTI. 

- else, if an uplink grant for this TTI has been configured: 
- consider the NDI bit to have been toggled; 
- deliver the configured uplink grant, and the associated HARQ information to the HARQ entity for this TTI. 

NOTE: The period of configured uplink grants is expressed in TTis. 
NOTE: If the UE receives both a grant in a Random Access Response and a grant for its C-RNTI or Semi persistent scheduling C-RNTI requiring transmissions in the same UL subframe, the UE may choose to continue with either the grant for its RA-RNTI or the grant for its C-RNTI or Semi persistent scheduling C-RNTI. 
NOTE: When a configured uplink grant is indicated during a measurement gap and indicates an UL-SCH transmission during a measurement gap, the UE processes the grant but does not transmit on UL-SCH. 

5.4.2 HARQ operation 

5 .4 .2 . 1  HARQ ent ity 

There is one HARQ entity at the UE, which maintains a number of parallel HARQ processes allowing transmissions to take place continuously while waiting for HARQ the feedback on the successful or unsuccessful reception of previous transmissions. 
The number of parallel HARQ processes is specified in [2] , clause 8. 
At a given TTI, if an uplink grant is indicated for the TTI, the HARQ entity identifies the HARQ process for which a transmission should take place. It also routes the received HARQ feedback (ACK/NACK information), MCS and resource, relayed by the physical layer, to the appropriate HARQ process. 
When TTI bundling is configured, the parameter TTI_BUNDLE_SIZE provides the number ofTTis of a TTI bundle. TTI bundling operation relies on the HARQ entity for invoking the same HARQ process for each transmission that is part of the same bundle. Within a bundle HARQ retransmissions are non-adaptive and triggered without waiting for feedback from previous transmissions according to TTI _BUNDLE_ SIZE. The HARQ feedback of a bundle is only received for the last TTI of the bundle (i.e the TTI corresponding to TTI_BUNDLE_SIZE), regardless of whether a 
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transmission in that TTI takes place or not (e.g. when a measurement gap occurs). A retransmission of a TTI bundle is 
also a TTI bundle. 

For transmission of Msg3 during Random Access ( see section 5 . 1 .5) TTI bundling does not apply. 

For each TTI, the HARQ entity shall: 

identify the HARQ process associated with this TTI; 

if an uplink grant has been indicated for this TTI: 

if the received grant was not addressed to a Temporary C-RNTI on PDCCH and if the NDI provided in the 
associated HARQ information has been toggled compared to the value in the previous transmission of this 
HARQ process; or 

if the uplink grant was received on PDCCH for the C-RNTI and the HARQ buffer of the identified process is 
empty; or 

if the uplink grant was received in a Random Access Response: 

if there is a MAC PDU in the Msg3 buffer and the uplink grant was received in a Random Access 
Response: 

obtain the MAC PDU to transmit from the Msg3 buffer. 

else: 

obtain the MAC PDU to transmit from the "Multiplexing and assembly" entity; 

deliver the MAC PDU and the uplink grant and the HARQ information to the identified HARQ process; 

instruct the identified HARQ process to trigger a new transmission. 

else: 

deliver the uplink grant and the HARQ information (redundancy version) to the identified HARQ 
process; 

instruct the identified HARQ process to generate an adaptive retransmission. 

else, if the HARQ buffer of the HARQ process corresponding to this TTI is not empty: 

instruct the identified HARQ process to generate a non-adaptive retransmission. 

When determining ifNDI has been toggled compared to the value in the previous transmission UE shall ignore NDI 
received in all uplink grants on PDCCH for its Temporary C-RNTI. 

5 .4.2.2 HARQ process 

Each HARQ process is associated with a HARQ buffer. 

Each HARQ process shall maintain a state variable CURRENT_ TX_ NB, which indicates the number of transmissions 
that have taken place for the MAC PDU currently in the buffer, and a state variable HARQ_FEEDBACK, which 
indicates the HARQ feedback for the MAC PDU currently in the buffer. When the HARQ process is established, 
CURRENT_TX_NB shall be initialize-d to 0. 

The sequence of redundancy versions is 0, 2, 3, I .  The variable CURRENT_IRV is an index into the sequence of 
redundancy versions. This variable is up-dated modulo 4. 

New transmissions are performed on the resource and with the MCS indicated on PDCCH or Random Access 
Response. Adaptive retransmissions are performed on the resource and, if provided, with the MCS indicated on 
PDCCH. Non-adaptive retransmission is performed on the same resource and with the same MCS as was used for the 
last made transmission attempt. 

The UE is configured with a Maximum number ofHARQ transmissions and a Maximum number ofMsg3 HARQ 
transmissions by RRC: maxHARQ-Tx and maxHARQ-Msg3Tx respectively. For transmissions on all HARQ processes 
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and all logical channels except for transmission of a MAC PDU stored in the Msg3 buffer, the maximum number of 
transmissions shall be set to maxHARQ-Tx. For transmission ofa MAC PDU stored in the Msg3 buffer, the maximum 
number of transmissions shall be set to maxHARQ-Msg3Tx. 

When the HARQ feedback is received for this TB, the HARQ process shall: 

set HARQ_FEEDBACK to the received value. 

If the HARQ entity requests a new transmission, the HARQ process shall: 

set CURRENT_ TX_ NB to O; 

set CURRENT_IRV to O ;  

store the MAC PDU in the associated HARQ buffer; 

store the uplink grant received from the HARQ entity; 

set HARQ_FEEDBACK to NACK; 

generate a transmission as described below. 

If the HARQ entity requests a retransmission, the HARQ process shall: 

increment CURRENT_ TX_ NB by I ;  

if the HARQ entity requests an adaptive retransmission: 

store the uplink grant received from the HARQ entity; 

set CURRENT_IRV to the index corresponding to the redundancy version value provided in the HARQ 
information; 

set HARQ_FEEDBACK to NACK; 

generate a transmission as described below. 

else if the HARQ entity requests a non-adaptive retransmission: 

ifHARQ_FEEDBACK = NACK: 

generate a transmission as described below. 

NOTE: When receiving a HARQ ACK alone, the UE keeps the data in the HARQ buffer. 

NOTE: When no UL-SCH transmission can be made due to the occurrence of a measurement gap, no HARQ 
feedback can be received and a non-adaptive retransmission follows. 

To generate a transmission, the HARQ process shall: 

if the MAC PDU was obtained from the Msg3 buffer; or 

if there is no measurement gap at the time of the transmission and, in case of retransmission, the retransmission 
does not collide with a transmission for a MAC PDU obtained from the Msg3 buffer in this TTI: 

instruct the physical layer to generate a transmission according to the stored uplink grant with the redundancy 
version corresponding to the CURRENT_IRV value; 

increment CURRENT _IRV by I ;  
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if there is a measurement gap at the time of the HARQ feedback reception for this transmission and if the MAC PDU was not obtained from the Msg3 buffer: 
set HARQ_FEEDBACK to ACK at the time of the HARQ feedback reception for this transmission. 

After performing above actions, the HARQ process then shall: 
if CURRENT TX NB = maximum number of transmissions - 1 :  

flush the HARQ buffer; 

5.4.3 Multiplexing and assembly 

5.4.3. 1 Logical channel prioritization 

The Logical Channel Prioritization procedure is applied when a new transmission is performed. 
RRC controls the scheduling of uplink data by signalling for each logical channel: priority where an increasing priority value indicates a lower priority level, prioritisedBitRate which sets the Prioritized Bit Rate (PBR), bucketSizeDuration which sets the Bucket Size Duration (BSD). 
The UE shall maintain a variable Bj for each logical channel j. Bj shall be initialized to zero when the related logical channel is established, and incremented by the product PBR x TTI duration for each TTI, where PBR is Prioritized Bit Rate of logical channel j .  However, the value ofBj can never exceed the bucket size and if the value ofBj is larger than the bucket size of logical channel j, it shall be set to the bucket size. The bucket size of a logical channel is equal to PBR x BSD, where PBR and BSD are configured by upper layers. 
The UE shall perform the following Logical Channel Prioritization procedure when a new transmission is performed: 

The UE shall allocate resources to the logical channels in the following steps: 
Step 1 :  All the logical channels with Bj > 0 are allocated resources in a decreasing priority order. If the PBR of a radio bearer is set to "infinity", the UE shall allocate resources for all the data that is available for transmission on the radio bearer before meeting the PBR of the lower priority radio bearer(s); 
Step 2: the UE shall decrement Bj by the total size of MAC SDUs served to logical channel j  in Step 1 

NOTE: The value ofBj can be negative. 
Step 3 :  if any resources remain, all the logical channels are served in a strict decreasing priority order (regardless of the value ofBj) until either the data for that logical channel or the UL grant is exhausted, whichever comes first. Logical channels configured with equal priority should be served equally. 

The UE shall also follow the rules below during the scheduling procedures above: 
the UE should not segment an RLC SDU ( or partially transmitted SDU or retransmitted RLC PDU) if the whole SDU (or partially transmitted SDU or retransmitted RLC PDU) fits into the remaining resources; 
if the UE segments an RLC SDU from the logical channel, it shall maximize the size of the segment to fill the grant as much as possible; 
UE should maximise the transmission of data. 

The UE shall not transmit data for a logical channel corresponding to a radio bearer that is suspended (the conditions for when a radio bearer is considered suspended are defined in [8]). 
For the Logical Channel Prioritization procedure, the UE shall take into account the following relative priority in decreasing order: 

MAC control element for C-RNTI or data from UL-CCCH; 
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- MAC control element for BSR, with exception ofBSR included for padding; 
- MAC control element for PHR; 
- data from any Logical Channel, except data from UL-CCCH; 
- MAC control element for BSR included for padding. 

5.4.3.2 Multiplexing of MAC Control  Elements and MAC SDUs 

UT09-1 365 

The UE shall multiplex MAC control elements and MAC SDUs in a MAC PDU according to subclauses 5 .4.3 . 1  and 6 . 1 .2. 
5.4.4 Scheduling Request 

The Scheduling Request (SR) is used for requesting UL-SCH resources for new transmission. 
When an SR is triggered, it shall be considered as pending until it is cancelled. 
If an SR is triggered and there is no other SR pending, the UE shall set the SR_ COUNTER to 0. 
As long as one SR is pending, the UE shall for each TTI: 

- if no UL-SCH resources are available for a transmission in this TTI: 
- if the UE has no valid PUCCH resource for SR configured in any TTI: initiate a Random Access procedure (see subclause 5 . 1 )  and cancel all pending SRs; 
- else if the UE has a valid PUCCH resource for SR configured for this TTI and if this TTI is not part of a measurement gap: 

- if SR_ COUNTER < dsr-TransMax: 

- increment SR_COUNTER by I ;  
- instruct the physical layer to signal the SR on PUCCH; 

- else: 
- notify RRC to release PUCCH/SRS; 
- clear any configured downlink assignments and uplink grants; 
- initiate a Random Access procedure ( see subclause 5 . 1 )  and cancel all pending SRs. 

- else if UL-SCH resources are available for a new transmission in this TTI, cancel all pending SR(s). 
5.4.5 Buffer Status Reporting 

The Buffer Status reporting procedure is used to provide the serving eNB with information about the amount of data available for transmission in the UL buffers of the UE. RRC controls BSR reporting by configuring the two timers 
periodicBSR-Timer and retxBSR-Timer and by, for each logical channel, optionally signalling logicalChannelGroup which allocates the logical channel to an LCG [8] . 
For the Buffer Status reporting procedure, the UE shall consider all radio bearers which are not suspended and may consider radio bearers which are suspended. 
A Buffer Status Report (BSR) shall be triggered if any of the following events occur: 

- UL data, for a logical channel which belongs to a LCG, becomes available for transmission in the RLC entity or in the PDCP entity (the definition of what data shall be considered as available for transmission is specified in [3] and [ 4] respectively) and either the data belongs to a logical channel with higher priority than the priorities of the logical channels which belong to any LCG and for which data is already available for transmission, or there is no data available for transmission for any of the logical channels which belong to a LCG, in which case the BSR is referred below to as "Regular BSR"; 
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UL resources are allocated and number of padding bits is equal to or larger than the size of the Buffer Status 
Report MAC control element plus its subheader, in which case the BSR is referred below to as "Padding B SR"; 

retxBSR-Timer expires and the UE has data available for transmission for any of the logical channels which 
belong to a LCG, in which case the BSR is referred below to as "Regular BSR"; 

- periodicBSR-Timer expires, in which case the BSR is referred below to as "Periodic BSR" . 

For Regular and Periodic BSR: 

if more than one LCG has data available for transmission in the TTI where the BSR is transmitted: report Long 
BSR; 

else report Short BSR. 

For Padding BSR: 

if the number of padding bits is equal to or larger than the size of the Short BSR plus its subheader but smaller 
than the size of the Long BSR plus its sub header: 

if more than one LCG has data available for transmission in the TTI where the BSR is transmitted: report 
Truncated BSR of the LCG with the highest priority logical channel with data available for transmission; 

else report Short BSR. 

else if the number of padding bits is equal to or larger than the size of the Long BSR plus its subheader, report 
Long BSR. 

If the Buffer Status reporting procedure determines that at least one B SR has been triggered since the last transmission 
of a BSR or if this is the first time that at least one BSR is triggered: 

if the UE has UL resources allocated for new transmission for this TTI: 

instruct the Multiplexing and Assembly procedure to generate a BSR MAC control element; 

start or restart periodicBSR-Timer except when the BSR is a Truncated BSR; 

start or restart retxBSR-Timer. 

else if a Regular BSR has been triggered: 

a Scheduling Request shall be triggered. 

A MAC PDU shall contain at most one MAC BSR control element, even when multiple events trigger a BSR by the 
time a BSR can be transmitted in which case the Regular BSR and the Periodic BSR shall have precedence over the 
padding BSR. 

The UE shall restart retxBSR-Timer upon indication of a grant for transmission of new data on UL-SCH. 

All triggered BSRs shall be cancelled in case the UL grant can accommodate all pending data available for transmission 
but is not sufficient to additionally accommodate the B SR MAC control element plus its subheader. All triggered BSRs 
shall be cancelled when a BSR is included in a MAC PDU for transmission. 

5.4 .6 Power Headroom Reporting 

The Power Headroom reporting procedure is used t o  provide the serving eNB with information about the difference 
between the nominal UE maximum transmit power and the estimated power for UL-SCH transmission. The reporting 
period, delay and mapping of Power Headroom are defined in subclause 9.1.8 of [9] .  RRC controls Power Headroom 
reporting by configuring the two timers periodicPHR-Timer andprohibitPHR-Timer, and by signalling dl­
PathlossChange which sets the change in measured downlink pathloss to trigger a PHR [8].  

A Power Headroom Report (PHR) shall be triggered if any of the following events occur: 

- prohibitPHR-Timer expires or has expired and the path loss has changed more than dl-PathlossChange dB since 
the transmission of a PHR when UE has UL resources for new transmission; 
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- periodicPHR-Timer expires; 

upon configuration or reconfiguration of the power headroom reporting functionality by upper layers [8] ,  which 
is not used to disable the function. 

If the UE has UL resources allocated for new transmission for this TTI: 

5.5 

if it is the first UL resource allocated for a new transmission since the last MAC reset, start periodicPHR-Timer; 

if the Power Headroom reporting procedure determines that at least one PHR has been triggered since the last 
transmission of a PHR or this is the first time that a PHR is triggered, and; 

if the allocated UL resources can accommodate a PHR MAC control element plus its subheader as a result of 
logical channel prioritization: 

obtain the value of the power headroom from the physical layer; 

instruct the Multiplexing and Assembly procedure to generate and transmit a PHR MAC control element 
based on the value reported by the physical layer; 

start or restartperiodicPHR-Timer; 

start or restartprohibitPHR-Timer; 

cancel all triggered PHR(s). 

PCH reception 

When the UE needs to receive PCH, the UE shall: 

5.6 

if a PCH assignment has been received on the PDCCH for the P-RNTI: 

attempt to decode the TB on the PCH as indicated by the PDCCH information. 

if a TB on the PCH has been successfully decoded: 

deliver the decoded MAC PDU to upper layers. 

BCH reception 

When the UE needs to receive BCH, the UE shall: 

receive and attempt to decode the BCH; 

5.7 

if a TB on the BCH has been successfully decoded: 

deliver the decoded MAC PDU to upper layers. 

Discontinuous Reception (DRX) 

The UE may be configured by RRC "''ith a DRX functionality that controls the UE's PDCCH monitoring activity for 
the UE's C-RNTI, TPC-PUCCH-RNTI, TPC-PUSCH-RNTI and Semi-Persistent Scheduling C-RNTI (if configured). 
When in RRC _ CONNECTED, ifDRX is configured, the UE is allowed to monitor the PDCCH discontinuously using 
the DRX operation specified in this subclause; otherwise the UE monitors the PDCCH continuously. When using DRX 
operation, the UE shall also monitor PDCCH according to requirements found in other subclauses of this specification. 
RRC controls DRX operation by configuring the timers onDurationTimer, drx-InactivityTimer, drx­
RetransmissionTimer (one per DL HARQ process except for the broadcast process), the longDRX-Cycle, the value of 
the drxStartOffeet and optionally the drxShortCycleTimer and shortDRX-Cycle. A HARQ RTT timer per DL HARQ 
process (except for the broadcast process) is also defined (see subclause 7.7). 

When a DRX cycle is configured, the Active Time includes the time while: 

44 
IPR2024-00607 

Petitioners' Ex. 1008 
Ex.1008.00050



Section 5 UT09-1365 

onDurationTimer or drx-InactivityTimer or drx-RetransmissionTimer or mac-ContentionResolutionTimer (as 
described in subclause 5 .1.5) is running; or 

a Scheduling Request sent on PUCCH is pending (as described in subclause 5.4.4); or 

an uplink grant for a pending HARQ retransmission can occur and there is data in the corresponding HARQ 
buffer; or 

a PDCCH indicating a new transmission addressed to the C-RNTI of the UE has not been received after 
successful reception of a Random Access Response for the preamble not selected by the UE (as described in 
subclause 5.1.4). 

When DRX is configured, the UE shall for each subframe: 

If the Short DRX Cycle is used and [(SFN * 10} + subframe number] modulo (shortDRX-Cycle) = 
(drxStartOff.set} modulo (shortDRX-Cycle); or 

if the Long DRX Cycle is used and [(SFN * 10) + subframe number] modulo (longDRX-Cycle) = drxStartOff.set: 

start onDurationTimer. 

if a HARQ RTT Timer expires in this subframe and the data in the soft buffer of the corresponding HARQ 
process was not successfully decoded: 

start the drx-RetransmissionTimer for the corresponding HARQ process. 

if a DRX Command MAC control element is received: 

stop onDurationTimer; 

stop drx-InactivityTimer. 

if drx-InactivityTimer expires or a DRX Command MAC control element is received in this subframe: 

if the Short DRX cycle is configured: 

start or restart drxShortCycleTimer; 

use the Short DRX Cycle. 

else: 

use the Long DRX cycle. 

if drxShortCycleTimer expires in this subframe: 

use the Long DRX cycle. 

during the Active Time, for a PDCCH-subframe, if the subframe is not required for uplink transmission for half­
duplex FDD UE operation and if the subframe is not part of a configured measurement gap: 

monitor the PDCCH; 

if the PDCCH indicates a DL transmission or if a DL assignment has been configured for this subframe: 

start the HARQ RTT Timer for the corresponding HARQ process; 

stop the drx-RetransmissionTimer for the corresponding HARQ process. 

if the PDCCH indicates a new transmission (DL or UL): 

start or restart drx-InactivityTimer. 

when not in Active Time, CQI/PML"RI on PUCCH and SRS shall not be reported. 

Regardless of whether the UE is monitoring PDCCH or not the UE receives and transmits HARQ feedback when such 
is expected. 
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NOTE: A UE may optionally choose to not send CQI/PMI/RI reports on PUCCH and/or SRS transmissions for 
up to 4 subframes following a PDCCH indicating a new transmission (UL or DL) received in the last 
subframe of active time. The choice not to send CQI/PMI/RI reports on PUCCH and/or SRS 
transmissions is not applicable for subframes where onDurationTimer is running. 

5.8 MAC reconfiguration 

When a reconfiguration of the MAC entity is requested by upper layers, the UE shall: 

for timers apply the new value when the timer is (re)started; 

when counters are initialized apply the new maximum parameter value; 

for other parameters, apply immediately the configurations received from upper layers. 

5.9 MAC Reset 

If a reset of the MAC entity is requested by upper layers, the UE shall: 

initialize Bj for each logical channel to zero; 

stop (if running) all timers; 

consider timeAlignmentTimer as expired and perform the corresponding actions in subclause 5.2; 

set the NDis for all uplink HARQ processes to the value O; 

stop, if any, ongoing RACH procedure; 

discard explicitly signalled ra-Preambleinde:x and ra-PRA CH-Maskindex, if any; 

flush Msg3 buffer; 

cancel, if any, triggered Scheduling Request procedure; 

cancel, if any, triggered Buffer Status Reporting procedure; 

cancel, if any, triggered Power Headroom Reporting procedure; 

flush the soft buffers for all DL HARQ processes; 

for each DL HARQ process, consider the next received transmission for a TB as the very first transmission; 

release, if any, Temporary C-RNTI. 

5. 1 0  Semi-Persistent Schedu l ing 

When Semi-Persistent Scheduling is enabled by RRC, the follo\\-ing information is provided [8]: 

Semi-Persistent Scheduling C-RNTI; 

Uplink Semi-Persistent Scheduling interval semiPersistSchedintervalUL and number of empty transmissions 
before implicit release implicitReleaseAfier, if Semi-Persistent Scheduling is enabled for the uplink; 

Whether nvolntervalsConfig is enabled or disabled for uplink, only for TDD; 

Downlink Semi-Persistent Scheduling interval semiPersistSchedlntervalDL and number of configured HARQ 
processes for Semi-Persistent Scheduling numberOJConjSPS-Processes, if Semi-Persistent Scheduling is 
enabled for the downlink; 

When Semi-Persistent Scheduling for uplink or downlink is disabled by RRC, the corresponding configured grant or 
configured assignment shall be discarded. 
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5. 1 0 . 1  Down l ink 

After a Semi-Persistent do""nlink assignment i s  configured, the UE shall consider that the assignment recurs in each 
subframe for which: 

- (10 * SFN + subframe) = [(10 * SFNstart time + subframestart time) + N * semiPersistSchedlntervalDL] modulo 
I 0240, for all N>0. 

Where SFNstarttime and subframestart time are the SFN and subframe, respectively, at the time the configured downlink 
assignment were (re-)initialised. 

5. 1 0.2 U pl ink 

After a Semi-Persistent Scheduling uplink grant i s  configured, the UE shall: 

- if twolntervalsConfig is enable-d by upper layer: 

- set the Subframe_ Offset according to Table 7.4-1. 

- else: 

- set Subframe Offset to 0 .  

- consider that the grant recurs in each subframe for which: 

( IO * SFN + subframe) = [(10 * SFNstart time + subframestart time) + N * semiPersistSchedlntervalUL + 
Subframe_Offset * (N modulo 2)] modulo 10240, for all N>0. 

Where SFNstarttime and subframestart time are the SFN and subframe, respectively, at the time the configured uplink grant 
were (re-)initialised. 

The UE shall clear the configured uplink grant immediately after implicitReleaseAfier [8] number of consecutive new 
MAC PDUs each containing zero MAC SDUs have been provided by the Multiplexing and Assembly entity, on the 
Semi-Persistent Scheduling resource. 

NOTE: Retransmissions for Semi-Persistent Scheduling can continue after clearing the configured uplink grant. 

5.1 1 Handling of unknown, unforeseen and erroneous protocol 
data 

When a MAC entity receives a MAC POU for the UE's C-RNTI or Semi-Persistent Scheduling C-RNTI, or by the 
configured do\.vnlink assignment, containing reserved or invalid values, the MAC entity shall: 

discard the received PDU. 

6 Protocol Data Un its , formats and parameters 

6.1 Protocol Data Units 

6. 1 . 1 General  

A MAC POU i s  a bit string that i s  byte aligned (i.e. multiple of 8 bits) in length. In the figures in subclause 6.1, bit 
strings are represented by tables in which the most significant bit is the leftmost bit of the first line of the table, the least 
significant bit is the rightmost bit on the last line of the table, and more generally the bit string is to be read from left to 
right and then in the reading order of the lines. The bit order of each parameter field within a MAC PDU is represented 
with the first and most significant bit in the leftmost bit and the last and least significant bit in the rightmost bit. 

MAC SOU s are bit strings that are byte aligned ( i.e. multiple of 8 bits) in length. An SOU is included into a MAC PDU 
from the first bit onward. 
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The UE shall ignore the value of Reserved bits in downlink MAC PDUs. 

6. 1 .2 MAC POU (DL-SCH and UL-SCH except transparent MAC and 
Random Access Response) 

A MAC PDU consists of a MAC header, zero or more MAC Service Data Units {MAC SDU), zero, or more MAC 
control elements, and optionally padding; as described in Figure 6. 1 .2-3 .  

Both the MAC header and the MAC SDU s are o f  variable sizes. 

A MAC PDU header consists of one or more I\1AC PDU subheaders; each subheader corresponds to either a MAC 
SOU, a MAC control element or padding. 

A MAC PDU subheader consists of the six header fields R/R/E/LCIO/F/L but for the last subheader in the MAC POU 
and for fixed sized MAC control elements. The last subheader in the MAC PDU and subheaders for fixed sized MAC 
control elements consist solely of the four header fields R/R/E/LCID. A MAC PDU subheader corresponding to 
padding consists of the four header fields R/R/E/LCID. 
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Figure 6.1 .2-1 : R/R/E/LCID/F/L MAC sub header 

R R E LCID 

R/R/E/LCID sub-header 

Oct 1 

Figure 6.1 .2-2: R/R/E/LCID MAC subheader 

MAC PDU subheaders have the same order as the corresponding MAC SDUs, MAC control elements and padding. 

MAC control elements are always placed before any MAC SDU. 

Padding occurs at the end of the MAC PDU, except when single-byte or two-byte padding is required. Padding may 
have any value and the UE shall ignore it. When padding is performed at the end of the MAC PDU, zero or more 
padding bytes are allowed. 

\Vhen single-byte or two-byte padding is required, one or two MAC PDU subheaders corresponding to padding are 
placed at the beginning of the MAC PDU before any other MAC PDU subheader. 

A maximum of one MAC PDU can be transmitted per TB per UE. 
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RIR/E/LCID 
sub-header 

RIRIE/LC ID  
sub-header 

MAC header 

RIR/E/LCID/F/L R/RIE/LCIDIF/L 
sub-header sub-header 

MAC Control : MAC Control 
element 1 element 2 

R/RIE/LCID/F/L RIR/EILCID padding ' 
sub-header sub-header 

MAC SDU MAC SDU 

UT09-1365 

Padding 
(opt) 

-- -- ------ - --1V1AC payloan------- -- - -----

Figure 6.1 .2-3: Example of MAC PDU consisting of MAC header, MAC control elements, MAC SDUs 
and padding 

6. 1 .3 MAC Control E lements 

6 . 1 .3. 1 Buffer Status Report MAC Control Elements 

Buffer Status Report (BSR) MAC control elements consist of either: 

- Short BSR and Truncated BSR format: one LCG ID field and one corresponding Buffer Size field (figure 
6.1.3.1-1); or 

- Long BSR format: four Buffer Size fields, corresponding to LCG IDs #0 through #3 (figure 6.1.3.1-2). 

The BSR formats are identified by MAC PDU subheaders with LCIDs as specified in table 6.2.1-2. 

The fields LCG ID and Buffer Size are defined as follow: 

- LCG ID: The Logical Channel Group ID field identifies the group of logical channel(s) which buffer status is 
being reported. The length of the field is 2 bits; 

- Buffer Size: The Buffer Size field identifies the total amount of data available across all logical channels of a 
logical channel group after the MAC PDU has been built. The amount of data is indicated in number of bytes. It 
shall include all data that is available for transmission in the RLC layer and in the PDCP layer; the definition of 
what data shall be considered as available for transmission is specified in [3] and [4] respectively. The size of 
the RLC and MAC headers are not considered in the buffer size computation. The length of this field is 6 bits. 
The values taken by the Buffer Size field are shown in Table 6.1.3. 1-1. 

I I I 

�I _Lc_G_1_o�l� ___ B_u_ff_e_r _s_iz_
e _ _ �I Oct 1 

Fig ure 6.1 .3.1-1 : Short BSR and Truncated BSR MAC control element 
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Buffer 
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Fig ure 6.1 .3.1 -2: Long BSR MAC control element 
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Table 6.1 .3. 1 -1 : Buffer size levels for BSR 

Index Buffer Size (BS) value [bytes] Index Buffer Size (BS) value [bytes] 

0 BS = 0  32 1 1 32 < BS <= 1 326 

1 0 < BS <= 1 0  33 1 326 < BS <= 1 552 

2 1 0  < BS <= 1 2  34 1 552 < BS <= 1 81 7  

3 1 2  < BS <= 1 4  35 1 8 1 7  < BS <= 2 1 27 

4 1 4  < BS <= 1 7  36 2 1 27 < BS <= 2490 

5 1 7  < BS <= 1 9  37 2490 < BS <= 291 5  

6 1 9  < BS <= 22 38 291 5  < BS <= 341 3 

7 22 < BS <= 26 39 341 3 < BS <= 3995 

8 26 < BS <= 31  40 3995 < BS <= 4677 

9 31  < BS <= 36 41 4677 < BS <= 5476 

1 0  3 6  < BS <= 42 42 5476 < BS <= 641 1  

1 1  42 < BS <= 49 43 641 1 < BS <= 7505 

1 2  49 < BS <= 57 44 7505 < BS <= 8787 

1 3  5 7  < BS <= 67 45 8787 < BS <= 1 0287 

14  67 < BS <= 78 46 1 0287 < BS <= 1 2043 

1 5  78 < BS <= 91  47 1 2043 < BS <= 1 4099 

1 6  9 1  < BS <= 1 07 48 1 4099 < BS <= 1 6507 

1 7  1 07 < BS <= 1 25 49 1 6507 < BS <= 1 9325 

1 8  1 25 < BS <= 1 46 50 1 9325 < BS <= 22624 

1 9  1 46 < BS <= 1 71 51 22624 < BS <= 26487 

20 1 71 < BS <= 200 52 26487 < BS <= 31 009 

21  200 < BS <= 234 53 3 1 009 < BS <= 36304 

22 234 < BS <= 274 54 36304 < BS <= 42502 

23 274 < BS <= 321 55 42502 < BS <= 49759 

24 321 < BS <= 376 56 49759 < BS <= 58255 

25 376 < BS <= 440 57 58255 < BS <= 68201 

26 440 < BS <= 51 5 58 68201 < BS <= 79846 

27 5 1 5  < BS <= 603 59 79846 < BS <= 934 79 

28 603 < BS <= 706 60 93479 < BS <= 1 09439 

29 706 < BS <= 826 61  1 09439 < BS <= 1 28 1 25 

30 826 < BS <= 967 62 1 281 25 < BS <= 1 50000 

31 967 < BS <=1 1 32 63 BS > 1 50000 

6. 1 .3.2 C-RNTI MAC Control Element 

The C-RNTI MAC control element is identified by MAC PDU subheader with LCID as specified in table 6.2.1-2. 

It has a fixed size and consists of a single field defined as follows (figure 6. 1 .3.2-1): 

- C-RNTI: This field contains the C-RNTI of the UE. The length of the field is 16 bits. 
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Figure 6.1 .3.2-1 : C-RNTI MAC control element 

DRX Command MAC Contro l Element 

UT09-1365 

The DRX Command MAC control element is identified by a MAC PDU subhead.er with LCID as specified in table 
6.2 . 1-1. 

It has a fixed size of zero bits. 

6.1 .3.4 UE Contention Resolution Identity MAC Control Element 

The UE Contention Resolution Identity MAC control element is identified by MAC PDU subheader with LCID as 
specified in table 6.2. 1-1. This control element has a fixed 48-bit size and consists of a single field defined as follows 
(figure 6.1.3.4-1 )  

- UE Contention Resolution Identity: This field contains the uplink CCCH SDU. 

6 . 1 .3.5 

U E  Contention Resolution Identity 

UE Contention Resolution Identity 

UE Contention Resolution Identity 

UE Contention Resolution Identity 

UE Contention Resolution Identity 

UE Contention Resolution Identity 

Oct 1 

Oct 2 

Oct 3 

Oct 4 

Oct 5 

Oct 6 

Figure 6.1 .3.4-1 : UE Contention Resolution Identity MAC control element 

Timing Advance Command MAC Control Element 

The Timing Advance Command MAC control element is identified by MAC PDU subheader with LCID as specified in 
table 6 .2. 1- 1. 

It has a fixed size and consists of a single octet defined as follows (figure 6. 1.3.5-1): 

- R: reserved bit, set to "0"; 

- Timing Advance Command: This field indicates the index value TA (0, 1, 2 . . .  63) used to control the amount of 
timing adjustment that UE has to apply (see subclause 4.2.3 of [2]). The length of the field is 6 bits. 

R R I Timing Advance Command I Oct 1 

Figure 6.1 .3.5-1 : Timing Advance Command MAC control element 

6 . 1 .3 .6 Power Headroom MAC Control  Element 

The Power Headroom MAC control element is identified by a MAC PDU subheader with LCID as specified in table 
6.2 . 1-2. It has a fixed size and consists of a single octet defined as follows (figure 6. 1.3 .6- 1): 

- R: reserved bit, set to "0";  
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- Power Headroom (PH): this field indicates the power headroom level. The length of the field is 6 bits. The reported PH and the corresponding power headroom levels are shown in Table 6 . 1 .3 .6-1 below (the corresponding measured values in dB can be found in subclause 9 . 1 .8 .4 of [9]). 

6 . 1 .4 

�R�_R ____ __ P_H _ _ __ __Jl 0ci 1 

Figure 6.1 .3.6-1 : Power Headroom MAC control element 

Table 6.1 .3.6-1 : Power Headroom levels for PHR 

PH Power Headroom Level 

0 POWER_HEADROOM_0 
1 POWER_HEADROOM_ 1 
2 POWER HEADROOM 2 
3 POWER H EADROOM 3 
. . .  . . .  

60 POWER H EADROOM 60 
6 1  POWER H EADROOM 6 1  
62 POWER H EADROOM 62 
63 POWER HEADROOM 63 

MAC PDU (transparent MAC) 

A MAC PDU consists solely of a MAC Service Data Unit (MAC SDU) whose size is aligned to a TB; as described in figure 6 . 1 .4- 1 .  

MAC SDU 

--- - - - -- MAC PDv---- - - -- ---,-

Figure 6.1 .4-1 : Example of MAC PDU (transparent MAC} 

6 . 1 .5 MAC PDU (Random Access Response) 

A MAC PDU consists of a MAC header and zero or more MAC Random Access Responses (MAC RAR) and optionally padding as described in figure 6 . 1 .5-4.  
The MAC header is  of variable size. 
A MAC PDU header consists of one or more MAC PDU subheaders; each subheader corresponding to a MAC RAR except for the Backoff Indicator subheader. If included, the Backoff Indicator subheader is only included once and is the first subheader included within the MAC PDU header. 
A MAC PDU subheader consists of the three header fields E/T/RAPID (as described in figure 6 . 1 .5-1) but for the Backoff lndicator subheader which consists of the five header field E/T/R/R/BI (as described in figure 6 . 1 .5 -2). 
A MAC RAR consists of the four fields R/Tirning Advance Command/UL Grant/Temporary C-RNTI (as described in figure 6.1 .5-3). 
Padding may occur after the last MAC RAR. Presence and length of padding is implicit based on TB size, size of MAC header and number of RARs. 
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EIT/R/R/BI 
subheader 

Eff/RAPID 
subheader 1 

�E-----'----
T-------'-I _ __ _ R_A_P_10 _ __ __,l oct 1 

Figure 6.1 .5-1 : EfT/RAPID MAC subheader 
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Figure 6.1 .5-2: EfT/R/R/81 MAC subheader 
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Fig ure 6.1 .5-3: MAC RAR 
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Fig ure 6.1 .5-4: Exam ple of MAC PDU consisting of a MAC header and MAC RARs 

6.2 Formats and parameters 

6.2 . 1  MAC header for DL-SCH and U L-SCH 

The MAC header is of variable size and consists of the following fields: 

- LCID: The Logical Channel ID field identifies the logical channel instance of the corresponding MAC SDU or 
the type of the corresponding MAC control element or padding as described in tables 6.2. 1 -1 and 6.2.1-2 for the 
DL and UL-SCH respectively. There is one LCID field for each MAC SDU, MAC control element or padding 
included in the MAC PDU. In addition to that, one or two additional LCID fields are included in the MAC PDU, 
when single-byte or two-byte padding is required but cannot be achieved by padding at the end of the MAC 
PDU. The LCID field size is 5 bits; 
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- L: The Length field indicates the length of the corresponding MAC SOU in bytes. There is one L field per MAC POU subheader except for the last subheader and subheaders corresponding to fixed-sized MAC control elements. The size of the L field is indicated by the F field; 
- F: The Format field indicates the size of the Length field as indicated in table 6.2. 1-3 .  There is one F field per MAC POU subheader except for the last subheader and subheaders corresponding to fixed-sized MAC control elements. The size of the F field is 1 bit. If the size of the MAC SOU is less than 128 bytes, the UE shall set the value of the F field to 0, otheiwise the UE shall set it to 1 ;  
- E: The Extension field is a flag indicating if more fields are present in the MAC header or not. The E field is set to " 1 "  to indicate another set of at least RJR/E/LCID fields. The E field is set to "0" to indicate that either a MAC SOU, a MAC control element or padding starts at the next byte; 
- R: Reserved bit, set to "O". 

The MAC header and subheaders are octet aligned. 
Table 6.2.1-1 Values of LCID for DL-SCH 

Index LCID values 
00000 CCCH 

00001 -01 01 0 Identity of the logical channel 
0 1 01 1- 1 1 01 1  Reserved 

1 1 1 00 UE Contention Resolution Identity 
1 1 1 01 Timinq Advance Command 
1 1 1 1 0  DRX Command 
1 1 1 1 1  Paddinq 

Table 6.2.1 -2 Values of LCID for UL-SCH 

Index LCID values 
00000 CCCH 

00001-0 1 0 1 0  Identity of the logical channel 
0 1 01 1-1 1 001 Reserved 

1 1 01 0 Power Headroom Report 
1 1 01 1 C-RNTI 
1 1 1 00 Truncated BSR 
1 1 1 01 Short BSR 
1 1 1 1 0 Lonq BSR 
1 1 1 1 1  Padding 

Table 6.2 .1 -3 Values of F field : 

Index Size of LenQth field (in bits) 0 7 
1 1 5  

6.2.2 MAC header for Random Access Response 

The MAC header is of variable size and consists of the following fields: 
- E: The Extension field is a flag indicating if more fields are present in the MAC header or not. The E field is set to " I "  to indicate at least another set of EiT /RAPID fields follows. The E field is set to "O" to indicate that a MAC RAR or padding starts at the next byte; 
- T: The Type field is a flag indicating whether the MAC subheader contains a Random Access ID or a Backoff Indicator. The T field is set to "O" to indicate the presence of a Backoff Indicator field in the subheader (BI). The T field is set to " I "  to indicate the presence of a Random Access Preamble ID field in the subheader (RAPID); 
- R: Reserved bit, set to "O"; 
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- BI: The Backoff Indicator field identifies the overload condition in the cell. The size of the BI field is 4 bits; 

- RAPID: The Random Access Preamble IDentitfier field identifies the transmitted Random Access Preamble (see 
subclause 5.1 .3). The size of the RAPID field is 6 bits. 

The MAC header and subheaders are octet aligned. 

6.2 .3 MAC payload for Random Access Response 

The MAC RAR is of fixed size and consists of the following fields: 

- R: Reserved bit, set to "0"; 

- Timing Advance Command: The Timing Advance Command field indicates the index value TA (0, 1 ,  2 . . .  1282) 
used to control the amount of timing adjustment that UE has to apply (see subclause 4.2.3 of [2]). The size of the 
Timing Advance Command field is 11  bits; 

- UL Grant: The UpLink Grant field indicates the resources to be used on the uplink (see subclause 6.2 of [2]). 
The size of the UL Grant field is 20 bits; 

- Temporary C-RNTI: The Temporary C-RNTI field indicates the temporary identity that is used by the UE during 
Random Access. The size of the Temporary C-RNTI field is 1 6  bits. 

The MAC RAR is octet aligned. 

7 Variab les and constants 

7 . 1 RNTI values 

RNTI values are presented in Table 7. 1 -1 and their usage and associated Transport Channels and Logical Channels are 
presented in Table 7.1-2. 

Table 7.1 -1 : RNTI values. 

Value (hexa-decimal) RNTI 
0000 N/A 

0001 -003C RA-RNTI , C-RNTI , Semi-Persistent Scheduling C-RNTI , 
Temporary C-RNTI, TPC-PUCCH-RNTI and TPC-PUSCH-RNTI 

(see note) 
003D-FFF3 C-RNTI , Semi-Persistent Scheduling C-RNTI , Temporary C-RNTI, 

TPC-PUCCH-RNTI and TPC-PUSCH-RNTI 
FFF4-FFFD Reserved for future use 

FFFE P-RNTI 
FFFF S I-RNTI 

NOTE: The values corresponding to the RA-RNTI values of a cell 's PRACH configuration are not used in the 
cell for any other RNTI (C-RNTI, Semi-Persistent Scheduling C-RNTI, Temporary C-RNTI, TPC­
PUCCH-RNTI or TPC-PUSCH-RNTI). 
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Table 7 .1-2: RNTI usage. 

RNTI Usage Transport Channel 
P-RNTI Paging and System Information change PCH 

notification 
SI-RNTI Broadcast of System Information DL-SCH 
RA-RNTI Random Access Response DL-SCH 

Temporary C-RNTI Contention Resolution DL-SCH 
(when no valid C-RNTI is available} 

Temporary C-RNTI Msg3 transmission UL-SCH 
C-RNTI Dynamically scheduled unicast transmission DL-SCH, UL-SCH 
C-RNTI Triaaerinq of PDCCH ordered random access N/A 

Semi-Persistent Semi-Persistently scheduled unicast DL-SCH, UL-SCH 
Scheduling C-RNTI transmission 

(activation, reactivation and retransmission) 
Semi-Persistent Semi-Persistently scheduled unicast N/A 

Scheduling C-RNTI transmission 
(deactivation) 

TPC-PUCCH-RNTI Phvsical laver Uplink power control N/A 

TPC-PUSCH-RNTI Physical layer Uplink power control N/A 

7.2 Backoff Parameter values 

Backoff Parameter values are presented in Table 7 .2- 1 .  

Table 7.2-1 : Backoff Parameter values. 

Index Backoff Parameter value (ms) 
0 0 
1 1 0  
2 20 
3 30 
4 40 
5 60 
6 80 
7 1 20 
8 1 60 
9 240 

1 0  320 
1 1  480 
1 2  960 
1 3  Reserved 
1 4  Reserved 
1 5  Reserved 

UT09-1365 

Logical Channel 
PCCH 

BCCH 
N/A 

CCCH 

CCCH, DCCH, DTCH 
DCCH, DTCH 

N/A 
DCCH, DTCH 

N/A 

N/A 

N/A 

The reserved values of the backoff parameter if received by the current release version UEs shall be taken as 960 ms. 
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7 .3  PRACH Mask Index values 

Table 7.3-1 : PRACH Mask Index values 

PRACH All owed PRACH (FDD) 
Mask Index 

0 All 
1 PRACH Resource I ndex 0 
2 PRACH Resource I ndex 1 
3 PRACH Resource I ndex 2 
4 PRACH Resource I ndex 3 
5 PRACH Resource I ndex 4 
6 PRACH Resource I ndex 5 
7 PRACH Resource I ndex 6 
8 PRACH Resource Index 7 
9 PRACH Resource Index 8 
1 0  PRACH Resource Index 9 
1 1  Every, in the time domain, even PRACH opportunity 

1 st PRACH Resource I ndex in subframe 
1 2  Every, i n  the time domain , odd PRACH opportunity 

1 st PRACH Resource I ndex in subframe 
1 3  Reserved 
1 4  Reserved 
1 5  Reserved 

7 .4  Subframe Offset values 

Subframe_ Offset values are presented in Table 7.4- 1 .  

Allowed PRACH (TDD) 

All 
PRACH Resource Index 0 
PRACH Resource Index 1 
PRACH Resource Index 2 
PRACH Resource Index 3 
PRACH Resource Index 4 
PRACH Resource Index 5 

Reserved 
Reserved 
Reserved 
Reserved 

Every, in the time domain ,  even PRACH opportunity 
1 st PRACH Resource Index in subframe 

Every, i n  the time domain, odd PRACH opportunity 
1 st PRACH Resource Index in subframe 
1 5

' PRACH Resource I ndex in subframe 
2n° PRACH Resource Index in subframe 
3ra PRACH Resource Index in subframe 

Table 7.4-1 : Subframe_Offset values 

TDD UL/DL configuration Position of i n itial Semi-Persistent grant 
0 NIA 

1 
Subframes 2 and 7 
Subframes 3 and 8 

2 Subframe 2 
Subframe 7 

3 Subframes 2 and 3 
Subframe 4 

4 Subframe 2 
Subframe 3 

5 N/A 
6 N/A 

7 .5  TTI BUN DLE S IZE value - -
The parameter TTI_BUNDLE_SIZE is 4. 

7 .6  DEL TA PREAMBLE values 

Subframe Offset value (ms) 
0 
1 
-1 
5 
-5 
1 

-2 
1 
-1 
0 
0 

The DELTA_PREAMBLE preamble format based power offset values are presented in Table 7.6- 1 .  
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Table 7.6-1 : DELTA_PREAMBLE values. 

Preamble Format DELTA PREAMBLE value 
0 O dB 
1 0 dB 
2 -3 dB 
3 -3 dB 
4 8 dB 

Where the Preamble Format is given by prach-Configlndex [7]. 

7. 7 HARO RTT Timer 

UT09-1365 

For FDD the HARQ RTT Timer is set to 8 subframes. For TDD the HARQ RTT Timer is set to k + 4 subframes, where 
k is the interval between the downlink transmission and the transmission of associated HARQ feedback, as indicated in 
Table 10. 1-1  of [2] . 
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Annex A (normative) :  
Hand l i ng of measurement gaps 

In  a subframe that i s  part ofa measurement gap, the UE shall not perform the transmission ofHARQ feedback and 
CQI/PMI/RI, and SRS shall not be reported. 

59 
IPR2024-00607 

Petitioners' Ex. 1008 
Ex.1008.00065



Section 5 UT09-1 365 

Annex B (informative) :  
Contention resolution for RACH access 
When checking whether contention resolution was successful a UE considers the MAC header structures shown below for the processing of a MAC PDU containing a UE Contention Resolution Identity MAC control element. 

R R E LCID ( l l lOO) 

Case 1: MAC subheaderfor MAC control element 

R R E LCI D  (l l l l l) 

R R E LCI D  ( 1 1 100) 

R R E LCID (00000) 

Case 3: MAC subheader for single-byte padding + 
MAC subheader for MAC control element + 
MAC subheader for MAC SOU (CCCH) 

R R E LCI D  (1 1 1 00) 

R R E LCID (00000) 

F L 

R R E LCID ( l l l l l) 

Case 5: MAC subheader for MAC control element + 
MAC subheader (7-bits L-fleld) for MAC SOU (CCCH) + 
MAC subheader for padding 

60 

R R E LCID ( 1 1 1 00) 

R R E LCID (00000) 

Case 2: MAC subheader for MAC control element + 
MAC subheader for MAC SOU (CCCH) 

R R E LCID (l l l l  1) 

R R E LCID (1 1 1 1 1) 

R R E LCID ( 1 1 100) 

R R E LCID (00000) 

Case 4: MAC subheaders for two-byte padding + 
MAC subheader for MAC control element + 
MAC subheaderfor MAC SOU (CCCH) 

R R E LCID {11 100) 

R R E LCID (00000) 

F L 

L 

R R E LCID (1 1 1 1 1) 

Case 6: MAC subheader for MAC control element + 

! 
i 

MAC subheader (15-bits L-field) for MAC SOU (CCCH) + 
MAC subheader for padding 
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Annex C (informative) :  
Change history 

Change history 
Date. • . .  TSG # •·· •· TSG Doc; CR . Rev. Subject/Corrirrient . _ ·, ::. : •/. " •·-. • .. - · . • • •">", -• · · Old - ·•- New 
2007-06 RAN2#58 R2-07271 0 MAC Protocol Specification Baseline -

bis 
2007-06 RAN2#58 R2-07291 2 Text Proposal for UL HARO (Tdoc R2-072708) 0.1 .0 

bis Text Proposal for DL HARO (Tdoc R2-072707) 
Text Proposal for RACH procedure (Tdoc R2-072640) 
Text Proposal for Loqical Channel prioritization (Tdoc R2-072643) 

2007-06 RAN2#58 R2-072994 Basic MAC POU structure (Tdoc R2-072983) with updates 0.1 .0  0 .1 . 1  
bis Agreements on time-frequency resource configuration (Tdoc R2-

072993) 
Agreement on RA-RNTI association (Tdoc R2-072993) 
Clarification on RA Response reception (Tdoc R2-072993) 

2007-08 RAN2#59 R2-07371 5 Removed reference to non-existing table (Tdoc R2-073473) 0.1 . 1  0.2.0 
Incorrect mapping of logical to transport channel (Tdoc R2-073473) 
Un-necessary error checking in HARO process procedure (Tdoc 
R2-073473) 
Removal of reference to timing relation for HARO feedback (Tdoc 
R2-073473) 
Correction of Internal variable name (Tdoc R2-073473) 
Correction of procedure in case of successful HARO reception 
{Tdoc R2-073473) 

2007-09 RAN2#59 R2-073885 Text proposal for Random Access procedure 0.2.0 0.2.1  
Text proposal on HARO clarification for TDD 
Text proposal on HARO for grants 

2007-09 RAN#37 RP-070688 Clean version for information 0.2. 1 1 .0.0 
2007- 1 0  RAN2#59 R2-074530 Editorial update with Editor's notes (Tdoc R2-07 421 1  ). 1 .0.0 1 . 1 .0 

bis 
2007-1 1 RAN2#60 R2-075093 Agreements on MAC POU format (R2-074536) 1 . 1 .0 1 . 1 . 1  

Corrections on Random Access Procedure (R2-074536) 
2007-1 1 RAN2#60 R2-075243 Endorsement of v1 . 1 . 1  1 . 1 . 1  1 .2.0 

Removal of FFS on DL CCCH existence 
2007-1 1 RAN2#60 R2-075488 Agreement on identity used Random Access Response (R2- 1 .2.0 1 .3.0 

075038) 
Agreement on Local Nack1 (R2-074949) 
PUCCH Resource handling (R2-075432) 
UL HARO agreements (R2-075432) 
Agreements on semi-persistent scheduling (R2-075432, 36.300) 
Agreements on BSR/SR triggers (R2-075432) 
Agreements on BSR contents (R2-075432) 
Agreements on Timing Advance principles (36.300) 
Agreements on DRX control (36.300) 
Handling of P-BCH, D-BCH. PCH (R2-075246) 

2007-1 1 RP-38 RP-07091 7  Clean version, presented at TSG RAN-38 for approval 1 .3.0 2.0.0 
2007-12  RP-38 - Aooroved at TSG RAN-38 and placed under change control 2.0.0 8.0.0 
2008-03 RP-39 RP-0801 62 0001 2 CR to 36.321 with E-UTRA MAC protocol specification update 8.0.0 8 . 1 .0  
2008-05 RP-40 RP-08041 0  0002 1 36.321 CR coverinq aqreements of RAN2 #61 bis and RAN2#62 8 . 1 .0  8.2.0 
2008-09 RP-41 RP-080690 0003 - Clarification on data available for transmission for BSR triggering 8.2.0 8.3.0 

RP-41 RP-080690 0004 - CR to 36.321 on failure indication after maximum number of HARO 8.2.0 8.3.0 
transmissions 

RP-41 RP-080690 0005 4 Clarifications and Corrections of DL and UL Data Transfer (SCH, 8.2.0 8.3.0 
RACH and SR) 

RP-41 RP-080690 0006 - CR to 36.321 on Buffer size levels for BSR 8.2.0 8.3.0 
RP-41 RP-080690 0007 - Clarifications on DRX 8.2.0 8.3 . 0  
RP-41 RP-080690 0008 - Clarification on UE behavior for DRX and configured measurement 8.2.0 8.3 .0 

gaps 
RP-41 RP-080690 0009 3 Correction to MAC Padding BSR 8.2.0 8.3.0 
RP-41 RP-080690 001 0 - Correction to UE transmission power headroom report for L TE 8.2.0 8.3 .0 
RP-41 RP-080690 001 1 - Corrections on BSR 8.2.0 8.3.0  
RP-41 RP-080690 0012 - CR to 36.321 REL-8 on Format of UL grant in Message 2 8.2.0 8.3. 0  
RP-41 RP-080690 0015 - CR to 36.321 REL-8 on PUSCH PUCCH Power Control RNTls 8.2.0 8.3 .0 
RP-41 RP-080690 0016 - CR to 36.321 REL-8 on RACH uniform random backoff 8.2.0 8.3.0 
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RP-41 RP-080690 001 7  1 E-UTRA MAC protocol specification update 8.2.0 8.3.0 
RP-41 RP-080690 0020 - TP for number of HARO processes and MIMO 8.2.0 8.3.0 
RP-41 RP-080690 0022 - Update of MAC dedicated preamble expiry 8.2.0 8.3.0 
RP-41 RP-080690 0027 - Handl inc:i of Semi-Persistent c:irants and assic:inments 8.2.0 8.3.0 
RP-41 RP-080690 0051 1 Corrections relating to RACH 8.2.0 8.3.0 
RP-41 RP-080690 0058 1 UL Channel Prioritisation 8.2.0 8.3.0 
RP-41 RP-080690 0071 2 Corrections relating to RACH partitioninq 8.2.0 8.3.0 
RP-41 RP-080690 0091 - Correction on Random Access Response reception behaviour 8.2.0 8.3.0 
RP-41 RP-080690 0 1 03 - Upper limit of logical channel id 8.2.0 8.3.0 
RP-41 RP-080690 0 1 04 - Clarifications and Corrections for HARO operation at TAT expiry 8.2.0 8.3.0 

and RACH contention resolution 
2008- 1 2  RP-42 RP-08 1 0 1 8  0 1 05 CR01 05 to 36.321 [Rel-8] on PHR Periodic Timer Start 8 .3.0 8.4.0 

RP-42 RP-08 1 0 1 8  0 1 06 1 Proposed R1 of CR0 1 06 to 36.321 [Rel-8] on PHR Reference 8.3.0 8.4.0 
RP-42 RP-08 1 0 1 8  0 1 07 1 CR 01 07 to 36.321 Interactions between measurement gap and 8.3.0 8.4.0 

Msg3 transmission 
RP-42 RP-08 1 0 1 8  0 1 08 2 Proposed R1 of CR0 1 08 to 36.32 1 [Rel-8] on PHR Reporting 8 .3.0 8.4.0 

Values 
RP-42 RP-08 1 0 1 8 0 1 09 - Correction relating to equal priorities 8.3.0 8.4.0 
RP-42 RP-08 1 0 1 8  0 1 1 0  - CR 01 1 O to 36.321 on Correction  to PHR 8.3.0 8.4.0 
RP-42 RP-08 1 0 1 8  0 1 1 2  1 CR01 1 2r1 to 36.321 [Rel-8] Correction to BCCH Reception 8.3.0 8.4.0 

procedure 
RP-42 RP-081 0 1 8  0 1 1 3  - Contention Resolution Timer 8.3.0 8.4.0 
RP-42 RP-081 0 1 8  0 1 1 4  - PCH reception 8.3.0 8.4.0 
RP-42 RP-08 1 0 1 8  0 1 1 5  - Correction to reception of assignments and grants 8.3.0 8.4.0 
RP-42 RP-08 1 0 1 8  0 1 1 6  Correction o n  Contention Resolution 8.3.0 8.4.0 
RP-42 RP-081 0 1 8  0 1 1 7  2 Proposed R1 of CR01 1 7  to 36.321 IRel-8] on on SR Clarifications 8.3.0 8.4.0 

and Repetitions 
RP-42 RP-081 078 01 1 8  2 Clarification on Padding value 8.3.0 8.4.0 
RP-42 RP-08 1 0 1 8  0 1 1 9  - CR 01 1 9  to 36.321 Correction and Clarification on TTI Bundl ing 8.3.0 8.4.0 
RP-42 RP-08 1 0 1 8  0 1 20 1 Clarification of DRX Active Time 8.3.0 8.4.0 
RP-42 RP-081 01 8  0 1 2 1  4 Text Proposal for Dedicated Preamble Assic:inment 8.3.0 8.4.0 
RP-42 RP-081 01 8  0 1 22 - CR01 22 to 36.321 [Rel-8] on Message 3 Definition 8.3.0 8.4.0 
RP-42 RP-08 1 0 1 8 0 1 23 1 Correction to prevent wrong contention resolution by adaptive 8.3.0 8.4.0 

retransmission command 
RP-42 RP-08 1 0 1 8 0 1 24 - Bucket Size Parameter 8.3.0 8.4.0 
RP-42 RP-081 0 1 8  0 1 25 2 CR0125r2 to 36.321 [Rel-81 Correction to Multiple BSR 8.3.0 8.4.0 
RP-42 RP-08 1 0 1 8 0 1 27 - CR0127 to 36.321 [Rel-8] RACH preambles label ling 8.3 .0 8.4.0 
RP-42 RP-08 1 0 1 8 0 1 28 1 CR01 28r1 to 36.321 [Rel-8] merging CR01 26r0 and CR01 28r0 8.3.0 8.4.0 
RP-42 RP-081 0 1 8  0 1 29 1 CR0129r1 to 36.321 [Rel-8] Correction to POU Format 8.3.0 8.4.0 
RP-42 RP-08 1 0 1 8 0 1 30 - CQI/ SRS/PMI/RI transmission during active time 8.3.0 8.4.0 
RP-42 RP-081 0 1 8  0 1 31 1 NDI and Msg4 Carrying Contention Resolution I D 8.3.0 8.4.0 
RP-42 RP-08 1 0 1 8 0 1 32 1 CR0 1 32 to 36.321 [Rel-8] on MAC BSR trigger 8.3.0 8.4.0 
RP-42 RP-08 1 0 1 8  0 1 33 - Clarification about Restarting the Periodic BSR Timer 8.3.0 8.4.0 
RP-42 RP-081 0 1 8  0 1 34 - Correction to RA procedure initiated by eNB PDCCH order 8.3.0 8.4.0 
RP-42 RP-081 0 1 8  0 1 35 1 Correction on PHR triggering condition 8.3.0 8.4.0 
RP-42 RP-08 1 0 1 8  0 1 36 - CR 0 1 36 to 36.321 on Correction to UL HARO Process for the 8.3.0 8.4.0 

transmission of Msg3 
RP-42 RP-08 1 0 1 8 0 1 37 2 SPS occasions 8.3.0 8.4.0 
RP-42 RP-08 1 0 1 8 0 1 38 - Robustness of Buffer Status Reporting 8.3.0 8.4.0 
RP-42 RP-08 1 0 1 8  0 1 39 - Proposed CR to 36.321 [Rel-8] on UL HARO and Measurement 8.3.0 8.4.0 

Gaps 
RP-42 RP-081 0 1 8  0 1 42 1 TAT and RACH procedure 8.3.0 8.4.0 
RP-42 RP-081 0 1 8  0 1 43 1 SRS and CQI Resources Release upon TAT Expiry 8.3.0 8.4.0 
RP-42 RP-08 1 0 1 8  0 1 57 1 Proposed CR to 36.321 Correction to RACH procedure 8.3.0 8.4.0 
RP-42 RP-08 1 0 1 8 0 1 62 1 BSR format for reporting empty buffers 8.3.0 8.4.0 
RP-42 RP-08 1 0 1 8  0 1 65 - TTI Bundl ing Configuration 8.3.0 8.4.0 
RP-42 RP-08 1 0 1 8  0 1 66 1 Corrections to semi-persistent schedul ing 8.3.0 8.4.0 
RP-42 RP-08 1 0 1 8  0 1 67 2 Priotitization of MAC control elements 8.3.0 8.4.0 
RP-42 RP-08 1 0 1 8  0 1 68 - Correction to starting of TA timer 8.3.0 8.4.0 
RP-42 RP-08 1 0 1 8  01 73 1 Proposed CR to 36.321 SPS implicit release on UL 8.3.0 8.4.0 
RP-42 RP-08 1 0 1 8 0 1 74 - Proposed CR to 36.321 Measurement gaps and SPS 8.3.0 8.4.0 
RP-42 RP-08 1 0 1 8 01 75 - Proposed CR to 36.321 Setting reserved bits to zero 8.3.0 8.4.0 
RP-42 RP-08 1 0 1 8  0 1 85 Proposed CR to 36.321 [Rel-8] MAC ResetReconfig Option 2 8.3.0 8.4.0 
RP-42 RP-08 1 0 1 8  0 1 88 2 RV setting 8.3.0 8.4.0 
RP-42 RP-081 0 1 8  0 1 89 - Corrections to Random Access Procedure 8.3.0 8.4.0 
RP-42 RP-08 1 0 1 8  0 1 98 - Number of HARO processes for MIMO 8.3.0 8.4.0 
RP-42 RP-08 1 0 1 8  0201 - Corrections to power control and random access 8.3.0 8.4.0 
RP-42 RP-08 1 0 1 8  0206 - Correction on the definition of the PDCCH-subframe 8.3.0 8.4.0 
RP-42 RP-08101 8 021 1  1 Correction to the coexist of SPS-RNTI and S1-RNTI or RA-RNTI 8.3.0 8.4.0 
RP-42 RP-08101 8 0220 - Explicit release of SPS 8.3.0 8.4.0 
RP-42 RP-08 1 0 1 8 0225 2 Linking HARO process I D with the SPS resource 8.3.0 8.4.0 
RP-42 RP-08 1 0 1 8 0231 - Bucket Parameter Update 8.3.0 8.4.0 
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RP-42 RP-08 1 0 1 8 0232 1 Clarification on "PDCCH indicates a new transmission" for DRX 8.3.0 8.4.0 
RP-42 RP-081 01 8  0233 1 Editorial corrections to MAC 8.3.0 8.4.0 
RP-42 RP-081 0 1 8  0236 - RB suspension and BSR contents 8.3.0 8.4.0 
RP-42 RP-081 0 1 8  0239 - RV setting 8.3.0 8.4.0 
RP-42 RP-081 0 1 8  0240 2 Preamble group selection 8.3.0 8.4.0 
RP-42 RP-0810 1 8  0241 - Use of dedicated preambles after H O  complete 8.3.0 8.4.0 
RP-42 RP-08 1 0 1 8  0242 - Introduction of HARO RTT Timer 8.3.0 8.4.0 
RP-42 RP-081 0 1 8  0243 - Correction to DRX configuration 8.3.0 8.4.0 

2009-03 RP-43 RP-0901 28 0245 - CR to 36.321 on BSR clarification 8.4.0 8.5.0 
RP-43 RP-0901 28 0246 2 Freeing of reserved RNTls 8.4.0 8.5.0 
RP-43 RP-0901 28 0247 Correction to MAC reset 8.4.0 8.5.0 
RP-43 RP-0901 28 0248 - Correction to Initialization of Prioritization 8.4.0 8.5.0 
RP-43 RP-0901 28 0249 - Local NACKing Optionality MAC CR 8.4.0 8 .5.0 
RP-43 RP-0901 28 0250 1 Position of the Backoff Indicator subheader 8.4.0 8.5.0 
RP-43 RP-0901 28 0251 - Missinq reserved bit setting 8.4.0 8.5.0 
RP-43 RP-0901 28 0252 - Expired TAT and PUSCH transmission 8.4.0 8.5.0 
RP-43 RP-0901 28 0253 - Expired TAT and HARO feedback 8.4.0 8.5.0 
RP-43 RP-0901 28 0254 1 Counter proposal to R2-090969 on Management for HARO buffer 8.4.0 8.5.0 

with TAT 
RP-43 RP-0901 28 0255 - HARO Feedback and Contention Resolution 8.4.0 8 .5.0 
RP-43 RP-0901 28 0256 - Corrections to redundancy version control for system information 8.4.0 8.5.0 
RP-43 RP-0901 28 0257 - Mappinq of the RNTls to different transport channels 8.4.0 8.5.0 
RP-43 RP-090 1 28 0258 - DRX and UL Retransmissions 8.4.0 8.5.0 
RP-43 RP-0901 28 0259 - Definition of DRX Short Cycle Timer 8.4.0 8.5.0 
RP-43 RP-0901 28 0260 - Small corrections to RACH 8.4.0 8.5.0 
RP-43 RP-0901 28 0261 - Processing of contention resolution m essage 8.4.0 8.5.0 
RP-43 RP-0901 28 0262 - Corrections to power control and random access 8.4.0 8.5.0 
RP-43 RP-0901 28 0263 - Missing condition for unsuccessful reception of Msg2 8.4.0 8.5.0 
RP-43 RP-0901 28 0264 1 Corrections relating to Random Access required inputs 8.4.0 8.5.0 
RP-43 RP-090128 0265 - Bucket Parameter Update 8.4.0 8.5.0 
RP-43 RP-0901 28 0266 2 Correction to Handlinq of triaaered PHR 8.4.0 8.5.0 
RP-43 RP-0901 28 0267 - SPS resource release on D-SR failure 8.4.0 8.5.0 
RP-43 RP-0901 28 0269 2 N DI handling when measurement gap and SPS occassion collide 8.4.0 8.5.0 
RP-43 RP-0901 28 0270 - Correction relating to P DCCH order 8.4.0 8.5.0 
RP-43 RP-0901 28 0271 - E rror Handling 8.4.0 8.5.0 
RP-43 RP-0901 28 0272 - Various clarifications/corrections to TS36.321 8.4.0 8.5.0 
RP-43 RP-0901 28 0273 1 Disassembly, Demultiplexing and Multiplexing functions 8.4.0 8.5.0 
RP-43 RP-0901 28 0274 1 Miscellaneous corrections to MAC 8.4.0 8.5.0 
RP-43 RP-0901 28 0275 2 CR on Interactions between Msg3 transmission and TTI bundling 8.4.0 8.5.0 
RP-43 RP-090128 0276 - TTI Bundling 8.4.0 8.5.0 
RP-43 RP-0901 28 0278 1 Correction to BSR trigger at serving cell change 8.4.0 8.5.0 
RP-43 RP-0901 28 0279 1 Correction to Release of SPS 8.4.0 8.5.0 
RP-43 RP-090128 0280 2 Usage of RRC Parameters 8.4.0 8.5.0 
RP-43 RP-0901 28 0281 - Clarification of MAC Timer status 8.4.0 8.5.0 
RP-43 RP-0901 28 0282 1 Correction on MAC POU subheader description 8.4.0 8.5.0 
RP-43 RP-090 1 28 0283 1 UE behaviour at CURRENT TX NB reaches maximum value 8.4.0 8.5.0 
RP-43 RP-090128 0285 - Reporting During DRX 8.4.0 8.5.0 
RP-43 RP-0901 28 0289 - NDI handling after random access procedure 8.4.0 8.5.0 
RP-43 RP-090 1 28 0290 1 Dedicated preamble handlinq after random access failure 8.4.0 8.5.0 
RP-43 RP-0901 28 0292 - NDI and grant in Message 2 8.4.0 8.5.0 
RP-43 RP-090128 0293 1 Correction relatinq to BCCH HARO 8.4.0 8.5.0 
RP-43 RP-090128 0300 1 Corrections to Msg3 definition and usage 8.4.0 8.5.0 
RP-43 RP-0901 28 0303 - PRACH selection must use prach-Configurationlndex 8.4.0 8.5.0 
RP-43 RP-0901 28 0305 - Clarification on RETX BSR TIMER 8.4.0 8.5.0 
RP-43 RP-0901 28 0307 3 MAC Structure in U E  Side 8.4.0 8.5.0 
RP-43 RP-0901 28 0308 - Clarification on Random Access Procedure 8.4.0 8.5.0 
RP-43 RP-0901 28 031 4  - Clarification on the CR timer 8.4.0 8.5.0 
RP-43 RP-0901 28 031 6  - Correction on BSR 8.4.0 8.5.0 
RP-43 RP-090128 031 8  1 Clarification on MAC reconfiquration of timers and counters 8.4.0 8.5.0 
RP-43 RP-0901 28 0320 HARO feedback, COI/PMI/Rl and SRS transmissions and 8.4.0 8.5.0 

measurement gaps 
RP-43 RP-0901 28 0324 - MAC POU subheader corresponding to padding 8.4.0 8 .5.0 
RP-43 RP-0901 28 0333 - CR On Backoff table 8.4.0 8.5.0 
RP-43 RP-0901 28 0334 3 TTI Bundling Operation 8.4.0 8.5.0 
RP-43 RP-0901 28 0341 1 Enforcing new transmission after flushing HARO process 8.4.0 8.5.0 

2009-06 RP-44 RP-09051 3  0342 Correction on HARO feedback transmission 8.5. 0  8.6.0 
RP-44 RP-09051 3 0343 1 Clarification on the DL assignment/UL grant reception in SPS 8.5. 0  8.6.0 
RP-44 RP-09051 3  0344 1 PHR timer handling after handover 8.5.0 8.6.0 
RP-44 RP-09051 3 0346 2 MAC P OU for Msg2 8.5.0 8.6.0 
RP-44 RP-09051 3  0347 2 MAC Error handling 8.5.0 8.6.0 
RP-44 RP-09051 3  0348 - Correction on SR cancellation 8.5.0 8.6.0 
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RP-44 RP-09051 3  0349 1 Correction to RETX BSR TIMER 8.5.0 8.6.0 
RP-44 RP-09051 3  0350 1 CR to 36.321 on U L  SPS Implicit Release 8.5.0 8.6.0 
RP-44 RP-09051 3  0351 2 Various correction to MAC 8.5.0 8.6.0 
RP-44 RP-09051 3  0369 - Correction to Uplink orant bv temporarv C-RNTI 8.5.0 8.6.0 
RP-44 RP-090513 0370 - Clarification on simultaneous reception of RA-RNTI and C-RNTI 8.5.0 8.6.0 
RP-44 RP-09051 3 0374 - Correction on timeAlionmentTimer validity in MAC 8.5.0 8.6.0 
RP-44 RP-09051 3 0376 1 CR for MAC padding 8.5.0 8.6.0 
RP-44 RP-09051 3  0377 - Correction to duplicate reception of TA command (2nd method) 8.5.0 8.6.0 

2009-09 RP-45 RP-090906 0379 - Correction to NDI semantics 8.6.0 8.7.0 
RP-45 RP-090906 0380 1 Minor corrections to 36.321 8.6.0 8.7.0 
RP-45 RP-090906 0381 2 UE behaviour when MBSFN subframe and a configured downlink 8.6.0 8.7.0 

assignment collide 
RP-45 RP-090906 0399 - Correction to HARO process ID for DL SPS retransmissions 8.6.0 8.7.0 
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Title : Reconfiguration in CA 

Discussion , Decision Document for: 

1 Introduction 

After discussion in Miyazaki, following is agreed as TP to 36.912. 

5.3.2.2 Connection Control 

As in LTE Rel-8, the UE only has one RRC connection with the network. One cell - the "special cell" - provides the 
security input and the NAS mobility information (one ECGI, one PCI and one ARFCN). There is only one "special cell" 
per UE in connected mode. 

After RRC connection establishment to the "special cell", the reconfiguration, addition and removal of CCs can be 
performed by RRCConnectionReconfiguration including mobilityControllnfo (i.e. "intra-cell handover"). 
RRCConnectionReconfiguration without mobilityControllnfo can also be used for the addition of CCs, and for the 
removal ofCCs with the exception of the CC corresponding to the "special cell". 

At intra-LTE handover, the RRCConnectionReconfiguration with mobilityControllnfo (i.e. "handover command") can 
remove, reconfigure or add CCs for usage in the target cell. 

In addition, following can be found in the minutes of Miyazaki meeting. 

What other CC reconfigurations may be possible without performing a handover is FFS 

2 .  Discussion 

According to the RRC procedure of LTE, there seem two cases when (re-)keying is performed: 

1. In L TE, when a UE receives Security Mode Command message, the UE calculate KeNB using the PCI of the 
cell from which Security Mode Command message is received. 

Even in L TE-A, it is likely that first activation of additional carrier is performed only after security context 
is established between eNB and UE. Before establishment of security context, user plane data transmission 
is not likely to occur. Having multiple CCs without possible data transmission seems not logical. 

Thus, at the time when Security Mode Command is received, there will be only one DL carrier. Thus, 
without ambiguity, UE can use the PCI of this DL carrier as security input. 

Idle Mode 
Camping 

� 
1 RRC Connection ' (Carrier 1) I 

Establishment 

Connected 
Mode 

win �r.11rifv 

Security Mode 
Command 

.. 

� 
Cell A 

(Carrier 1) 

Connected 
Mode 

with .<:P.ruritv 

RRC 
Reconfiguration .. 

Conclusion l; Activation of additional carrier is done after SMC is finished. 

,< fc�)'---"'::::: 

� 
Mode 

with multiple 

2. In LTE, when a UE receives RRC Connection Re-configuration with mobility information message, the UE 
calculate KeNB using the PCI of the cell to which the UE should be switched to. 
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If only one carrier is activated when serving eNB is changed, there will be no difference between LTE-A 
and LTE. I.e., the only DL carrier included in the handover message will serve as input to KeNB 
calculation. 

Cell A (Carrier 1) � 
Which Cell is security 

input? 

However, though it has not been discussed yet, it is likely that more than one carrier can be configured at 
the time of handover. In this case, it is not clear which cell should be served as input for security setting. 
Simply, the Handover Command message sent by eNB can explicitly indicate which DL carrier should be 
used as input. 

The above approach where eNB can indicate 'the specific cell' can be generally used even for intra-eNB 
reconfiguration. I.e., whenever there is an ambiguity regarding which carrier should be used as input for 
NAS system information or as input for KeNB generation, eNB can indicate the specific carrier via the 
RRC message. Based on the indicated carrier, a UE know which carrier is used for KeNB generation. 
Furthermore, eNB can re-key without change of CCs by just indicating one of active CCs as new special 
cell. 

Conclusion 2: eNB can indicate which cell is the "special cell" that provides security input and NAS 
SIB when it transmits RRC messages. 

In Rel-8, every handover leads to PDCP/RLC re-establishment and re-keying, regardless of whether the handover is 
performed within a same eNB or not. Thus, UE in L TE network experiences interruption of data transfer whenever there 
is a handover. 

In Rel-10 with LTE-A, a UE can be configured with multiple DL/UL carriers. This means that a UE has to prepare for 
not only Rel-8 cell change procedures but also DL/UL carrier change procedures. If each (re-)configuration of additional 
carrier is considered as handover, the UE will experience much more data interruption. Unless some smart mechanism is 
introduced, user perception will be worse in L TE-A than in LTE. 

First of all, we need to decide which procedure will be used for the (re-) configuration of activated component carriers. 
In LTE, there are two RRC messages that eNB can use to adjust radio parameter for the given UE. First one is RRC 
Connection Reconfiguration with mobility information message and the other one is RRC Connection Reconfiguration 
without mobility information message. 
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Following is extracted from TS36.33 I :  
5.3.5 .3 Reception of an RRCConnectionReconfiguration not includ ing the 

mobilityControllnfo by the UE 

UT90-1365 

If the RRCConnectionReconfiguration message does not include the mobilityControllnfo and the UE is able to comply with the configuration included in this message, the UE shall: 

I> else: 
2> if the RRCConnectionReconfiguration message includes the radioResourceConfigDedicated: 

3> perform the radio resource configuration procedure as specified in 5 .3 . 10; 
5.3.5.4 Reception of an RRCConnectionReconfiguration includ ing the 

mobilityControllnfo by the UE (handover) 

I> reset MAC; 
I> re-establish PDCP for all RBs that are established; 
I>  re-establish RLC for all RBs that are established; 

l> configure lower layers in accordance with any additional fields, not covered in the previous, if included in the received mobilityControllnfo; 

I> else: 
2> update the KeNB key based on the current KeNB or the NH, using the nextHopChainingCount value indicated in the securityConfigHO, as specified in TS 33 .40 1 [32] ; 

As can be seen in the above text, RRC Connection Reconfiguration with mobility information message always requires a 
VE to re-establish RLC/PDCP and change of KeNB. In this case, data interruption is unavoidable. On the other hand, 
RRC Connection Reconfiguration without mobility information message does not introduce this behavior. 
Activation or deactivation of component carrier �ay be used to dynamically meet QoS requirement of established bearers rather than to respond to cell quality change caused by UE' s actual mobility. If the actual move of a UE triggers eNB 's action, the eNB may choose to change serving cell on the same frequency rather than to ( de-)activate another component carrier. In this case, re-establishment is natural consequence. However, if a UE demands for higher data rate without change oflocation, the eNB may just increase the number of used component carrier. In this case, re­establishment is over-reaction. 
Overall, there seem two cases. First case is to reconfigure activated CC without re-establishment or security change and the second case is to reconfigure activated CC with re-establishment or security change. Support of these two scenarios can be easily done. I.e., it seems enough to introduce a new Information Elements related to component carrier configuration into RRC Connection Reconfiguration message. Based on whether the new IE is included with mobility 
information or not, the UE can easily identify whether it needs to re-establish security context when it reconfigures activated components carrier. 
Conclusion 3: When RRC Connection Reconfiguration message which (re-)configures component carriers is 
received, PDCP/RLC re-establishment and re-keying of security context depends on whether the message 
includes mobility information or not. 
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In general, the question is when change of ' special cell' can be declared or when 'special cell' provides security input to PDCP. According to the above conclusions, eNB can control when a rekeying is performed. I.e., by deciding whether to include 'mobility information' or not, eNB can decided whether to trigger re-keying or not. At this moment when re­keying is performed, it become important which cell should be considered as 'special cell' which provides security input. If eNB decides not to re-synchronize security keys, it seems not so important which cell is special cell. 
Then, we can link change of 'serving cell' to the rekeying procedure. I.e., whenever re-keying is performed, 'special cell change' is declared. Then, even if 'special cell' before reconfiguration is same as the ' special cell' after reconfiguration, we have to consider it as 'special cell change' .  However, this seems not a problem because we consider 'intra-cell handover" as a 'handover' .  
Conclusion 4 :  'Special cell' is considered as being changed when security re-keying occurs. 

Currently, it is not yet decided whether removal of"special cell" can be done without handover procedure. For the reconfiguration procedure within same eNB, to request re-calculation of security parameter for each removal of special cell seems to be too restrictive. If it is possible to remove 'special cell' either by intra-handover procedure or by reconfiguration without handover, to allow both option is to give more flexibility to eNB. I.e., if eNB sees a need to security re-synchronization while performing special cell removal, it can use 'intra-handover' procedure. And, if eNB does not want to change security setting while performing special cell removal, it can use 'reconfiguration without handover' procedure. 

2 ways of Special Cell Removal 

Special cell 
changed 

Special cell not 
changed 

PDCP (CK', IK') 

� 

Though 'special cell' provides security input to PDCP, it does not necessarily mean that security parameter used in PDCP always should be from the one of the activated carrier. As a matter of fact, PDCP layer which is in charge of security protection does not know to which carrier/cell it is connected. Thus, practically, there is no problem even if used security parameter is not associated with any active carriers/cells. In this sense, removal of serving cell should be allowed without involving a handover procedure. By not performing rekeying at each removal of special cell, data interruption can be minimized. 
Conclusion 5: 'Special cell' can be removed from activated CCs with RRC reconfiguration procedure without 
handover. 
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3.  Proposa l 

It is proposed to agree on the following: 

Proposal 1 :  Activation of additional carrier is done after SMC is finished. 

Proposal 2: eNB can indicate which cell is the "special cell" which provides security input and NAS system 
information via RRC signaling. 

Proposal 3 :  When RRC Connection Reconfigurati.on message which (re-)configures component carriers is 
received, PDCP/RLC re.;establishment and re-keying of security context depends on whether the message 
includes mobility information or not. 

Proposal 4: 'Special cell' is considered as being changed when security re-keying occurs. 

Proposal 5: 'Special cell' can be removed from activated CCs with RRC reconfiguration procedure without 
handover. 
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Title: SR procedure and DRX procedure. 

Discussion,  Decision Document for: 

1 I ntroduction 

SR procedure is  used to request radio resource for UL transmission and DRX procedure is  used to increase battery 
efficiency. According to section 5.7 of TS36.321, SR procedure affects DRX as follows: 

·when a DRX cycle is configured, the Active Time includes the time while: 

2 .  

onDurationTimer or drx-InactivityTimer or drx-RetransmissionTimer or mac-ContentionResolutionTimer (as 
described in subclause 5 .1.5) is running; or 

a Scheduling Request sent on PUCCH is pending (as described in subclause 5.4.4); or 

Discussion 

According to section 5 .4.4, pending SR is cancelled when a relevant BSR has been transmitted. Regarding SR 
procedure, elements that constitute active time are shown in the following figure I .  

BSR/SRis 
triggered/pending 

SR! 

--------r,,._I -1--�f----=+-
oms 1 0ms 20tns ! 30ms 40rs 

' : 2nd : 3rd 1 
; El � f I � ll � ll> � ,i al! ��h elemel'l� 

ll>i 
s e emen element : element 1 

Fig 1 Elements of DRX Active time 

UE is in active time as long as SR is pending. The component of active time in figure I is as following: 

- Element 1: This is the period from when a SR is triggered to when SR on PUCCH is firstly available. I.e., this 
element is related to how often SR on PUCCH resource is available. 

- Element 2: This is the period from when transmission over SR on PUCCH is made to when earliest UL Grant can 
be received. I.e., this element is related to UL/DL RTT plus eNB's minimum processing time. 

- Element 3 :  This is the period when eNB may transmit UL Grant to the UE, with the condition that the eNB had 
successfully decoded UE' s transmission of SR over PUCCH. This is related to how much scheduling flexibility 
eNB ,vants to have in response to SR request of a UE. 

- Element 4: this is the period from when the UE has to wait until next available SR on PUCCH after previous 
transmission of SR over PUCCH has failed. This is the case when previous transmission of SR over PUCCH 
didn't reach eNB. 

Regarding whether a UE is required to monitor PDCCH while SR is pending, following analysis can be made for each 
elements: 

- Element 1: eNB does not know whether SR has been triggered at the UE side. Thus, eNB will not give any UL 
Grant to the UE. In this sense, PDCCH monitoring by UE is meaningless during this period. 
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- Element 2: Even if the transmission of SR over PUCCH is successful, the UE will not receive any UL grant due to propagation delay and eNB processing. Thus, there is no need for the UE to monitor PDCCH during this period. 
- Element 3 :  Even if eNB successfully detects SR transmission over PUCCH by a UE, the eNB may not immediately allocate UL grant for the UE. A UE must monitor PDCCH during this period due to the scheduling flexibility of el"l'B. However, as this period gets longer, UE battery performance will be more impacted. 
- Element 4 :  When SR is pending, UE monitors PDCCH to receive UL grant. The assumption behind this is that eNB successfully receives transmission of SR over PUCCH. If SR transmission over PUCCH has not reached eJ\113, there is no reason for the UE to listen PDCCH. Thus, UE does not need to monitor during this period. 

According to the above analysis, it is meaningful for the UE to monitor DL channels only during element 3. Under current specification, it is evident that UE monitors DL channels unnecessarily longer. 

3. Proposal 

In this contribution, we analyzed the relation of SR and DRX. To prevent unnecessary UE monitoring during SR procedure, it is proposed to relax the definition ofDRX Active time so that UE is required to monitor PDCCH only during when possible UL Grant can be received. 
If agreement is reached, LG is happy to provide CR for the next meeting. 
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Section 8 

Title • SI Providing for CA 

Document for • Discussion and Decision 

1 S I  providing for non-extension carrier 

UT09-1365 

[All background information can be found in annex or 3GPP TS 36.300, 3GPP TS36.32 1, 3GPP TS TS36.33 1, 
TR36.912] 

SI providing at CC addition (i.e. at CC configuration) 

As identified so far, we have two options: when a CC (Component Carrier) is added, 

1. Option 1: the UE receives the system information by common signalling, i.e. broadcast. 

( +) less signalling overhead 

2. Option 2: the UE receives the system information by dedicated signalling. 

( +) no delay to use the CC as no extra time to read SI is required 

In option I, the eNB may need to conservatively take the delay until the use of the CC as it is difficult to expect when SI 
reading is finished by the UE. We think it is not desirable to introduce such delay at CC addition. 

In option 2, we think that the signalling overhead would not be an issue in LTE-A system to provide data with higher 
rate, considering the LTE Rel-8 system already supports to provide SI by the dedicated signalling at handover. 

Proposal 1: It is proposed to support dedicated signalling to provide system information at CC addition 

SI providing at SI change 

As identified so far, we have two options: to know the SI change of each DL CC 

1. Option I :  the UE periodically checks paging or SIB 1 on every DL CC. 

(+) simple 

2. Option 2: the UE can periodically check paging or SIBl on only a certain DL CC, e.g. CC specific 
systemlnfoModification in paging message or CC specific systemlnfo ValueTag in SIB 1. 

( +) UE power saving 

As this issue is about an UE power saving aspect, we think it is quite related to DRX and CC activation/de-activation 
for CA being discussed. 

In non-DRX case, as the UE may be required to monitor paging or SIB 1 on each DL CC where it is receiving data, 
there would not be an issue in terms of the UE power saving. 

In DRX case, we currently have two signalling solutions for CC activation/de-activation: RRC signalling and PDCCH 
signalling [ 1-4]. 

IfRRC signalling is used, due to the nature ofRRC signalling, we think that there would be several DL CCs the UE is 
monitoring in DRX. In this case, the UE in option I would wake up more often to monitor paging or SIB I than in 
option 2. So, we think that option 2 is useful. 

If PDCCH signalling is used, as the eNB can dynamically manage CCs of the UE, we think that there would be one ( or 
small number of ) DL CC the UE is monitoring in DRX. In this case, there would not be an issue for option 2. However, 
we may need to consider how the UE will manage SI for de-activated CCs. If the UE needs to maintain up-to-date SI 
even for de-activated CC, i.e. monitors paging/SIB I on the de-activated CCs, we think option 2 is useful as the UE in 
optionl needs to wake up for monitoring paging/SIB I on the de-activated CCs. Otherwise if the UE receives the 
updates SI by dedicated signalling when the CC is re-activated, we think option 1 is enough. 

Alternatively, 
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1 .  the eNB can request the UE to read system information by sending the UE an indication in the PDCCH, MAC, 
or RRC signalling. The indication also includes which DL CC the UE reads system information on. 

2. The UE, after receiving the indication, starts reading the system information on the indicated DL CC. 

3. The UE, after completing the system information reading, indicates the completion of the system information 
reading to the eNB. 

For example 

1 .  The eNB configures the several DL CCs to the UE for CA functionality (assume DL CC 1 and DL CC2). 

2. And the eNB activates those two DL CCs. 

3 .Afterwards, the eNB de-activates the DL CC 2 .  

4. The SI  ofDL CC 2 is changed. 

5 .Afterwards, the eNB re-activated the DL CC2. 

6.Also, the eNB sends the indication to the UE to request the UE to read the system information on the DL CC2. 

7. The UE, after completing the system information reading, indicates the completion of the system information 
reading of DL CC2 to the eNB . 

Subject: SI, MAC RLF and DRX � cl for CA 

SI for CA 

- For non -extension carrier 
■ For SI acqu isition at CC ad dition 

♦ By d ed icated s igna l ing  
/Young/ ;:f// .AJz/o//c, CC tulditim1 � ll./1 ff fll-0/ Sl� .:3/::J &/.2.. 7lf � 3J -ifof_fL eIVB {= ff'f}-0/ Sl fff fJ./'C'!3f/ 
_;;fi!}'C' A/.ij-fl- -?}-'?}3f/Aj �::]f/fl'-i:/J"8}'i!f � ,!fl .f}-y_fl.. 

■ For SI acq u isition at SI change 
/Sungl)uckj 07 .Jf-!t-f:. Activati.m/Deactivation JJ/-£. -f!f ifl 0/ :lJ r::f ..IZ .!t.;:: Ell, {addition °/ activation.:Ji/- r::f E 
,!fl '?];;{/£ 5!..E!.:Ji;z/ f!f.) 'f!f'2f. Activation °/ pdcchiE. dynamic '8'/-,7f/ �r:J-1lf, actiw1tim, .E/1tl ff1eff-8:- -f!-{1 SI 
twquisition if:- 'tff/0/: 8f{:?:/? 0!1-/ ¥1, fffj--f!- actiw1tion/deaction.9.l o:/-¥-01/ 1/f!Jfijo/ zf carrier o// z:f/'tff//.j SI 
I!l f!l:i!./-q-..IZ up-to-datefi,l!ow up :=i  3f/0/: t:t/,':_::;z/? 0! -g/if!-:!_ z/Zf.9/ option d// .::.ifff� 3/.2...5!. 1f'Zf.!ffl. 

♦ Option 1 (basel ine): Like LTE R8, the U E  checks the paging msg. or va lue  tag on the each 
CC and then acq u i res the u pdated SI on each CC. 

/SungDuckf W CCo///.i SIB7f uff/7::f ..IZ, r:f-E CC.£ sJB7/ J:JfJ?/c 3!-8:- 01-1£1. 7f# _ttfrq'l} "r :U g. 

[Young/ ;:ff/ .AJz/e>!/ :::, SIBJ .9/ value tag.9/ �--f-01/. "f/ixl/ CC.9/ value tag.9/ 01* CC ;;I .9/ common value 
tag 'f!f* �"§= fl ? £. :U¾ 31 :u-;:; LJ r:f. 
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Aggregated CC7f {J/':xf 8/r:/¥1, -lf CC 'f!/ value tag7f -fl.B.. V}--!7J.11? fl"'l!-01 activatedlcot{figured carrier.9/ SI Pl 
2F-4/Wr:f Pl r::--j.f?- _-::z ifJ!--r.fL 

9!-M-0/'fll. tf..xJf CC .9/ paging o//AJ r:f� 6/f!- CC.9/ SJ t!f.� :1. '§/i:t/1¥ n:/1, comnum Sl.9/ t!f.� f!. ;:f//9/"lSJ-;:: 
31 ° 1 1:if w .z,rw 31 -ff 'l:f / .11.. 

0ff!J/ Paging ASlV. l -r&.9/ U-0/ -tsf'pf, fl"'lf-f!. W,xf/ .!f/.xf if CC.9/ SJ J;!l� f] df=-:.::f"lSfrf common Sl J;!l;y.£ 
'lf? 5:l :1. -?iz.Jr::f. ( !'{.::§ CC.9/ S!Bl value tag.£ common Sl 1;!1� _¥:: W)  

• + s imple 
• - req uired to acqui re SI o n  a l l  CCs even if the common SI (as opposed to CC 

specific SI} is on ly changed (point 1) 
• - requ i red to mon itor/d ecode paging msg. and va lue tag on a l l  CCs (point 2) 

♦ Option 2 (optimizatio n to point 1): the paging msg. and/or SIBl conta in "no CC specific 
SI change info". Then, the U E  who acqu i red the u pdated com mo n  SI on a certa in 

carrier can avoid to acqu ire the co mmon SI on other CCs in case CC specific SI  is  not 

changed. 
[Sungl)uck] optimi2/3 �-li!: "CC Spec(fic Sl " .9/ .:U.9/:t:? /.1/.iE_-fl: SIB uf!,;,./;xJ '?}.::</? t/.:4/ L11£o/J::: CC 
Spec(fi.c Sli!/-:t: 3/ 0/ ffi .f;. /.!/.if!_-£: SI.B.7f ?:f.9/ :!j}r:.f1lf, Rel-8 L 1E VE.9/ backward compatible !f!.x//:t:? (Other 
issue .. o/1 °/u/ '?li!s;/0/5:l1--j/J'l....) 

[Young] 9/.£,jff :a, 0/-sJ!� :t: ;;(/ £ 2 :J!;;(J 1lf, Option 1 o/1--�.f ASN.1 -r&. z/lo/f Aj ,;ef/7/"1! {i!;?J/7} tif/fl-!jjj 3/ 
,fl--;;; 4 r:/: 0J-z..J 1l!, ctJmmon SI mmJ(rwation indication °/ 1-/- common SI vab.te tag ;: "fl! !/i.Il, ti. ;?I/ CC off 5:l :t: Sl 
modification indication °/1-/- value tag ::_- common S.l.9/ 1;!1� ii 'ifi:tfdf'E-;x/ ftl-:t: 3/J,#O/ g}JJ!.xfp}••-) 

♦ O ption 3 (opti mization to point 2) :  the paging msg. a nd/or SIBl co ntains a l l  CC changes 
info. Then, the U E  is only req uired to monito r/decode the paging msg. and/or SIBl o n  

a certa in ca rrie r 
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[Young] 9/£.;f :g/- 0/8//i!f=.xJ ..!i!. 2:1/l.XJ v}. !!f'l/jj-S-/ paging message.!2/- SIBl of/ �7/- A}t{f{i1°J£. 7f1,;' Ff  3/ 
ffi'i' l-/t:f. :;. Rel-8 ff ffl� S.l modificatimz in paging..il/ SIBl value tag* t/l.;(lf cc 0Q 4/W SI t!J.?9..Q.s!. 
0/3f}-8f .:il, Rel-10 ff ffl.?. Ji!.� CC7J 'i!l.?9-¥1 :Jl..Q.s!. 0/iff/-8f¥!J f!l X WI-/t:f. 

Paging . : ; i= . . SEQUENCE { . . . . . . . . ... .. .. . . . . .  . . • ... . • • • c; • j:iagirigfi,ecor<IList .. Paging:Recori:ii.i.st • ·: . Oi>TIONM,; -- Need :ON •· . . .  • s ••• • •  ti:,n�r,1 ificat;ionO . • ENUMERATED {t.r:ue} : :  • •  : : . , '+' ! "'. i:iP.TIDN}I.L, · :  .:.cc :Need -ON.: :=:> . 
• Q.-§>c:2!i(�i�cidi.�1c¥iii:i;�n�� ·£!6l .•• •· •• •· • • • •• • •· • .  · ·/ 

•• • • •• •• ····•·· • ENUfilERATED { t;cue} Ol'!TIDNAIJ� -- Need. ON: > 
·. · ' • ijondi,/t:�calExtenihori • : •• Paging:-yl�xO-IEa. • '.'.·.'. ·> • : .• . ;j m \: QI;''l'J;Qitttrn •. ;"� Neep: :qg/ .·• 

♦ O ption 4 (optim ization to point 1 and point 2): option 2 + option3 
- For extension carrier if n eeded 

■ For SI acqu isition at CC additio n 

♦ By dedicated s ignal ing 
■ For SI acqu isition at SI change 

♦ By dedicated signa l ing 
fSungDuckJ 71/'i'l-?if 'i'l view :Jf ffla-J:xfrJ, extension carrier .":: .:7. lf earrier. EX ,':: connected mode f:Ff!!df/7// 
ffx/ {§=r::j h(,:t.li data mte ff! A/Flf fff7/ .JJ/ W  carrier '1]{!!.0/.xl, Cell .?. 0fl-/i3/.:Il ¥. 

_-z :f!] r:j/ Cdl-f!:. SJ ;ff _l!/i-2/.x/ vJ. Cell 0/ 6}-!;:] i!fo/ SI ff! -3/1-¥:f. r:fi= Jl-8- 0/1}-8}r:/-.:II H, � Ex e SI :xf�7f 
f' 7J/ "if} .x/ a/::: q .:II N. 

[YmmgJ Extension carrier of/ S.l.B27/ ..:¥.WEJ::: ..x/ 0:/-¥-7/- ft-_B.. ttf-.?:./ a/if::?/- ,f/.,8:-J:i/..fl. 

Extension Carrier7f RA CH ff� common resource /l- ,,r.f-1}-ff}.7/l-}. AfBSFN subframe 0/ ;?lr:/-¥1 SlB27f -ff!Jl W 
1=£ gj.:il, _2 2:f ¥!J  SIJJJ .£. J/i_fl. &J:1Jl_::z/_.q_ • • •. 

common resource.!2/- 1UBSFN subframe 0/ ffJ.r:/-rl, DLJ[JL R W  :t: dedicated signalling.2..5!. Jlfl.P/?i/3=. .If!-1/lW X 
8f-r ..fl. 

MAC RLF for CA 

- Assumptio ns 
■ m ultiple RACH carriers 
■ RACH ded icated preamble (re-)transmissions a re only avai lab le  on the concerned CC 
■ RACH non-ded icated prea mble (re-)tra nsm issions are avai lab le on a l l  ava i lab le  RACH carriers 

[SungDuckJ 0/�of/£ 'llifEJ5:iX, carrier ::! jump &/7!/ E/rl, TXpower settingif!-A//7f �.AJ'tf T 
!Mg 

[Young/ adjacent UL carriers of/--{/l:: if!-.xl/7f flix/ Sf-Ji-«}.Jl? 

- P roposal 1: if RACH p rea m ble h its max, consider a l l  up l inks b roken 
[Young} .xi/ .!2/7,l..Qs!."C 0Ji!//5if ffo/ ,,r,Jz/8// -!!f- 1=' ;?1-1} ?I ffi'i' l-/t:f. 

1. ff f!l0! multiple RA CH carrier :@:;g o//,Aj !i; vi ;;rQ pn?amble transmission counting ii !!f � UL CC d/JAJ 1i!f 
j}Jq'i!/ (preamble transmission counter7/- CC specific),. 

➔ f!XH .!j!Z/ RlF 7/NO// !I/2 'i!:!, RLF7/ OfL/2, carrier failureg/L/Cf. 
-+ 0/ :rJ.!j!. ff'U ��� 
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1. Off!! ,&/ 0.s!.E lf,Xf/fj;;; eNB0/17// 'i!E!Cf. (7fi§ Ul CC addition;;; 41/E! RA7f 1i/ll/l� -r/-?-r 

Of� CCE./ UL SCH!J: �of/ failure .!i!..I!) 

2. CJ:!: UL cc::: .!p.Aftif D.fi!. .::1 1=/  7/ 'lf .zt::: Cf. (.::J.i!/1.£, lf,:Cf/7/ .z!E. L/ Off!! &/E.sf.E �2/ 
�0/ fJ!lf!:lE ... } 

3. Cf:!: UL CC:;: .!p.Afo/ 0.fffE. Cf!! Ul CCO/IA.f RA� X/1 A/£ E/Cf. 
-+ 3lf:!E/ ?142� XfAflo/ 1!/Zfo/1.!i!. f!!, ,!!;:g CC.§E. 'lf accesstifE{z: �(7/?f Ul CC addition)O/ §f-� 

0/i:.f 'lf .:Ef-§ "§/ .::p:; fll;;; =?£ J!l;;;;L/Cf . 
.::J. WX/ 81;;; ?J-?-::: (7/� SR8is"J, CC specific counter2,f :Y:tU CCOf/ t:Hf! counter� gEJf! 

.::p:; J!1 f; :ff Y ;_;; L/ Cf . 
.::J.i:!/:il., CC specific counter7f max7f £/'lf., Cf!! UL CCOf/A.j RA !J:  XI/ .Aj.£. of:a, :Y:tfl CCE./ 
counter7f max'l/ ?J-¥0//f! RLF:ff {:j'lfof::: ?;f L/Cf. 

2. rJ 1l]-0/ m ultiple RA CH carrier �;?}oJJ,,r.J. 'fJJ_xl/ preamble transmissum counting :J. o:/i!f UL CC :;I of//.j 
/./.£-,Jrj'f/1 (preamble transmission cmmter7/- CC common), 

-+ Of ?:f RlFO/ :il., .::J. � the connection re-establishment procedure.7/ triggering£/f;!! :lE. 

- P ro posa l 2: if RACH ded icated prea mble  h its max, FFS if another RACH ca rrier. if any, can b e  
considered a l ive. 

[Ymmg} detlicatedpreamhle 0/ !:f.:-'§ UL CCof/ 'Ffr;f5/5!iq.II. 7/-�vf--cf'f/i, .5/19:/ CC !i.pecifi.c count.er.9/ ;fi;#/ 
CC of/ r:f/"fll counter � .II.'i!/ff/1 /1 T gj�frLJq; 

7fi{i, detlicated preamble& !:f .::§ CC 0!/A-J CC !i.pecijic counter7} max ff 5/'i'l, -cf:!: UL CCof/Aj non-detlicated 
preamble :ff 7/.X/JZ RA :ff ;:.J/ A/.£"8/-c- 7/:?£ (,f!f?f// CCof/ q/v} counter.9./ m ax7,7/-X/.) 

Activation/De-activation with DRX 
- Combination 

■ RRC + com mon DRX ({1 .2.?) 
■ RRC + CC specific DRX 
■ PDCCH + common DRX ({1 .2.?) 
■ PDCCH + CC specific D RX (x) 

Other issue?: 
- does the U E  need to monitor e .. g paging/SI on the de-activated ca rriers? 

■ If no, how does the U E  get the SI, if changed, o n  deactivated -+ activated ca rriers? 
[Young] ;f/J AJz.j-olJ;::, fl1lf.f!: deactivated carrier � monitoring ff/- J/l.£1.7f {11-/} ::/ -?]-:;·qr::/; _-:z 71,  
Activation -wt r.r./1 fl 1l]-0f SI� �?} $-/2- 'f/i -JjJ -3! {l-o}Jl. 

As a result of discussion, we see the solutions for SI providing at SI change have dependency with CC activation/de­activation. Thus, we would propose to further investigate the solutions for SI providing at SI change with CC activation/de-activation. 
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Proposal 2 :  It is proposed to further investigate the solutions for SI providing at SI change \Vith CC activation/de­
activation. 

2 SI  providing for extension carrier 

We feel that RAN2 has a difficulty to expect the existence of the extension carrier in CA without inputs from RAN l /4. 
Also if it exists, i t  is also unclear in RAN2 whether or not the extension carrier will provide the system information. 
Basically, one of requirement of a "cell" is to broadcast a system information. Thus, if an extension carrier broadcast a 
system information, it is not just a ' carrier' but it is a 'cell'. 

In this situation, we don't think that CA work with extension carrier is worthwhile. Therefore, we would propose to 
defer the extension carrier aspects until the details of the extension carrier are somewhat clear. 

Proposal 3: It is proposed to defer the extension carrier aspects for SI until the details of the extension carrier are 
somewhat clear 

3 Concl usions 
For SI providing for non-extension carrier, 

Proposal 1: It is proposed to support dedicated signalling to provide system information at CC addition 

Proposal 2: It is proposed to further investigate the solutions for SI providing at SI change with CC activation/de­
activation. 

For SI providing for extension carrier, 

Proposal 3: It is proposed to defer the extension carrier aspects for SI until the details of the extension carrier are 
somewhat clear 

Annex A: Prior Art: system information 

5.2 System information 

5.2. 1 

5.2 . 1 . 1  

I ntroduction 

General 

System information is divided into the MasterlnformationBlock (MIB) and a number of SystemlnformationBlocks 
(SIBs). The MIB includes a limited number of most essential and most frequently transmitted parameters that are 
needed to acquire other information from the cell, and is transmitted on BCH. SIBs other than 
SystemlnformationBlockTypel are carried in Systemlnformation (SI) messages and mapping of SIBs to SI messages is 
flexibly configurable by schedulinglnfoList included in SystemlnformationBlockTypel , with restrictions that: each SIB 
is contained only in a single SI message, only SIBs having the same scheduling requirement (periodicity) can be 
mapped to the same SI message, and SystemlnformationBlockType2 is always mapped to the SI message that 
corresponds to the first entry in the list of SI messages in schedulinglnfoList. There may be multiple SI messages 
transmitted with the same periodicity. SystemlnformationBlockTypel and all SI messages are transmitted on DL-SCH. 

5.2. 1 .2 Schedul ing 

The MIB uses a fixed schedule with a periodicity of 40 ms and repetitions made within 40 ms. The first transmission of 
the MIB is scheduled in subframe #0 of radio frames for which the SFN mod 4 = 0, and repetitions are scheduled in 
subframe #0 of all other radio frames. 

The SystemlnformationBlockTypel uses a fixed schedule with a periodicity of 80 ms and repetitions made within 80 ms. 
The :first transmission of SystemlnformationBlockTypel is scheduled in subframe #5 of radio frames for which the SFN 
mod 8 = 0, and repetitions are scheduled in subframe #5 of all other radio frames for which SFN mod 2 = 0 .  

The SI messages are transmitted within periodically occurring time domain windows (referred to  as SI-windows) using 
dynamic scheduling. Each SI message is associated with a SI-window and the SI-windows of different SI messages do 
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not overlap. That is, within one SI-window only the corresponding SI is transmitted. The length of the SI-window is 
common for all SI messages, and is configurable. Within the SI-window, the corresponding SI message can be 
transmitted a number of times in any subframe other than MBSFN subframes, uplink subframes in TDD, and subframe 
#5 of radio frames for which SFN mod 2 = 0. The UE acquires the detailed time-domain scheduling (and other 
information, e.g. frequency-domain scheduling, used transport format) from decoding SI-RNTI on PDCCH (see TS 
36.321 [6]). 

A single SI-RNTI is used to address SystemlnformationBlockTypel as well as all SI messages. 

SystemlnformationBlockTypel configures the SI-window length and the transmission periodicity for the SI messages. 

5.2 . 1 .3 System information val id ity and notification of changes 

Change of system information ( other than for ETWS and CMAS) only occurs at specific radio frames, i.e. the concept 
of a modification period is used. System information may be transmitted a number of times with the same content 
within a modification period, as defined by its scheduling. The modification period boundaries are defined by SFN 
values for which SFN mod m= 0, where m is the number of radio frames comprising the modification period. The 
modification period is configured by system information. 

When the network changes (some of the) system information, it first notifies the UEs about this change, i.e. this may be 
done throughout a modification period. In the next modification period, the network transmits the updated system 
information. These general principles are illustrated in figure 5 .2 . 1 .3-1 ,  in which different colours indicate different 
system information. Upon receiving a change notification, the UE acquires the new system information immediately 
from the start of the next modification period. The UE applies the previously acquired system information until the UE 
acquires the new system information. 

I 

I 

I 

I 

I 

ID 

Change notification 

o 
BCCH modification period (n) 

I 

I 

I 

ID 

Updated information 

BCCH modification period (n+l }  

Figure 5.2.1 .3-1 : Change of system Information 

The Paging message is used to inform UEs in RRC _IDLE and UEs in RRC _ CONNECTED about a system information 
change. If the UE receives a Paging message including the systemlnfoModi.fication, it knows that the system 
information will change at the next modification period boundary. Although the UE may be informed about changes in 
system information, no further details are provided e.g. regarding which system information will change. 

SystemlnformationBlockTypel includes a value tag, systemlnfo ValueTag, that indicates if a change has occurred in the 
SI messages. UEs may use systemlnfoValueTag, e.g. upon return from out of coverage, to verify if the previously stored 
SI messages are still valid. Additionally, the UE considers stored system information to be invalid after 3 hours from the 
moment it was successfully confirmed as valid, unless specified otherwise. 

E-UTRAN may not update systemlnfo Value Tag upon change of some system information e.g. ETWS information, 
CMAS information, regularly changing parameters like CDMA2000 system time (see 6.3). Similarly, E-UTRAN may 
not include the systemlnfoModification within the Paging message upon change of some system information. 

The UE verifies that stored system information remains valid by either checking systemlnfoValueTag in 
SystemlnformationBlockTypel after the modification period boundary, or attempting to find the systemlnfoModification 
indication at least modificationPeriodCoeff times during the modification period in case no paging is received, in every 
modification period If no paging message is received by the UE during a modification period, the UE may assume that 
no change of system information will occur at the next modification period boundary. IfUE in RRC _ CONNECTED, 
during a modification period, receives one paging message, it may deduce from the presence/ absence of 
systemlnfoModification whether a change of system information other than ETWS information will occur in the next 
modification period or not. 

ETWS and/or CMAS capable UEs in RRC _ CONNECTED shall attempt to read paging at least once every 
defaultPagingCycle to check whether ETWS and/or CMAS notification is present or not. 
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5.2 .2 System i nformation acqu is ition 

5.2.2 . 1  Genera l  

UE 

MasterlnformationBlock 

SystemlnformationBlockTypel 

Systemlnformation 

E-UTRAN 

Figure 5.2.2. 1 -1 :  System information acquisition, normal 

The UE applies the system information acquisition procedure to acquire the AS- and NAS- system information that is broadcasted by the E-UTRAN. The procedure applies to UEs in RRC _IDLE and UEs in RRC _ CONNECTED. 
5.2.2.2 In itiation 

The UE shall apply the system information acquisition procedure upon selecting ( e.g. upon power on) and upon re­selecting a cell, after handover completion, after entering E-UTRA from another RAT, upon return from out of coverage, upon receiving a notification that the system information has changed, upon receiving an indication about the presence of an ETWS notification, upon receiving an indication about the presence of a CMAS notification, upon receiving a request from CDMA2000 upper layers and upon exceeding the maximum validity duration. Unless explicitly stated otherwise in the procedural specification, the system information acquisition procedure overwrites any stored system information, i.e. delta configuration is not applicable for system information and the UE discontinues using a field if it is absent in system information unless explicitly specified otherwise. 
5.2.2 .3 System i nformation required by the U E  

The UE shall: 
l> ensure having a valid version, as defined below, of (at least) the following system information, also referred to as the 'required' system information: 

2> if in RRC IDLE: 
3> the MasterlnformationBlock and SystemlnformationBlockTypel as well as SystemlnformationBlockType2 through SystemlnformationBlockType8, depending on support of the concerned RATs; 

2> if in RRC CONNECTED: 
3> the MasterlnformationBlock, SystemlnformationBlockTypel and SystemlnformationBlockType2 as well as 

SystemlnformationBlockType8, depending on support of CDMA2000; 
l> delete any stored system information after 3 hours from the moment it was confirmed to be valid as defined in 5.2. 1 .3 ,  unless specified otherwise; 
I> consider any stored system information except SystemlnformationBlockTypeJO and 

SystemlnformationBlockTypel I to be invalid if systemlnfo ValueTag included in the 
SystemlnformationBlockTypel is different from the one of the stored system information ; 

5.2 .2.4 System information acquisition by the U E  

The UE shall: 
1 > apply the specified BCCH configuration defined in 9 . 1 . 1 . 1 ;  
l >  if the procedure i s  triggered by a system information change notification: 
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2> start acquiring the required system information, as defined in 5 .2.2.3 ,  from the beginning of the modification period following the one in which the change notification was received; 
NOTE 1 :  The UE continues using the previously received system information until the new system information has been acquired. 
l>  if the UE is in RRC_IDLE and enters a cell for which the UE does not have stored a valid version of the system information required in RRC_IDLE, as defined in 5.2.2.3 : 

2> acquire, using the system information acquisition procedure as defined in 5 .2.3, the system information required in RRC_IDLE, as defined in 5.2.2.3; 
1> following successful handover completion to a cell for which the UE does not have stored a valid version of the system information required in RRC_CONNECTED, as defined in 5.2.2.3 : 

2> acquire, using the system information acquisition procedure as defined in 5 .2.3, the system information required in RRC_CONNECTED, as defined in 5 .2.2.3; 
2> upon acquiring the concerned system information: 

3> discard the corresponding radio resource configuration information included in the 
radioResourceConfigCommon previously received in a dedicated message, if any; 

l>  following a request from CDMA2000 upper layers : 
2> acquire SystemlnformationBlockTypeB, as defined in 5 .2.3; 

l> neither initiate the RRC connection establishment procedure nor initiate transmission of the 
RRCConnectionReestablishmentRequest message until the UE has a valid version of the 
MasterlnformationBlock and SystemlnformationBlockTypel messages as well as SystemlnformationBlockType2 ; 

l >  if the UE is ETWS capable: 
2> upon entering a cell during RRC_IDLE, following successful handover or upon connection re-establishment: 

3> discard any previously buffered warningMessageSegment; 

3> clear, if any, the current values of messageldentijier and serialNumber for 
SysteminformationBlockTypel 1 ;  

2 >  when the UE acquires SystemlnformationBlockTypel following ETWS indication, upon entering a cell during RRC_IDLE, following successful handover or upon connection re-establishment: 
3> if schedulinglnfoList indicates that SystemlnformationBlockTypel O is present: 

4> start acquiring SystemlnformationBlockTypel O immediately; 
3> if schedulinglnfoList indicates that SystemlnformationBlockTypel 1 is present: 

4> start acquiring SystemlnformationBlockTypel 1 immediately; 
NOTE 2: UEs shall start acquiring SystemlnformationBlockTypelO and SystemlnformationBlockTypel 1 as described above even when systemlnfo ValueTag in SystemlnformationBlockTypel has not changed. 
1> if the UE is CMAS capable: 

2> upon entering a cell during RRC _IDLE, following successful handover or upon connection re-establishment: 
3> discard any previously buffered warningMessageSegment; 

3> clear, if any, stored values of messageldentifier and seria/Number for SystemlnformationBlockTypel 2 associated with the discarded warninglvfessageSegment ; 
2> when the UE acquires SystemlnformationBlockTypel following CMAS indication, upon entering a cell during RRC _ IDLE, following successful handover and upon connection re-establishment: 

3> if schedulinglnfoList indicates that SysteminformationBlockTypel 2 is present: 
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4> aquire SystemlnformationBlockTypel 2; 

NOTE 3: UEs shall start acquiring SystemlnformationBlockType12 as described above even when 
systemlnfo ValueTag in SystemlnformationBlockTypel has not changed. 

The UE may apply the received SIBs immediately, i.e. the UE does not need to delay using a SIB until all SI messages 
have been received. The UE may delay applying the received SIBs until completing lower layer procedures associated 
with a received or a UE originated RRC message, e.g. an ongoing random access procedure. 

NOTE 4: While attempting to acquire a particular SIB, if the UE detects from schedulinglnfoList that it is no longer 
present, the UE should stop trying to acquire the particular SIB. 

5. 3.2 

5.3.2 . 1  

Paging 

General 

UE 

Paging 

The purpose of this procedure is: 

Figure 5.3.2.1 -1 : Paging 

to transmit paging information to a UE in RRC _ IDLE and/ or; 

EUTRAN 

to inform UEs in RRC _IDLE and UEs in RRC _ COJ',.,"NECTED about a system information change and/ or; 

to inform about an ETWS primary notification and/ or ETWS secondary notification and/ or; 

to infonn about a CMAS notification. 

The paging information is provided to upper layers, which in response may initiate RRC connection establishment, e.g. 
to receive an incoming call. 

5.3.2.2 I n itiation 

E-UTRAN initiates the paging procedure by transmitting the Paging message at the UE's paging occasion as specified 
in TS 36.304 [4]. E-UTRAN may address multiple UEs within a Paging message by including one PagingRecord for 
each UE. E-UTRAN may also indicate a change of system information, and/ or provide an ETWS notification or a 
CMAS notification in the Paging message. 

5.3 .2 .3 Reception of the Paging message by the UE 

Upon receiving the Paging message, the UE shall: 

l >  if in RRC _ IDLE, for each of the PagingRecord, if any, included in the Paging message: 

2> if the ue-Jdentity included in the PagingRecord matches one of the UE identities allocated by upper layers: 

3> forward the ue-Identity and the en-Domain to the upper layers; 

1 > if the systemlnfoModification is included: 

2> re-acquire the required system information using the system information acquisition procedure as specified in 
5.2.2. 

I> if the etws-Jndication is included and the UE is ETWS capable: 

2> re-acquire SystemlnformationBlockTypel immediately, i.e., without waiting until the next system infonnation 
modification period boundary; 
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2> if the schedulinglnfoList indicates that SystemlnformationBlockTypel O is present: 

3> acquire SystemlnformationBlockTypeIO; 

2> if the schedulinglnfoList indicates that SystemlnformationB/ockTypel 1 is present: 

3> acquire SystemlnformationBlockTypel I ;  

l>  if the cmas-lndication is included and the UE i s  CMAS capable: 

UT09-1365 

2> re-acquire SystemlnformationBlockTypel immediately, i.e., without waiting until the next system information 
modification period boundary as specified in 5 .2. 1 .5 ;  

2>  if the schedulinglnfoList indicates that SystemlnformationBlockTypel 2 i s  present: 

3> acquire SysteminformationBlockTypel 2; 

Paging 

The Paging message is used for the notification of one or more UEs. 

Signalling radio bearer: N/ A 

RLC-SAP: TM 

Logical channel: PCCH 

Direction: E-UTRAN to UE 

Paging message 
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___ ____ _ __ _ _______ P_aging field descriptions 
en-Domain 

UT09-1 365 

_J11_clicates the origin of pagi11_9._. __________________________________ _ 
ue-ldentity 
Provides the NAS identity of the UE that is being_p9 __ ed_. ____________ __ _ _ _ _ _ _  _ 
systemlnfoModification 
If present: indication of a BC_Qtl lll<>_c:lific:8c�()11 Cl!l7�_r tl7_§1_rl SIB1 0, S IB1 1 a11c:l §11?1 ?_, 
etws-lndication 
If present: ind ication of an ETWS rima notification and/ or ETWS seconda notification. 
cmas-lndication 
_lfp�§sent: indi�!ion of a CMAS notification. 
imsi 
The International Mobile Subscriber Identity, a globally unique permanent subscriber identity, see TS 23.003 [27]. The 
first element contains the first IMSI di it, the second element contains the second IMSI digit and so on . 

SystemlnformationB/ockType 1 

SystemfnformationBlockTypel contains information relevant when evaluating if a UE is allowed to access a cell and 
defines the scheduling of other system information. 

Signalling radio bearer: NIA 

RLC-SAP: TM 

Logical channel: BCCH 

Direction: E-UTRAN to UE 

SystemlnformationB/ockType1 message 

83 IPR2024-00607 
Petitioners' Ex. 1008 

Ex.1008.00089



Section a UT09-1365 

- - --- ., .. _, . .. ................. .... _, ... ________ _  _ 
'---------------�Sy__stemlnformationB/ockType1 field descriptions 

plmn-ldentityList 
List of PLMN identities. The first listed PLMN-ldentity is the primary PLMN. 
cel/ReservedForOperatorUse 
As defined in TS 36.304 [41 _ _ ___ _ _ ___ _ 
trackingAreaCode 
I\ trackingAreaCode that is common for all the PLMNs listed. 
eel/Barred 

__ ., ___ 

'barred' means the cell is barred, as defined in TS 36.304 [4:]. 
intraFreqReselection 

- -· ,. ... ··-·---------- ----- -····-···-·- ....... ----·-····---·····- ..... ·-····-·-···-····-··----- ·--·-·-·-·-·---'-

Used to control cell reselection to intra-frequency cells when the highest ranked cell is barred , or  treated as barred by 
J!:1_�_ UE, as s�ecified in TS 36.304 [4)-
csg-lndication 
If set to TRUE the UE is only allowed to access the cell if the CSG identity matches an entry in the allowed CSG list 
that the U E  has stored. 
q-RxLevMinOffset 
Parameter Orx1evminoffset in 36.304 [4]. Actual value Orx1evm1noffse1 = IE value * 2 [dB}. If absent, apply the (default) value of 
Q_[dB] for Orx1evminoffse1- Affects the minimum reguired Rx level in the cell. 
p-Max 
Value aoolicable for the cell. 
freqBandlndicator 
Defined in TS 36. 1 0 1 [42, table 5.5-1] .  
si-Periodicity 
Periodicity of the S I-message in radio frames, such that rf8 denotes 8 radio frames, rf16 denotes 1 6  radio frames, and 
so on. · · -··· · · · -····-· ··· · ····· -····-·········- ... . . ··· · ··-····-·····-··· -·- ·· · · ·-····· · · · - · ·· · · ··· · ······ ·· - - · ·  · · · · ·· - ····· ··-· ···-·······-····- ·· · 

sib-Mappinglnfo 
List of the S IBs mapped to this Systemlnformation message.There is no mapping information of S IB2;  it is always 

_present in th� firf3t§y�ff!!?J.!nformation mef3�§19E.l l!��E:lQ in the sch(';l<!..U..HfJ.9lf!.(oJc..fsfli�t 
si-WindowLength 

. .. . . . .  -··-····· ···-··· -·- ···· 

Common SI scheduling window for all Sis.  Unit in mil l iseconds, where ms1 denotes 1 millisecond, ms2 denotes 2 
mill iseconds and so on. --····--·---·�----···-· ·-···-- -------- - ••----�----�----
systemlnfoValue Tag 
Common for all S IBs other than MIB ,  SIB 1 ,  S IB 1 0  and SIB 1 1 .  ········ - ·· ·  
csg-ldentity 
Identity of the Closed Subscriber Grau� within the erima� PLMN the cell belongs to. The I E  is present in a CSG cell .  
imsEmergencySupportlndicator 
Ind icates whether the cell supports IMS emergency bearer services for U Es in limited service mode. If absent, I MS 

'. .. Elr.1.lfi?�gE:lpc:y c:c:1IIJ�11c,t �1Jppc:iJ1(';l<:l .. 1:>y_ �E:l llE:l�Y,.,<>�K i11_ t_llE:l_c:Ell lJ<?r l,Jl::�_ir1 lir11JtE:ld service n:i9.9..E:l ........... -------··· · . .  · · ······- -------• 
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Conditional presence Explanation 
TDD This field is mandatory present for TDD; it is not present for FDD and the UE shall delete 

any existing value for this field. 

3.2 Abbreviations 

For the purposes of the present document, the abbreviations given in TR 21.905 [1] and the following apply. An 
abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in 
TR 2 1.905 [1] .  

lxRTT 
AM 
ASN.1 
ARQ 
AS 
BCCH 
BCH 
CCCH 
cco 

CMAS 
CP 
C-RNTI 
CSG 
DCCH 
DRB 
DRX 
DTCH 
DL 
DL-SCH 
ETWS 
E-UTRA 
E-UTRAN 
ENB 
EPC 
EPS 
FDD 
FFS 
GERAN 
GSM 
HARQ 
HRPD 
IE 
IMEi 
IMSI 
kB 
LI 
L2 
L3 
MAC 
MBMS 
MBSFN 
MIB 
NIA 
NACC 
NAS 
PCCH 
PDU 
PDCP 
PLMN 
QoS 
RACH 
RAT 

CDMA2000 Ix Radio Transmission Technology 
Acknowledged Mode 
Abstract Syntax Notation. I 
Automatic Repeat Request 
Access Stratum 
Broadcast Control Channel 
Broadcast Channel 
Common Control Channel 
Cell Change Order 
Commercial Mobile Alert Service 
Control Plane 
Cell RNTI 
Closed Subscriber Group 
Dedicated Control Channel 
(user) Data Radio Bearer 
Discontinuous Reception 
Dedicated Traffic Channel 
Downlink 
Downlink Shared Channel 
Earthquake and Tsunami Warning System 
Evolved Universal Terrestrial Radio Access 
Evolved Universal Terrestrial Radio Access Network 
Evolved Node B 
Enhanced Packet Core 
Enhanced Packet System 
Frequency Division Duplex 
For Further Study 
GSM/EDGE Radio Access Network 
Global System for Mobile Communications 
Hybrid Automatic Repeat Request 
CDMA2000 High Rate Packet Data 
Information element 
International Mobile Equipment Identity 
International Mobile Subscriber Identity 
Kilobyte (1000 bytes) 
Layer 1 
Layer 2 
Layer 3 
Medium Access Control 
Multimedia Broadcast Multicast Service 
Multimedia Broadcast multicast service Single Frequency Network 
Master Information Block 
Not Applicable 
Network Assisted Cell Change 
Non Access Stratum 
Paging Control Channel 
Protocol Data Unit 
Packet Data Convergence Protocol 
Public Land Mobile Network 
Quality of Service 
Random Access CHannel 
Radio Access Technology 
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RB 
RLC 
RNTI 
RRC 
RSCP 
RSRP 
RSSI 
SAE 
SAP 
SFN 
SI 
SIB 
SI-RNTI 
SPS 
SRB 
S-TMSI 
TA 
TDD 
TM 
TPC-RNTI 
UE 
UICC 
UL 
UM 
UL-SCH 
UP 
UTRAN 

Radio Bearer 
Radio Link Control 
Radio Network Temporary Identifier 
Radio Resource Control 
Received Signal Code Power 
Reference Signal Received Power 
Received Signal Strength Indicator 
System Architecture Evolution 
Service Access Point 
System Frame Number 
System Information 
System Information Block 
System Information RNTI 
Semi-Persistent Scheduling 
Signalling Radio Bearer 
SAE Temporary Mobile Station Ideritifier 
Tracking Area 
Time Division Duplex 
Transparent Mode 
Transmit Power Control RNTI 
User Equipment 
Universal Integrated Circuit Card 
Uplink 
Unacknowledged Mode 
Uplink Shared Channel 
User Plane 
Universal Terrestrial Radio Access Network 

Annex B :  Prior Art : Carrier Aggregation 

UT09-1365 

LTE-Advanced extends LTE Rel.-8 with support for Carrier Aggregation, where two or more component carriers 
( CCs) are aggregated in order to support ,•.rider transmission bandwidths up to I 00MHz and for spectrum aggregation. 

It shall be possible to configure all component carriers which are LTE Rel-8 compatible, at least when the aggregated 
numbers of component carriers in the UL and the DL are same. Not all component carriers may necessarily be LTE Rel-
8 compatible. 

A terminal may simultaneously receive or transmit one or multiple component carriers depending on its capabilities :  

An LTE-Advanced terminal with reception and/or transmission capabilities for carrier aggregation can 
simultaneously receive and/or transmit on multiple component carriers.- An LTE Rel-8 terminal can receive 
and transmit on a single component carrier only, provided that the structure of the component carrier follows the 
Rel-8 specifications. 

Carrier aggregation is supported for both contiguous and non-contiguous component carriers with each component 
carrier limited to a maximum of 110 Resource Blocks in the frequency domain using the LTE Rel-8 numerology 

It is possible to configure a UE to aggregate a different number of component carriers originating from the same eNB 
and of possibly different bandwidths in the UL and the DL. In typical TDD deployments, the number of component 
carriers and the bandwidth of each component carrier in UL and DL will be the same. 

Component carriers originating from the same eNB need not to provide the same coverage. 

5.2 

5.2.1 

User Plane 

Structure 

Compared to the Layer 2 structure of LTE Rel-8, the multi-carrier nature of the physical layer is only exposed to the 
MAC layer for which one HARQ entity is required per CC. The Layer 2 structure for the downlink is depicted on 
Figured 5.2.1-1 below. 
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r----- Radio Bearers 

ROHC 
PDCP ·•: 

r
------

RLC -<, I 
Segm. 

ARQ etc 

------- Logical Channels -------

Scheduling / Priority Handling 

Multiplexing UEn 

Transport Channels 

CC1 CCX 

Fig u re 5.2.1 -1 : Layer 2 Structure for the DL 

The Layer 2 structure for the uplink is  depicted on Figured 5 .2 . 1-2 below. 

5.2 .2 MAC 
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Figure 5.2.1 -2: Layer 2 Structure for the UL 
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From a UE perspective, the Layer 2 aspects ofHARQ are kept Rel-8 compliant unless modifications provide significant gains. There is one transport block (in absence of spatial multiplexing, up to two transport blocks in case of spatial 
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multiplexing) and one independent hybrid-ARQ entity per scheduled component carrier. Each transport block is 
mapped to a single component carrier only where all possible HARQ retransmissions also take place. A UE may be 
scheduled over multiple component carriers simultaneously but at most one random access procedure shall be ongoing 
at any time. 

5.2 .3 RLC 

Apart from a potential issue with the RLC SN size, the RLC protocol of LTE Rel-8 also applies to carrier aggregation. 

5 .2 .4 PDCP 

The PDCP protocol ofLTE Rel-8 also applies to  carrier aggregation. 

5.3 

5 .3 . 1 

Control Plane 

Structure 

The C-Plane architecture of LTE Rel-8 also applies to carrier aggregation. 

5 .3 .2 RRC procedures 

After RRC connection establishment, the configuration and/or activation of additional component carriers is performed 
by dedicated signaling. At intra-LTE handover, multiple CCs can be included in the "handover command" for usage in 
the target cell. 

5.3 .3 I d le mode procedures 

Idle mode mobility procedures of LTE Rel-8 also apply in a network deploying carrier aggregation. It should be 
possible for a network to configure only a subset of CCs for idle mode camping. 

4 
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Tit le: The best cel l  se lect ion method for read ing and reporti ng  

system information 

1 .  Abstract 

A UE can read system information of the target CSG or Hyb rid and then report it to the netwo rk 

prior to perfo rm handover. In this case, the UE has to choose on ly one  (b est ce l l) target CSG o r  
Hybrid cel ls to rea d  and report system info rmation. Since there i s  n o  detailed procedu re for 
selecting the best CSG or Hybrid cel l  for reading and reporting system information, the U E  may 
choose one among detected CSG or Hybrid ce l ls with best effort manner or com parison manner 

based on radio qua l ity. H owever, t he cu rrent best ce l l  se lectio n  does not consider the Probabi l ity 
of CSG/Hyb rid cel l handover success. Therefore, we present the best cel l  selection method fo r 
reading  and report ing system informatio n considering handover success. 

2 .  Background 

2.1 Inbound Mobility 
If a U E  d etects CSG or Hybrid ce l ls which satisfies inbou nd mobi lity conditions (e.g . fingerprint 
match), the  UE may read ta rget system info rmation d u ring DRX. If it  is possib le, the UE incl udes 
system information in the measurement repo rt message. If reading system information during 
DRX is  not possib l e, the UE sends t h e  measurement report message without system information, 
but includes a " l ikely or non-l ikely" bit which is based on the target's membership h istory. For 
exa mple, if the ta rget cel l  is the p reviously visited ce l l, the UE shou ld have the result  of 
pre l iminary a ccess check. If the resu lt was fa i lure of Handover since the targ et was non-member 
ce l l, the targ et would be ma rked as "non-l ike ly:' After reception of the measurement report 
message without system i nformation, the network may order  the UE to read system info rmation.  
As soon as the UE receives the system information reading comma nd, starts to read system 

info rm ation, and then sends secon d  measu rement report message with acquired system 
info rmation to the n etwork. 

2.2 Current cell selection for reading and reporting target system information 

Cu rrently, a UE can d etect more than o ne CSG or Hybrid cel l  which satisfies inbou nd mobi l ity 

conditions, but the U E  ca n report on ly one target CSG or Hybrid cel l's system i nformation to the 

network. Therefore, the best ta rget CSG or Hybrid cel l  to read and report system i nformation is 
decided by a random procedu re (best effo rt) or rad io qua l ity based proced u re. 
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The deta i ls of the above procedure are described as fo l lows. 

N N u m ber of CSG/Hybrid 
ce lls  are detected and 

m easurement starts 

Select a cel l  among all 
detected CSG/Hybrid cel ls 

based on satisfy som e 
condit ions (e . g .  radio qual ity) 

or best effort 

Report SI from the selected 
cel l  

End of process 

3 Problem of current art 

3.1 Problem of current method 

UT09-1 365 

The whole pu rpose of reading target system information for inbound mobi l ity prior to receiving  

network reading system information command (i.e. read ing ta rget system information during DRX), 

is reducing inbound mobi l ity delay. If the UE  can acquire system information during DRX, the U E  

does not have to use a gap to read system information of the target cel l .  However, this advantage 

is  mean ingful only i f  the handover is  successfu l .  Even i f  the UE acqu ires system information of the 

ta rget cel l , the target may not be the member ce l l .  Therefore, the UE cannot perform handover 

successfu l ly. The current best ce l l  se lection from detected CSG or Hybrid cel ls for reading and 

sending system information overlooks handover success aspect, so the new best ce l l  se lection  

method which increases the handover success rate i s  needed. 

4. Invention 

4.1 Invention General 

In the proposed scheme, t he U E  detects CSG or Hybrid target cel ls and then it has to choose the 

best cel l  based on "l ikely/non- l ike ly" information. " l ikely/non- l ike ly" information is based on UE 's 

h istory information, so if the U E  choose only "l ikely" cel l  to read system information and then 

report it to the network, the handover success rate should be h igh comparing to reading system 

i nformation of "non- l ikely" ce l l .  If there is no l ike ly cel l among detected cel ls, the best ce l l  may be 

selected from the non-l ike ly target cel ls. 

The second way is us ing membership information acqui red from system information. " l ike ly/non­

l ikely" information may not entirely be t rusted, so the UE read system information of target 
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CSG/Hybrid with the best effort manner. If there are more than one cel ls has system information, 

choose one that is the member eel I .  

4.2 Invention Details 
The deta i l  of proposed scheme is described as below flow chart: 

N N um ber of  CSG/Hybrid 
cells are detected and 

measurement starts 

.. 

If there are " likely 
cel l (s) " in detected 
CSG/Hybrid cel ls 

� -- - -- ----;�Q 

YES 

Select a cel l am ong " likely cel l (s ) "  or 
m em ber ce l l  based on some 

condit ions (e .g . radio  qual ity) or  
best effort 

Select a cell among all detected 
CSG/Hybrid cel ls based on som e 
cond itions ( e . g .  radio quality) or 

best effort 

Rerport SI from the selected cel l  -- -- -- -A lt1 

End of process ---- ---,.., lt2 

To faci l itate the description of invention, terminology definition is fi rst suggested: 

CSG cel l 

■ It is defined in  [l]. 

Hybrid ce l l  

■ It i s  defined in  [2]. 

Member CSG/Hybrid cel l  

■ Member CSG/Hybrid ce l l  is that the target cel l 's CSG-id is in  U E's al lowed CSG l ist 

Non  Member CSG/Hybrid ce l l  

■ Non Member CSG/Hybrid cel l  is that the ta rget cel l's CSG-id is not in U E's a l lowed 

CSG l ist 

Likely bit 

■ Likely bit is set for the target CSG or Hybrid cel ls which the U E  a l ready visited the 

target cel ls and the UE  was a member of the target cel ls. 

Non-Likely bit 

■ Non-Likely b it is set for the target CSG o r  Hybrid cel ls which the UE  a l ready visited 

the ta rget cel ls and the U E  was a non member of the ta rget cel ls. 
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The d etai ls of pro posed scheme a re described as fol lows: 
U E  aspect-likely/non-likely 

If a U E  detects a CSG or Hybrid target cel ls which satisfy handover conditions (e.g .  

matching fingerprint). 
■ If the target ce l l (s) is(are) " l ikely" ce l ls  

■ If there is more than one " l ikelyfj cel l s  
• Select the best radio qua l ity ce l l  as the b est cel l among l ikely cel ls; o r  
• Select o n e  a rb itrarily as  the best cel l  among l i kely ce l ls (best effort). 

■ Else (If there is on ly one " l ikely ce l l ") 
• Select the l ike ly cel l as the best cel l .  

■ Else (If there is no " l ikely" ce l l  among d etected CSG/Hybrid cel ls) 
■ Sel ect the best radio qua l ity ce l l  as the best cel l  among non- l ike ly cel ls; o r  
■ Se lect one a rb itra ri ly as the best cel l  a m ong non- l ikely cel ls (best effort); or  
■ Do not inc lude system information of the ta rget CSG/Hybrid ce l l s  (end of 

process). 
■ Read system information of the best ta rget cel l  and send the info rmation in the 

measurement report message; or  
■ Send the info rmation of the best target cel l  in the measurement report message (we 

may assume that the read ing system information is a l ready done when the U E  starts 
to measure the target cel l). 

UE aspect-member/non- member 
If a U E  detects a CSG or Hybrid ta rget cel ls which satisfy handover conditions {e.g .  
matching fingerpri nt). 
■ If the target cel l (s) is(are) member which system info rmation a re a l ready acqu i red. 

■ If there is more than one member cel ls 
• Se lect the best radio qua l ity cel l  as th e best cel l among member cel ls; o r  
• Sel ect one arbitra ri ly as the best cel l a mong member cel ls (best effort). 

■ Else (If there is on ly one member ce l l) 
• Select the member ce l l  as the best ce l l .  

■ Else (If there is no member cel l among d etected CSG/Hybrid cel ls) 
■ Select the best radio  qua l ity ce l l  as the b est cel l a mong non-member ce l ls; o r  
■ Sel ect o n e  a rbitra rily as the best ce l l  a mong non-member ce l l s  (best effort); or 
■ Do not incl ude system information of the targ et CSG/Hybrid cel ls  (end of 

process). 
■ Send the information of the best ta rget cel l  i n  the measurement report message. 
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Title : Handling of unsuccessful SI  reading 

1 .  I ntrod uction 

For inbou nd mobi l ity t o  be triggered, NW shou ld g et the req uired information for HO preparation. 
For this pu rpose, NW ca n let UE to initiate SI acq u isition. Cu rrently it is FFS what if UE fai ls to read SI 
acquisition. 

2 .  Discuss ion 

2.1 Current status and remaining issue 

Rega rding SI acq u isition on req uest by NW, we agreed the fo l lowing d u ring RAN2 #67bis: 

we wil l  s pecify a timer to l imit the m aximum duration for SI acqu isition (LTE + U M TS) 

It is FFS what U E  shou ld do if the timer expires, i.e., UE has fa i led to acqu i re SI. This document a ims 
at resolving the FFS by suggesting poss ib le  cand idates for U E  behaviors. 

2.2 UE actions at the failure of SI acquisition 

Fo r the case of U E  that has fa iled to read system information from the concerned ce l l , we can 
consider the fol l owing U E  behaviors: 

Alt.1: UE sends MR including null SI to NW 

■ From the lack of SI in th e reported M R, NW detects that U E  fa i led SI acqu isitio n. 
■ If SI reading fa i l u re is infrequent, this approach is acceptab le 
■ Typica l ly it is expected that NW would not issue HO command in response to the M R  

inc luding n u l l  SI, since eN B has not o btained info rm ation for triggering  H O. A s  a resu lt, 
HO wou ld  not be triggered.  

Alt.2: UE does not send measurement. 

■ Radio resou rce can be saved. The saving is however meaningfu l  on ly if SI reading fa i l u re 

is not infrequent. 
■ From the absence of reporting, NW should b e  a b le to d etect that U E  fa i led SI 

acqu isition 
■ Typica l ly it is expected that NW wou ld  not issue H O  com mand in response to the M R  

inc luding nu l l  SI, s ince eN B has n ot obtained information for triggering H O. A s  a resu lt, 

H O  wou ld not b e  triggered. (Sa m e  as Alt.1) 
Alt.3: U E  sends M R  including stored SI, if available, to NW. 

■ The stored SI means the SI that was o btained and stored from the previous vis it of the 

concerned cel l .  
■ If the  stored SI not ava i lab le  for the concerned cel l ,  U E  sends M R  inclu ding n u l l  SI to 

NW as it does in Altl. 
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■ From the U E  s ide, U E  may not ensure that the stored system i nformation is 100% va l id .  

From the NW perspective, NW shou ld be able to know whether the incl uded SI is a 

version of either actua l ly read SI or stored SI at previous visit. To assist NW to be aware 

of th is, it is suffic ient for U E  to inc lude ' l ikely/non- l ike ly' ind ication in the M R  instead of 

'member/non-member' indicatio n. 

■ Depending on  ' l ikely/non- l ike ly' i nd ication i n  the M R, NW cou ld decide whether it issues 

HO command or  not. (Different from Alt.1 and Alt.2) 

■ For some target CSG cel l, the requ i red time to read 

Among the three  options, a lt.3 seems to have advantages over others from the fol lowing reasons: 

Mostly HO wou ld  be successfu l in case the target cel l  is what UE has previous ly visited. 

UE is high ly l ikely to have va l id system information of the target cel l which UE a l ready visited 

before. 

No performance degradation in HO expected compared to Altl and Alt2. 

S ince NW can receive requ i red SI for su itable HO preparation, HO cou ld be triggered even i n  

case U E  has fa i led to  read SI due  to  e.g ., insufficient time to  read SI. 

Proposal 1 If U E  fa i ls to read SI with in  g iven time du ration, UE sends M R  inc luding stored SI, if 

avai lab le, to NW. 

Proposal 2 When U E  sends MR inc luding stored SI to NW, it inc ludes ' l ikely/non- l ike ly' ind ication 

instead of 'member/non-member' i nd ication 

3. Conclusion 

We summary our  proposa ls regarding U E  behaviors at the fai lure o f  S I  reading: 

Proposal 1 If UE fa i l s  to read SI within g iven t ime duration, UE sends MR inc luding stored SI, if 

avai lab le, to NW. 

Proposal 2 When U E  sends M R  inc luding stored SI to NW, it inc ludes ' l ikely/non- l ike ly' i ndication 

instead of 'member/non-member' indication 
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Title: On app lying inbou ndHO-support ind ication 

1. Introduct ion 

It was p reviously agreed that N W  can contro l inbound HO  support. This is currently imp lemented by 

introducing an indicator ' inboundHO-support'[l] which can be inc luded in e.g., 

RRCCon nectionReconfiguration. In this document we try to clarify what the scope of the indication 

should be. 

2. D iscussion 

2.1 Different results of inbound HO-su pport set to 'non-support' 

If U E  was configu red that inboundHO-support is set to 'non-support' 

Case 1: Inter-frequency case with no previously configured measConfig at U E: 

■ No proximity indication sent -+ No measurement performed on  the concerned freq -+ 
No non-SI MR  sent -+ No  inter-f HO occurs 

Case 2: Inter-frequency case with previously configured measConfig at UE: 

■ No proximity ind icat ion sent + Measurement performed on  the concerned freq + 

Non-SI M R  sent if triggered -+ ... -+ Inter-frequency HO  can occur 

Case 3 :  Intra-frequency case: 

■ No proximity indication sent (N/A) ➔ Measurement performed on the serving  freq ➔ 

Non-SI M R  sent if triggered ➔ .. . ➔ Intra-frequency HO can occu r 

It is observed that with the common configuration  of inboundHO-support set to 'non-support', 

inbound HO can o r  cannot occur depending o n  whether the HO is deemed for inter-frequency o r  

intra-frequency or  whether the U E  has measConfig for the concerned frequency. We are not sure i f  it 

wou ld  be good to have different U E  behaviors for each case. This issue can be viewed at d iffe rent 

ang le  by asking the fo l lowing question:  

Question: What is the scope of the inboundHO-support indication? 

2.2 Scope of inboundHO-support 

Regarding this scope of the indicator, there seems to be three poss ib le  approaches: 

Altl. InboundHO-support indication is app l ied on ly for case 1 

■ No change requ ired in  U E  functiona l ity. 

■ The ind ication is on ly used to suppress proximity indication. 

■ Need to clarify its scope of the indication 
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Alt2. InboundHO-su p port indication sha l l  be app l ied for i nter-frequency cases, i .e., case 1 
and case 2 
■ 

■ 

■ 

N on-SI MR should not be triggered if the inboundH O-support is configu red as 'non­
support'. 
No inter-frequency HO occu rs if the indication is set to 'non-support' 
N eed to c larify its scope of the ind ication 

Alt3. Inbound HO-support indication sha l l  be app l ied for every case, i.e., both for intra/inter­

frequency cases, i ncl uding easel, 2 and 3 .  
• Non-SI M R  should not be triggered if the inbound H O-su pport is configu red as 'non­

support '  
■ 

■ 

N o  intra -frequency HO occu rs if the ind ication is set to 'non-support' 
No inter-frequency HO occu rs if the indication is set to 'non-su ppo rt' 

If NW on ly wants to suppress proxim ity indication fro m  U E  whi le it a l lows inbound HO which does 
involve transm ission of proximity indication, then Altl should be adopted. 

On the other hand, alternative 3 seems to be the most in  l ine with the name ' inbound HO-support' 
itself. U n less NW wants to control  the inboundH O-support for each case independently, a lternative 3 
cou ld be adopted. 

3 .  Conc lus ion 

I n  this docu ment, we ask what the scope of inboundHO-su pport is. Regardi ng this q uestion, fo l lowing 
a lternatives are suggested: 

Case d efin ition: 

Case 1: Inter-frequency case with no p reviously configured measConfig at U E: 

Case 2: Inte r-freque ncy case with p reviously co nfigu red m easConfig at U E: 
Case 3: Intra-frequency case: 

Alternatives: 

Altl. InboundHO-su pport indicatio n  is a ppl ied o n ly for case 1 

Alt2. InboundHO-support indicatio n  sha l l  be appl ied for inter-frequency cases, i.e., case 1 
and case 2 
Alt3. Inbou ndHO-support indication sha l l  b e  app l ied for every case, i.e., both for intra/inter­
freq uency cases, inc lud ing easel, 2 and 3 .  

N ote that 'a pp l ied' wou l d  m e a n  that a n y  s ig n a l ing  from U E  t o  faci l itate inbound HO c a n  b e  
suppressed b y  the indication 
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Proposal 1: RAN2 is kindly requested to discuss what the scope of inboundHO-support is. 
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Title :  Radio Link Fai lure considering carrier aggregation 

1 .  I ntroduction 

This document a ims at esta bl ishing fu rther requirements and clarification for detection criterio n  of 
rad io l ink  fa i lure with consideration of carrier aggregation .  

2 .  Discussion 

2.1 Current agreement 

During RAN2 #67bis, fo l lowing agreements were made: 

Radio downl ink  fai l u re 

A. Problem detection on one CC does not n ecessari ly imply re-esta bl ishment triggering 
B. Re-estab l ish ment is triggered if a l l  P DCCH CCs fa i l  
C .  FFS if re-estab l ishment i s  even triggered u nder  more restrictive conditions {e.g. i n  case of 

problems o n  an even smal ler  su bset of CC's). 
Radio uplink fai l u re 

D. Re-estab l ishment is triggered when we lose a l l  U L  co mmun ication 
E. RLC layer re-establ ishment triggering remains the same as Re l-8. 

2.2 Remaining issues for downlink fai lure detection 

Question 1: What if not al l  P DCCH CCs are concerned for PDCCH monitoring? 

Regard ing the agreement B, we note that it is poss ib le  that UE monito rs P DCCH of part of CCs having  
P DCCH .  For exa mp le, UE  i s  configured with three CCs and a l l  th ree CCs have P DCCH .  If UE  i s  

configu red to  monito r P DCC H of  on ly a s ing l e  CC, then  the fa i lure of  the  CC should trigger re­

estab l ishment. This o bservation requires smal l  c larification of the agreement B as fo l lows: 

Proposal 1: Re-esta b lishment is triggered if all CCs including PDCCH wtitiij "Ue}{�briitcifr�9 fail 

N ext q uestion is related to the 'more restrictive cond itio ns' which is captu red in agreement C. 

Question 2: Should UE declare RLF if a security CC (having provided EARFCN for security) fai ls? 

There wou l d  be a 'security CC which provides EARFCN used for secu rity derivation. Based on the 

EARFCN, secu rity in  PDCP is estab l ished, a nd the PDCP is shared by several CCs. From the attribute of 
the source of secu rity parameter, we may th ink that the s pecia l CC should be g iven a specia l status 
than other CCs, e.g., by arguing that the fa i l u re of secu rity CC should a lways trigger re-establ ishment. 

From the PDCP perspective, however, once secu rity is estab l ished, every CC that is con nected to the 
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PDCP is considered to be possible tra nsmission path, each having the sa me importance. If fa i lu re of 
secu rity CC is just a loss of one transm ission path, a nd thus this would not always abrupt whole 
downl ink transmissions, then it is c lear that the fa i lure of security CC is not necessary condition to 
declare RLF. So we p ropose that: 

Proposal 2: Re-establishment is  not triggered if a security CC which UE is  monitoring fai ls  while 

there is at least one al ive CC including PDCCH which UE is monitoring 

Question 3: Is any other restrictive condition required to declare RLF? 

If proposal 2 is agreeable, then it wou l d  be natu ral to accept that un less there is no al ive PDCCH CC 
which U E  is monitoring, the fa i lu re of any CC should not lead to RLF d eclaration. So we propose that: 

Proposal 3: Re-esta blishment is not triggered if a non-security-CC fai ls  while there is at least one 
alive CC including PDCCH which UE is monitoring 

It shou l d  be noted that, if proposa l  1, 2 a nd 3 a re a l l  a greed, then the fa i l u re of a l l  CCs inc luding 
P DCCG wh ich UE is  monitoring becomes a necessary and s ufficient condition to declare radio 
downlink fa i lu re, and thus to trigger re-esta bl ishment. So we propose that: 

Proposal 4: Remove FFS for 'other restrictive cond itions' for RLF declaration from previous 
agreements 

Question 4: Is per DL CC failure detection supported? 

When it comes to supportabi l ity of per DL CC fa i l u re d etection, it shou ld be fi rst decided wh eth e r  
in/out-of sync from Ll i s  p e r  CC ind icatio n o r  joint indicatio n spanning several CCs. Regarding this 
q uestion, it  is noted that since we have a wel l  defined mechanism fo r fa i l u re detection of a sing l e  CC 

exists in REL-8, we should be a b l e  to reuse this mechanism as much as possib le. 

The most stra ig htforwa rd extension of existing mechanism into CA cou ld b e  to inherit the  existing 

mechanism for fa i l u re detection of each CC. Then LTE-A UE would natura l ly have per-CC DL fa i l ure 

detection mechanism, where in-sync/out-of-sync is independently indicated per each CC. The in/out­

of-sync is determ ined based o n  hypothetical PDCCH decoding e rro r rate, and com mon reference 

signa l  strength is used to calculate the PDCCH e rror rate. S ince every ca rrier has the common 

reference signals, REL-8 mecha nism to detect a fa i lu re of (DL) CC ca n be appl ied for CC fail u re 
d etection for any ca rrier type without any modification. That is, LTE-A U E  decla res the fa i l u re of 
concerned DL CC fa i l u re upon the expiry of e.g., T3 10 which needs to be defined per CC. So we 
propose: 

Proposal 5: per DL CC failure detection is supported, and the criteria of DL CC fai lure is  the same 

99 IPR2024-00607 
Petitioners' Ex. 1008 

Ex.1008.00105



Section 1 2  

a s  REL-8 mechanism 

2.3 Remaining issues for uplink failure detection 

UT09-1365 

U p l ink fa i lure can be detected upon the fa i lure of RLC trans mission fa i l u re or RACH transmission 
fa i lure. Rega rding the RLC transmission fa i lure, si nce we have a common RLC, it was sufficient and 

thus agreed i n  the previous meeting to reuse RLC layer indication as re-estab l ishment trigger. 

Rega rd ing the RACH transmission fa i lu re, it is sti l l  too early to decide anything s ince there is no 

agreed behaviors fo r RACH tra nsmission, a nd several documents are being proposed to settle this.  [1] . 
In spite of th is, if there is only o n e  RACH CC avai lab le to U E, it is obvious the MAC ind ication d ue to 
the consecutive RACH tra nsm issio n fa i l u res shou ld trigger re-esta b lishment, since U E  has no other  

option to recove r from the fa i lu re. So, in case of only one RACH CC avai la ble, LTE-A U E  shou ld  act the 
same as REL-8 regarding how to detect RACH problem and when concerned MAC ind icates the 

fa i lu re to RRC. 

Proposal 6: In case there is only one RAC H CC available, re-establishment is triggered if RACH 
problem is detected, as is done in REL-8 

Proposal 7: It is FFS for the case of more than one RACH CCs avai lable. 

3. Conclusion 

Rega rding rad io l ink  fa i l u re considering carrie r aggregation, fo l lowings are pro posed: 

Radio downlink fail ure 

Proposal 1: Re-esta blishment is triggered if al l  CCs incl uding PDCCH which UE is monitoring fail 

(C la rification of previous agreement by adding h igh l ighted ph rases) 
Proposal 2: Re-establish ment is not triggered if a secu rity CC, which UE is monitoring fails while 

there is at least one alive CC incl uding PDCCH which UE is monitoring 

Proposal 3: Re-establishment is not triggered if a non-security-CC fail s while there is at least one 
alive CC including PDCCH which U E  is monitoring 

Proposal 4: Remove FFS for other restrictive conditions for RLF declaration from previous 

agreements 

Proposal 5: per DL CC fail ure d etection is supported, and the criteria of DL CC failure is the same 

as REL-8 mechanism 

Radio uplink failure 

Proposal 6: In case there is only one RACH CC available, re-establishment is triggered if RACH 
problem is d etected, as is done in REL-8 

Proposal 7: It is FFS for the case of more than one RACH CCs available. 

1 00 IPR2024-00607 
Petitioners' Ex. 1008 

Ex.1008.00106



Section 1 3  UT09-1365 

Title: CSG cel l  detection 

1 .  I ntrod uction 

Cu rrently detection CSG cel l  i s  mostly u p  to U E  implementation. Depending o n  NW deployment a n d  
U E  implem entation, U E  may not have sufficie ntly fine resol ution of fi nger print for CSG cel l  d etection. 

In this docume nt, it is suggested that the poor resolution wou l d  resu lt  in  waste of UE battery by 
leading to useless measurement a nd eve n necessary SI reading and reporting .  To remedy th is, we 
p ropose that PCI matching of ta rget CSG cell be mandatory implemented in CSG cel l  detection. 

2 .  Discussion 

2.1 Backg round of CSG cel l  detection 

Cu rrently U E  is relying on a utonomous search to detect its possibly a l lowed CSG cel ls .  The 
a utonomous sea rch consists of finger  print test where UE 's positio n ( in genera l sense) is  estimated 
based on some g eo-reference data, e.g ., measurement resu lt of macro ce l ls, G PS, etc. S ince which 
finger print mechanism is tota l ly  up to UE implementation, un ified a nd consistent resolution of each 
finger  p rint mechanism ca n not be expected among U Es and even among NW deployment scena rio. 

For exa mple, if U E  cou nts on macro ce l l  measurement for finger print implementation, the resol ution 
of finger print is q u ite affected by NW environment, e.g., how d ensely the macro ce l ls are d eployed. 
When U E  is operating u nder non-crowded a rea, e.g., ru ra l p lace, U E  may experience and measure 
qu ite sma l l  number of macro ce l ls. In  the worst scenario from finger print perspective, the case that 
on ly a single cel l  ca n be seen by the UE cannot be excluded. The less neighbor ma cro cel ls are seen, 
the less the finger  p rint resolution wou ld be. 

In the cu rrent inbound mobi l ity procedu re, the detection of CSG cel l  by finger print test is informed 
to NW, i n  the name of proximity ind ication, by U E  when necessary. Since the triggering of the  

sig na l ing  i s  tota l ly u p  to UE  implementation, NW cannot expect gene ra l  behaviors reg a rding the  

proxim ity ind ication, and some bad UE  impleme ntatio n  cause a flood of  proxim ity ind ication, wast ing 

network resource. S o  it was agreed that N W  shou ld  be able to p rotect possibly a flood of such 

signa l ing from the poor  UE which may not have any mal icious wi l l  though .  

The pro b lem of  poor  finger p rint reso lution i s  not the issue of  NW s ide o nly. If the reso lutio n  of 

fing er print is not sufficiently fine, U E  can waste its battery to perform meas u rement and repo rt SI 
even when those further measurement and reporting are highly l ike ly to be u nnecessa ry. 

2.2 Problem of rough finger print from UE perspective 

Accord ing to the u ndersta nding ge nera l ly u nd e rstood in RAN2, if finger  print of macro ce l l(s) is 
matched, U E  performs measurement based on measurement config u ration.  (Measurement 

1 01 IPR2024-00607 
Petitioners' Ex. 1008 

Ex.1008.00107



Section 1 3  UT09-1 365 

configuration can be involved in between.) If the resolution of the finger print is rough, the resu lts 

from U E  perspective wou ld be that: 

More frequently UE sends proximity indication to NW, result ing in wasting radio resource 

More frequently UE performs measurement of CSG cel ls, resu lting in wasting UE current d ra in .  

, Identified as distinct with 
[ m acro cell fi nger print on!y] 

Figure 1 CSG cel l  detection based on macro cell finger print 

For example, U E  in figu re 1 has a rough f inger print resolution where two CSG cel ls  are identified to 

be located in the same finger print .  When U E  is approaching to location A, finger print becomes 

matched, and measurement report is triggered afterward. In th is case, CSG cel l  with PCI_N wou ld  

trigger measurement report. When UE  is approaching to location B ,  f inger print becomes matched, 

and measurement report is triggered. In this case, CSG cel l  with PCI_M wou ld  trigger measurement 

report. If CSG cel l  with PCI_N is an a l lowed CSG ce l l  and CSG cel l  with PCI_M is not a l lowed CSG cel l, 

Assumption 
■ U E  ever visited the CSG ce l l  with PCI_N and recorded the macro finger print when it 

visited there. That is, the finger pri nt is bound to CSG cel l  with PCI_N which must ever 

be a l lowed for the U E. 

■ CSG cel l  with PCI_N is an a l lowed CSG ce l l  

■ CSG ce l l  with PCI_M is non-a l lowed CSG cel l .  We can assume that this cel l is ever visited 

by the U E  and identified as non-a l lowed. No finger print was recorded. So this cel l  i s  

equiva lent to  the ce l l  which i s  u nknown to  the  U E. 

Case A: If U E  is approaching to CSG cell 
■ U E  detects that macro ce l l  measurement is matching with stored finger macro cel l  f inger 

print. 

■ U E  may send proxim ity ind ication 

■ U E  performs measu rement 

■ Measurement event is met for CSG cel l  with PCI_N, and then measurement report is 

t riggered on the CSG cel l with PCI_N 
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■ NW l ets U E  to read system information req u ired fo r HO p reparation 
■ U E  o bta ins the requ i red system information for the CSG ce l l  with PCI_N and reports it to 

NW 
■ NW issues H O  com mand.  

Case B: If  UE is approaching to CSG cell with PCI_M 
■ U E  detects that macro cel l measurement is matching with stored finger macro cel l  finger 

p rint. Note that the matched finger print is not actua l ly bound to the  CSG cel l  with 
PCI_M, but to the CSG cel l with PCI_N 

■ U E  may send p roximity indication 
■ U E  performs measurement 
■ Measurement event is met for CSG ce l l  with PCI_M, a nd then measu rement report is 

triggered o n  the CSG ce l l  with PCI_M 
■ NW may let U E  to read system information requ ired fo r H O  preparation 
■ U E  obtains the required system information for the CSG ce l l  with PCI_M and reports it to 

NW. U E  indicates 'non-member'  in the  report. 
■ NW d oes not issue H O  co mmand. 

As shown i n  the sequence of UE behaviors for the case B,  both UE measu rement/measurement report 
and SI acqu isition turn out to be i n  va in, s ince H O  is not triggered at the end. S ince the finger print 
area is serving as virtua l ly the a rea forcing the U E  to perfo rm active measurement fo r CSG cel ls .  This 
waste main ly comes from the fact that: 

A. S ing le finger  p rint is covering severa l CSG ce l ls. Equ iva lently, the finger print is not sufficiently 
fi ne to d isting uish CSG cel l with PCI_N from the CSG ce l l  with PCI_M 

B. Not al l  CSG cel ls under  the same finger print a re a l l owed for the U E. 

2.3 Enhancement of finger print resolution 

To enha nce the possibi l ity of enhancement of finger print reso lution, we review two facts that cause 

the waste. 

S ince the fact B suggested a bove is kind of NW e nvi ro n me nt to the U E  and is something given to U E, 
U E  cannot change this .  Nothing e lse for the U E  to b reak B seems to exist. 

Regarding the fact A, we cou l d  think of PCI match ing step to be a complementa ry remedy to the 

existing macro cel l  finger print matching.  Even thoug h  this PCI matching is q u ite s imple, it is 
sufficiently enhance finger print resol utio n, by which U E  avoids useles s  measurement and unn ecessary 

SI read ing.  M o re specifica l ly, fol l owi ngs can be considered to enhance finger pri nt reso lution: 

U E  tests finger print match ing based o n  macro cel l  measurement and stored finger p rint 
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If the finger print matching passes, U E  would fu rther attempt to read the PCI of the ta rget 

cel l  

If the PCI is read, the U E  makes a test of PCI matching, where UE  compares the PCI read from 

the ta rget cel l  with the PCI of the cel l  which is bound to the matching finger pri nt 

.... 

I dentif ied as d ist inct with 
[ macro cell f inger print +CSG 

ce l l  PCI_N m atchin g  ] 

Figure 2 CSG cel l  detection based on macro cell finger print + CSG cel l  PCI matching 

We describe expected UE  behaviors for inbound handover assuming PCI matching is also 

implemented in addition to macro cel l f inger pri nt matching mechanism for CSG cel l  d etection .  

Assumption (same as above in figure 1) 
■ U E recorded the macro finger print when it visited CSG ce l l  with PCI_N. That is, the 

fi nger pri nt is bound to CSG cel l  with PCI_N which is a l lowed for the UE. 

■ CSG cel l  with PCI_N is an a l lowed CSG cel l  

■ CSG cel l  with PCI_M is non-a l lowed CSG cel l. 

Case A': If UE is approaching to CSG cel l  with PCI_N 
■ UE  detects that macro ce l l  measurement is matching with stored finger macro cel l  f inger 

print. 

■ VE makes PCI matching test, where VE attempt to read PCI of the target cell, e.g., by cell 

search procedure, and checks if the PCI read from the target cell is matching with stored 
PCI information associated to the finger print 

■ VE sees PCI matching, and thus it considers that wrong CSG cell is detected The CSG 

cell is then discarded No further step for inbound mobility proceeded 

■ U E  may send proxim ity indication 

■ U E  performs measurement 

■ Measurement event is met for CSG cel l  with PCI_N, and then measurement report is 

triggered on the CSG ce l l  with PCI_N 
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■ NW l ets U E  to read system information req u i red for HO p reparation 
■ U E  obta ins the req u ired system informatio n for the CSG ce l l  with PCI_N and re ports it to 

NW 
■ NW issues HO com ma nd.  

Case B': If UE is  approaching to CSG cel l  with PCI_M 
■ UE d etects that m acro cel l measurement is matching with stored finger macro cel l  fi nger  

print. Note that  the matched fi nger print is  not actua l ly bound to the CSG cel l  with 
PCI_M, but to th e CSG cell with PCI_N 

■ UE makes PCI matching test, where UE attempt to read PCI of the target cell, e.g., by cell 
search procedure, and checks if the PCI read from the target cell is matching with stored 
PCI information associated to the finger print 

■ UE sees PCI not matching, and thus it considers that wrong CSG cell is detected. The 
CSG cell is then discarded No further step for inbound mobility proceeded 

• UE may send prmdmity indication 
• UE performs measurement 
• Measurement event is met for CSG cell with PCI_M, and then measurement report is 

triggered on CSG cell •uith PCI_N 
• NW may let UE to read system information required for HO preparation 
• UE obtains the required system information for the CSG cell with PCI_N and reports it to 

NV'✓. UE indicates 'non member' in the report. 
■ NW does not issue 1=10 command. 

Figu re 2 is i l l ustrating the effect of the implem ented PCI matching, where it is observed that finger  
print reso l ution i s  h ig h ly increased. 

With the s imple PCI m atch ing implemented i nto CSG cell detection, we see that UE can filter out the  

case where the UE  i s  a p proaching non-a l lowed CSG cel l, eq u iva l ently u n known CSG cel l .  U E  then 

performs measurement o n ly when it detects a l lowed CSG cel l  i n  the vicinity of where macro fin g e r  

print h a s  matched .  Th en U E  can avoid unnecessary measurement of non-a l lowed C S G  cel l . T h e  U E  

a lso avoids useless SI read i ng a n d  report ing.  

We note that PCI reading is mostly eq uiva lent to cel l  search, and the refore it  must be very q u ick and 

efficient. Th is enables the PCI match ing to be used for detecting CSG ce l l s  o n  intra/inter-frequency. 
So we p ropose: 

Proposal 1: PCI matching i s  mandatory i m plemented in CSG cell detection. 
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Section 1 3  UT09-1 365 

3 .  Conclusion 

To avoid unnecessa ry measurement a n d  useless S I  reading, w e  propose that 

Proposal 1: PCI matching is mand atory implemented in CSG cell d etection. 

By means of this proposal, UE wou ld perform measurement only when it detects a l lowed CSG ce l l  
(whether it i s  a l lowed or not is d etermined based o n  stored information) in  t h e  vici nity of where 

macro fi nger p rint has matched. 
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Section 1 

Title: 

Agenda item: 

Document for: 

Measurement procedure on DC-HSUPA 

x.x.x 

Discussion and decision 

1 I ntroduction 

UT09-1365 

"[1 ]"  has been approved as a baseline in RAN2 #6 bis meeting. Whether a primary carrier and a secondary 
carrier share a single measurement ID or each carrier uses a single measurement ID when the network 
configures an intra-frequency measurement for two frequencies used by one UE has not yet been determined 
in this baseline. How the UE notifies the network of measurement results of the secondary carrier when the 
network configures the primary and secondary carriers through a cell update confirmation message while it is 
in a CELL_PCH state has not yet been discussed in the baseline. 

Thus, how the network uses a measurement ID for a UE which uses a dual cell operation, how the UE 
operates when receiving SIBl l  or SIB12 while it is in a CELL_PCH state, and how the UE transmits 
measurement results of the secondary carrier to the network while it is in a CELL_PCH state will be defined 
and discussed in this paper. 

2 Discussion 

2.1 The number of Measurement Identity 

Normally, one intra-frequency measurement identity corresponds to one intra-frequency event. So, in order 
to allow two intra-frequency events, two intra-frequency measurement identities are needed. It means that 
two MEASUREMENT CONTROL messages should be sent in DC-HSUP A (because one measurement 
identity corresponds to a MEASUREMENT CONTROL message). 

Sending two MEASUREMENT CONTROL messages in DC-HSUP A has a good aspect that it provides 
measurement configuration flexibility to network. However, considering that the number of measurement 
identity is limited, it would be preferable to use only one measurement identity for both carriers. Since the 
geography of primary E-DCH serving cell is same as that of secondary E-DCH serving cell, it is expected 
that the measurement objects or measurement quantity per carrier would be almost same, so it might be 
enough to have same measurement identity for both carriers. 

Proposal 1: It is asked to discuss how many measurement identities should be used for intra-frequency 
measurement of dual carriers. 

From our point of view, only one measurement identity is sufficient. 

2 .2 Intra-frequency measurement system information 

Frequency information in an intra-frequency cell information list IE of a measurement report transmitted by 
a UE is added according to " [ 1 ]" that has been approved as an RRC baseline CR. The purpose of addition 
of such frequency information is to determine which carrier (primary carrier/secondary carrier) is used 
during measurement configuration between the network and the UE. Similarly, frequency information is 
also added to the intra-frequency measurement reporting criteria in the measurement control message. 

However, whether SIBl l  or SIB1 2, which indicates measurement control information to be used in one 
cell, includes frequency information has not been defined. 

Since SIB 1 1  is a value that is received by all UEs, not only a UE that performs dual cell operation in the 
corresponding cell but also a UE that performs a single cell operation receive the same SIB 1 1  value. 
However, the UE that performs a single cell operation does not require frequency information, unlike the UE 
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that performs a dual cell operation. Accordingly, there is a need to discuss about whether or not the 
network incorporates frequency information into SIBl 1 for intra-frequency measurement. 

The result of comparison between a problem when frequency information is not included in SIB 1 1  and a 
problem when frequency information is included in SIB 1 1  shows that it is better to include frequency 
information in SIB 1 1 . 

Proposal 2: SIBl 1 should contain the IE "frequency info". 

2.3 Measured Results on RACH for intra-frequency measurement 

According to " [ 1 ]" approved as the RRC baseline CR, the network may configure two frequencies for a 
UE that supports a dual cell not only through an RB control message but also through cell update 
confirmation. However, to accomplish this, a UE, which supports a dual cell and which is in a Cell_PCH 
state, should transmit measurement results of two frequencies, similar to a UE that is in a Cell_ DCH state. 

Proposal 3:  The UE in CELL_PCH state should report measurement results on two frequencies to 
network. 

When a UE which is in a Cell_PCH state transmits measurement results, measurement results on an 
RACH IE should be included in a measurement report to be transmitted. However, according to the current 
standard, frequency information is not included in measured results on an RACH IE. Accordingly, 
frequency information should be included in measured results on an RACH IE to discriminate between 
measurement results for two frequencies. 

Proposal 4: Frequency information should be included in measured results on RACH IE. 

Measured results on an RACH IE should carry a message that is as small as possible. This message may 
be transmitted through a CCCH message and the size of the transmitted message should be as small as 
possible since the size is restricted. Conventional intra-frequency measurement results information 
provides an indication of measurement results of cells corresponding to the "Maximum number of reported 
cells on RACH". Determination of the maximum number of cells which should be measured for the 
secondary carrier is a remaining issue. 

1 .  The "Maximum number of reported cells on RACH" is measured and reported, similar to the primary 
camer. 

2. The network provides a threshold, initially for the secondary carrier. 

1 )  Thereafter, cells allocated to the secondary frequency are measured. If the measured value exceeds a 
threshold received from the network, frequency and measurement results for the cells, whose measured value 
has exceeded the threshold, are reported ( or indicated). Such measurement results are reported through 
Ee/No or the like. 

3 Conclusion 

We would like to suggest following proposals with appendix in  the section 4: 

Proposal 1: It is asked to discuss how many measurement identities should be used for intra-frequency 
measurement of dual carriers. 

Proposal 2: SIBl l  should contain the IE "frequency info". 
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Proposal 3: The UE in CELL_PCH state should report measurement results on two frequencies to network. 

Proposal 4: Frequency information should be included in Measured Results on RACH IE. 

4 Append ix 

8 . 1 . 1 .6. 1 1 System Information Block type 1 1  

If the cell is not operating in MBSFN mode according to subclause 8 . 1 . 1 .6.3 the UE should store all relevant IEs 
included in this system information block. If the cell is not operating in MBSFN mode according to subclause 8. 1 . 1 .6.3 
the UE shall: 

l>  ifin idle mode: 

2> clear the variable MEASUREMENT_ IDENTITY. 

l>  if IE "FACH measurement occasion info" is included: 

2> act as specified in subclause 8.6.7. 

1>  else: 

2> may perform inter-frequency/inter-RAT measurements or inter-frequency/inter-RAT cell re-selection 
evaluation, if the UE capabilities permit such measurements while simultaneously receiving the S-CCPCH of 
the serving cell. 

l> clear the variable CELL_ INFO_ LIST; 

l>  act upon the received IE "Intra-frequency cell info list"/"Inter-frequency cell info list"/"Inter-RAT cell info list" 
as described in subclause 8.6.7.3; 

l> if the IE "Inter-frequency RACH reporting information" is included in the system information block: 

2> read the IE and use that information for the inter-frequency measurements as specified in subclause 8.5.23. 

1>  if in idle mode; or 

1> if in connected mode and if System Information Block type 12 is not broadcast in the cell: 

2> ifno intra-frequency measurement stored in the variable MEASUREMENT_IDENTITY was set up or 
modified through a MEASUREMENT CONTROL message: 

3> if included, store the IE "Intra-frequency reporting quantity" and the IE "Intra-frequency measurement 
reporting criteria" or "Periodical reporting criteria" in order to activate reporting when state CELL_ DCH 
is entered in the variable MEASUREMENT_IDENTITY. The IE "Cells for measurement" is absent for 
this measurement. The IE "Measurement Validity" is absent for this measurement after a state transition 
to CELL_ DCH; 

l> ifin connected mode and if System Information Block type 12 is not broadcast in the cell: 

2> read the IE "Traffic volume measurement system information"; 

2> if no traffic volume measurement with the measurement identity indicated in the IE "Traffic volume 
measurement system information" was set up or modified through a MEASUREMENT CONTROL message: 

3> update the variable MEASUREMENT_IDENTITY with the measurement information received in that 
IE. 

l>  if the IE "Cell selection and reselection info" is not included for a new neighbouring cell in the IE "intra­
frequency cell info list", the IE "inter-frequency cell info list" or the IE "inter-RAT cell info list" in System 
Information Block type 1 1 :  

2> use the default values specified for the IE "Cell selection and reselection info" for that cell except for the IE 
"HCS neighbouring cell information" . 

4 
IPR2024-00607 

Petitioners' Ex. 1008 
Ex.1008.00134



Section 1 UT09-1 365 

l>  if the IE "Use ofHCS" is set to "used", indicating that HCS is used, do the following: 
2> ifIE "HCS neighbouring cell information" is not included for the first new cell in the IE "Intra-frequency cell info list" , the IE "Inter-frequency cell info list" or the IE "Inter-RAT cell info list" in System Information Block type 1 1 :  

3 >  use the default values specified for the IE "HCS neighbouring cell information" for that cell. 
2> if IE "HCS neighbouring cell information" is not included for any other new cell in the IE "Intra-frequency cell info list", the IE "Inter-frequency cell info list" or the IE "Inter-RAT cell info list" in System Information Block type 1 1 :  

3 >  for that cell use the same parameter values as used for the preceding cell in the same cell info list in System Information Block type 1 1 . 
l>  if the value of the IE "Cell selection and reselection quality measure" is different from the value of the IE "Cell selection and reselection quality measure" obtained from System Information Block type 3 or System Information Block type 4: 

2> use the value of the IE from this System Information Block and ignore the value obtained from System Information Block type 3 or System Information Block type 4. 
1> if in connected mode, and System Information Block type 12  is indicated as used in the cell: 

2> read and act on information sent in System Information Block type 12 as indicated in subclause 8 . 1 . 1 .6 . 1 2. 
l>  if IE "MBSFN frequency list" is included: 

2> act as specified in subclause 8 .6.9.9ac. 
For 1 .28 Mcps TDD if the cell is operating in MBSFN only mode according to subclause 8 . 1 . 1 .6.3 the UE shall: 

l> store the frequencies and their corresponding "cell parameter ID" indicated in the IE "MBSFN LCR TDD frequency list" included in the IE "MBSFN frequency list" . 
If the cell is operating in MBSFN mode according to subclause 8 . 1 . 1 .6 .3  the UE may: 

l>  for FDD and 3 .84/7.68 Mcps TDD consider the cells indicated in the IE "Intra-frequency cell info list" in the IE "Intra-frequency measurement system information" as candidates for the selection of the MBSFN cluster; 
1> for 1 .28 Mcps TDD consider there exist MBSFN clusters deployed with the frequencies and their corresponding "cell parameter ID" stored. 

For 1 .28 Mcps TDD if the cell is not operating in MBSFN only mode but associated with one or more MBSFN clusters the UE shall: 
l>  store the frequencies and their corresponding "cell parameter ID" indicated in the IE "MBSFN LCR TDD frequency list" included in the IE "MBSFN frequency list" ; 
I> consider there exist MBSFN clusters deployed with the frequencies and their corresponding "cell parameter ID" stored; 
1> search an MBSFN cluster in MBSFN only mode with its frequency and corresponding "cell parameter ID" for monitoring the MBMS services delivered in dedicated MBSFN frequency layer. 
NOTE: The IE "Intra-frequency cell info list" may not include information about all neighbouring MBSFN clusters 

For FDD, the UE shall: 
1> When the IE "frequency info" is included in the IE "Intra-frequency measurement system information" from System Information Block type 1 1 , 

2> ifUE does not support multi cell E-DCH operation, 
3>ignore the received IE and the UE behaviour is undefined. 
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2> else 
3> measure the frequency adjacent to frequency of the current cell among the frequencies in the IE "Frequency Info" 

8. 1 . 1 .6. 1 2  System Information Block type 1 2  

If in connected mode, the UE should store all relevant IEs included in this system information block. The UE shall: 
l> after reception of System Information Block type 1 1 ;  and 
l>  after reception of System Information Block type I Ibis, if broadcast in the cell: 

2> update the variable MEASUREMENT _IDENTITY with the measurement information in the received IEs unless specified otherwise. 
1 > if IE "F ACH measurement occasion info" is included: 

2> act as specified in subclause 8.6.7. 
I> else: 

2> may perform inter-frequency/inter-RAT measurements or inter-frequency/inter-RAT cell re-selection evaluation, if the UE capabilities permit such measurements while simultaneously receiving the S-CCPCH of the serving cell. 
l >  act upon the received IE "Intra-frequency cell info list"/"Inter-frequency cell info list"/"Inter-RAT cell info list" as described in subclause 8.6.7.3; 
1 > if any of the IEs "Intra-frequency measurement quantity", "Intra-frequency reporting quantity for RACH reporting" ,  "Maximum number of reported cells on RACH" or "Reporting information for state CELL_ DCH" are not included in the system information block: 

2> read the corresponding IE(s) in system information block type 1 1  and use that information for the intra­frequency measurement. 
l>  if the IE "Inter-frequency RACH reporting information" is included in this system information block or in System Information Block type 1 1 : 

2> if the IE is not included in the system information block, read the corresponding IE(s) in System Information Block type 1 1 ;  
2> use the received information for the inter-frequency measurements as specified in subclause 8.5.23.  

l>  if included in this system information block or in System Information Block type 1 1 :  
2> if no intra-frequency measurement in the variable MEASUREMENT_IDENTITY was set up or modified through a MEASUREMENT CONTROL message: 

3> store the IE "Intra-frequency reporting quantity" and the IE "Intra-frequency measurement reporting criteria" or "Periodical reporting criteria" in order to activate reporting when state CELL_DCH is entered in the variable MEASUREMENT_ IDENTITY. The IE "Cells for measurement" is absent for this measurement. The IE "Measurement Validity" is absent for this measurement after a state transition to CELL_DCH; 
1 > if the IE "Traffic volume measurement system information" is not included in this system information block: 

2> read the corresponding IE in System Information Block type 1 1. 
1>  if the IE "Traffic volume measurement system information" was received either in this system information block or in System Information Block type 1 1 :  

2> if no traffic volume measurement with the measurement identity indicated in the IE "Traffic volume measurement system information" was set up or modified through a MEASUREMENT CONTROL message: 
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3> update the variable MEASUREMENT_ IDENTITY with the measurement information received in that 
IE. 

l >  if in CELL_FACH state: 

2> start or continue the traffic volume measurements stored in the variable MEASUREMENT_IDENTITY that 
are valid in CELL_FACH state. 

l >  if the IE "Cell selection and reselection info" is not included for a new neighbouring cell in the IE "Intra­
frequency cell info list" , the IE "Inter-frequency cell info list" or the IE "Inter-RAT cell info list" in System 
Information Block type 12: 

2> use the default values specified for the IE "Cell selection and reselection info" for that cell except for the IE 
"HCS neighbouring cell information". 

1> if the IE "Use ofHCS" is set to "used", indicating that HCS is used, do the following: 

2> if IE "HCS neighbouring cell information" is not included for the first new cell in the IE "Intra-frequency cell 
info list", the IE "Inter-frequency cell info list" or the IE "Inter-RAT cell info list" in System Information 
Block type 12: 

3> use the default values specified for the IE "HCS neighbouring cell information" for that cell. 

2> if IE "HCS neighbouring cell information" is not included for any other new cell in the IE "Intra-frequency 
cell info list",  the IE "Inter-frequency cell info list" or the IE "Inter-RAT cell info list" in System Information 
Block type 12: 

3> for that cell use the same parameter values as used for the preceding cell in the same cell info list in 
System Information Block type 12. 

l >  if the value of the IE "Cell selection and reselection quality measure" is different from the value of the IE "Cell 
selection and reselection quality measure" obtained from System Information Block type 3 or System 
Information Block type 4: 

2> use the value of the IE from this System Information Block and ignore the value obtained from System 
Information Block type 3 or System Information Block type 4. 

If in idle mode, the UE shall not use the values of the IEs in this system information block 

For FDD, the UE shall: 

l >  When the IE "frequency info" is included in the IE "Intra-frequency measurement system information" from 
System Information Block type 12, 

2> ifUE does not support multi cell E-DCH operation, 

3>ignore the received IE and the UE behaviour is undefined. 

2> else 

3> measure the frequency adjacent to frequency of the current cell among the frequencies in the IE 
"Frequency Info" 

8.5.23 Measured results on RACH 

When transmitting an uplink RRC message and System Information Block type 11, System Information Block type 
I Ibis and System Information Block type 12, if transmitted, have been received, the UE shall: 

l> if the uplink RRC message is an RRC CONNECTION REQUEST message: 

2> if the IE "Intra-frequency reporting quantity for RACH reporting" and the IE "Maximum number of reported 
cells on RACH" are included in System Information Block type 11: 

3> include a measurement report in the IE "Measured results on RACH" ,  as specified in the IE "Intra­
frequency reporting quantity for RACH reporting" and the IE "Maximum number of reported cells on 
RACH" in System Information Block type 11. 
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2> if the IE "Inter-frequency RACH reporting information" is included in System Information Block type 1 1 :  
3> if, at the time the message is to be sent, valid measurements are available; and 
3> there is one or more cells for which the quantity, indicated by the IE "Reporting quantity" in the IE "Inter­frequency RACH reporting information", exceeds the threshold specified by the IE "Inter-frequency RACH reporting threshold" : 

4> include a measurement report in the IE "Measured results on RACH" ; 
4> include the cells for which the quantity, indicated by the IE "Reporting quantity" in the IE "Inter­frequency RACH reporting information", exceeds the threshold specified by the IE "Inter-frequency RACH reporting threshold"; 
4> set the IE "Inter-frequency cell indication- SIB l l "  to the following value: Value_Tag MOD 2, with Value_ Tag corresponding to the value tag of System Information Block Type 1 1 ;  
4> set the IE "Inter-frequency cell indication- SIB 12" to any value. 

l>  for any other uplink RRC message which optionally includes the IE "Measured results on RACH": 
2> if the IE "Intra-frequency reporting quantity for RACH reporting" and the IE "Maximum number of reported cells on RACH" are included in System Information Block type 12 (or " System Information Block Type 1 1 " ,  i f  these IEs are not included in the broadcast "System Information Block Type 12"  or "System Information Block Type 12" is not being broadcast). 

3> include a measurement report in the IE "Measured results on RACH", as specified in the IE "Intra­frequency reporting quantity for RACH reporting" and the IE "Maximum number of reported cells on RACH" in System Information Block type 12 ( or "System Information Block Type 1 1 " if these IEs are not included in the broadcast "System Information Block Type 12" or "System Information Block Type 12" is not being broadcast).3> if the UE supports multi cell E-DCH operation: 
4> if one frequency among the IE "Frequency info" of the "New intra-frequency cells" in the IE "Intra­frequency measurement system information" is  adjacent frequency of the current cell; 

5> include a measurement report corresponding to adjacent frequency of the current cell in the IE "Measured results on RACH", as specified in the IE "Intra-frequency reporting quantity for RACH reporting" . 
2> if the IE "Inter-frequency RACH reporting information" is included in "System Information Block type 12" (or "System Information Block Type 1 1 " if this IE is not included in the " System Information Block Type 12" or if "System Information Block Type 12" is not being broadcast): 

3> if, at the time the message is to be sent, valid measurements are available; and 
3> there is one or more cells for which the quantity, indicated by the IE "Reporting quantity" in the IE "Inter­frequency RACH reporting information", exceeds the threshold specified by the IE "Inter-frequency RACH reporting threshold" : 

4> include a measurement report in the IE "Measured results on RACH"; 
4> include the cells for which the quantity, indicated by the IE "Reporting quantity" in the IE "Inter­frequency RACH reporting information", exceeds the threshold specified by the IE "Inter-frequency RACH reporting threshold"; 
4> set the IE "Inter-frequency cell indication- SIB l 1 "  to the following value: Value_Tag MOD 2, with Value_ Tag corresponding to the value tag of System Information Block Type 1 1 ;  
4> if "System Information Block Type 12" is being broadcast: 

5> set the IE "Inter-frequency cell indication- SIB12" to the following value: Value_Tag MOD 2 ,  with Value_ Tag corresponding to the value tag of System Information Block Type 12.  
4> else: 

5> set the IE "Inter-frequency cell indication- SIB 12" to any value. 
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I> include in the IE "Measured results on RACH" all requested reporting quantities for cells for which 
measurements are reported. 

UT09-1365 

NOTE: The UE only includes measurement results for neighbour cells for which valid measurements are 
available at the time the message is sent. At cell access following selection or reselection to a cell, the 
UE may not have had sufficient time to obtain valid measurement results for neighbour cells. 

I> for messages transmitted on CCCH, take care that the maximum allowed message size is not exceeded when 
forming the IE "Measured results on RACH", i.e. limit the number of included neighbour cells or if required 
omit the IE "Measured results on RACH" altogether. When limiting the number of included neighbouring cells, 
the number of inter-frequency cells should be limited first i.e. inter-frequency cells should be omitted before 
limiting the number of intra- frequency cells. 

When transmitting an uplink RRC message and the System Information Block type 11, System Information Block type 
1 l bis and System Information Block type 12, if transmitted, have not been received, the UE shall: 

l >  for any uplink RRC message which optionally includes the IE "Measured results on RACH", include a 
measurement report in the IE "Measured results on RACH" according to the following rules: 

2> if the IE "Intra-frequency reporting quantity" was not present in System Information Block type 3 :  

3> include a measurement report for the serving cell using CPICH RSCP as a measurement quantity; 

3> include measurement reports for cells on the used frequency for which measured results are available, 
using CPICH RSCP as measurement quantity for each cell; 

3> omit the IE "Measurement results for monitored cells on non-used frequencies" .  

2> if the IE " Intra-frequency reporting quantity" was present in System Information Block type 3 :  

3> include a measurement report for  the serving cell using as a measurement quantity given in  IE  "Intra­
frequency reporting quantity"; 

3> include measurement reports for cells on the used :frequency for which measured results are available, 
using as a measurement quantity given in IE "Intra-frequency reporting quantity" for each cell; 

3>  omit the IE "Measurement results for monitored cells on non-used frequencies". 

2> for TDD, include measurement reports using the measurement quantities specified in the IE "Reporting 
quantity list" .  

If the IE "Measured results on  RACH" is present in  the message, the UTRAN should extract the contents to  be used for 
radio resource control. 

1 0 .3.7.45 Measured results on RACH 

For measurements on used :frequency, this IE contains the measured results on RACH of the quantity indicated by 
Reporting quantity in the IE "Intra-frequency reporting quantity for RACH Reporting" in system information broadcast 
on BCH. The list, measurement results for monitored cells (not including the current cell) shall be in the order of the 
value of the measurement quantity as indicated by Reporting Quantity in the IE "Intra-frequency reporting quantity for 
RACH Reporting" (the first cell shall be the best cell). 

For measurements on non-used frequencies, this IE includes the best cell on each non- used frequency, in order of 
decreasing quality and up to a maximum number as specified by the IE "Maximum number of inter-frequency RACH 
reporting cells". 

The "best" FDD cell has the largest value when the measurement quantity is "Ee/No" or "RSCP" .  On the other hand, the 
"best" cell has the smallest value when the measurement quantity is "Pathloss". The "best" TDD cell has the largest 
value when measurement quantity is "Primary CCPCH RSCP". 

Information Element/group 
name 

Need Multi 
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I nformation Element/group 
name 

Measurement result for current 
cell 
>CHOICE mode 
>>FDD 
>>>CHOICE measurement 
auantitv 
>>>>CPICH Ee/NO 

»>>CPICH RSCP 

>>>>Pathloss 

>>TDD 
>>>CHOICE TDD option 
>>>>3.84 Mcos TDD 
>>>>> Timeslot List 
>>>>>> Timeslot ISCP 

>>> 7 .68 Mcps TDD 
>>>> Timeslot List 
>>>>> Timeslot ISCP 

>>>>1 .28 Mcos TDD 
>>>>> Timeslot List 
>>>>>> Timeslot !SCP 

>>>Primary CCPCH RSCP 

Measurement results for 
monitored cells on used 
frequency 
>SFN-SFN observed time 
d ifference 

>CHOICE mode 
>>FDD 
>>>Primary CPICH info 

Need 

MP 

MP 

MP 

MP 

OP 
MP 

OP 
MP 

OP 
M P  

OP 

OP 

OP 

M P  

M P  

Multi 

1 to 1 4  

1 to 1 4  

1 to 6 

1 to 1 2  

1 0  

UT09-1365 

Type and Semantics Version 
reference description 

One spare value 
is needed. 

lnteger(0 . .49 In dB. According 
) to CPICH_Ec/No 

in [1 9). 
Fourteen spare 
values are 
needed. 

l nteger(0 .. 9 1  In dBm. According 
) to 

CPICH_RSCP _LE 
V in [1 9]. 
Thirty-six spare 
values are 
needed. 

Integer( 46 . .  1 I n  dB. 
58) Fifteen spare 

values are 
needed. 

REL-4 
REL-4 

Timeslot The UE shall 
ISCP info report the 
1 0.3.7.65 Timeslot ISCP in 

the same order as 
ind icated in the 
cell i nfo 

REL-7 
REL-7 

Timeslot The UE shall REL-7 
ISCP info report the 
1 0.3.7.65 Timeslot ISCP in 

the same order as 
indicated in the 
cell info 

REL-4 
REL-4 

Timeslot The UE shall REL-4 
ISCP info report the 
1 0.3.7.65 Timeslot ISCP in 

the same order as 
indicated in the 
cell info 

Primary 
CCPCH 
RSCP info 
1 0.3.7.54 

SFN-SFN 
observed 
time 
d ifference 
1 0.3.7.63 

Primary 
CPICH info 
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I nformation Element/group Need Multi 
name 

>>>Frequency info OP 

>>>CHOICE measurement OP 
quantity 
>>>>CPICH Ee/NO 

»>>CPICH RSCP 

>>>>Path loss 

>>TDD 
>>>Cell parameters Id M P  

>»Primary CCPCH RSCP M P  

Measurement results for OP 
monitored cells on non-used 
frequencies 
> Inter-frequency cell indication- M P  
SIB1 1 
>Inter-frequency cell indication- M P  
S I B 1 2  
> Inter-frequency cell list M P  1 to 

<maxFreq 
> 

>>Inter-frequency cell id M P  

NOTE: Monitored cells consist of neighbouring cells. 

Type and 
reference 

1 0.3.6.60 
Enumerated 
(TRUE) 

Integer( 0 . .49 
) 

l nteger(0 . .  91 
) 

Integer( 46 . .  1 
58) 

Cell 
parameters 
Id 1 0.3.6.9 
Primary 
CCPCH 
RSCP info 
1 0.3.7.54 

Integer (0 .. 1 }  

Integer (0 . .  1 }  

l nteger(0 . .  
<maxCellMe 
as>- 1 ) 

1 4 . 1 .2  I ntra-frequency reporting events for FOO 

Semantics Version 
description 

Absence of this IE  REL-9 
means it is the 
primary UL 
frequency. 
One spare value 
is needed. 
In  dB. According 
to CPICH_Ec/No 
in [ 19] .  
Fourteen spare 
values are 
needed. 
In dBm. According 
to 
CPICH_RSCP _LE 
V in [1 9]. 
Thirty-six spare 
values are 
needed. 
In dB. 
Fifteen spare 
values are 
needed. 

REL-6 

REL-6 

REL-6 

REL-6 

REL-6 

Within the measurement reporting criteria field in the Measurement Control message the UTRAN notifies the UE 
which events should trigger a measurement report. The listed events are the toolbox from which the UTRAN can 
choose the reporting events that are needed for the implemented handover evaluation function, or other radio network 
functions. 

All the specified events are measured with respect to any of the measurement quantities given in subclause 14. 1 . 1 .  The 
measurement quantities are measured on the monitored primary common pilot channels (CPICH) of the cell defined in 
the measurement object. 

Special mechanisms for the events are illustrated in subclause 14. 1 .4 and 14. 1 .5 .  
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NOTE: The events below are numbered lA, 1B, 1 C, . . .  since all intra-frequency reporting events would be 
labelled IX, inter-frequency reporting events would be labelled 2X, and so on for the other measurement 
types. 

When one intra-frequency measurement identity corresponds to multiple intra-frequency events with identical event 
identities, the UE behaviour is not specified, excpet that SECONDARY_ E _ DCH _ TRANSMISSION is set to TRUE. 

NOTE: A intra-frequency measurement identity corresponds to two intra-frequency event when DC-HSUP A is 
configured. 
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Title: 

Agenda item: 

Document for: 

De-activation/Re-activation of Secondary Carrier 

x.x.x 

Discussion and decision 

1 I ntroduction 

UT09-1365 

In Dual Cell E-DCH operation, unlike the primary carrier, the secondary carrier is dynamically activated/de-activated by Node B. The UE behaviour when the secondary carrier deactivated is re-activated has not been discussed. 
Therefore, this paper discusses what the UE does when secondary carrier is de-activated and re-activated. 

2 Discussion 

2 .1 Flush of HARQ process buffer on secondary carrier 

When the secondary carrier is de-activated, the data to be transmitted on the carrier might be remained in the HARQ process buffer on the UE. Assuming that Node B receives data on the secondary carrier from the UE then transmits the HARQ ACK to the- UE and de-activates the secondary carrier. If ACK-to-NACK error occurs at the UE side-, the UE will not flush HARQ process buffer on the secondary carrier. Moments later if the secondary carrier is re-activated by Node B, the UE might try to re-transmit the data in the HARQ process buffer since the buffer is not empty. In order to prevent this problem, the UE should flush HARQ process buffer on the secondary carrier when the carrier is de­activated ( or re-activated). 
Proposal 1 :  The UE shall flush HARQ process buffer corresponding to the secondary carrier when secondary 
carrier is de-activated (or re-activated). 

2.2 Initial variables on secondary carrier 

When the secondary carrier is de-activated, the UE does not initialize the variable and timers related to Serving Grant Update function. Therefore, when the secondary carrier is re-activated, the UE might use the value calculated at deactivation. It leads that after the secondary carrier is re-activated the UE may start to transmit data even if the UE has not received the Serving Grant from Node B. 
Hence, the UE needs to initialize variables and timers related to Serving Grant Update Function when the secondary carrier is re-activated (or de-activated) similarly to initialization of them when Dual Cell E-DCH operation is configured. 
Proposal 2: The UE shall initialize variables and timers related to Serving Grant Update function when the 
secondary carrier is re-activated ( or de-activated). 

3 Conclusion 

For the correct operation of secondary carrier, the followings are proposed at secondary carrier de-activation or re­activation: 
Proposal 1 :  The UE shall flush HARQ process buffer corresponding to the secondary carrier. 

Proposal 2: The UE shall initialize variables and timers for Serving Grant Update function when the secondary 
carrier is re-activated (or de-activated). 

A text proposal is attached in section 4. 
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4 Append ix 

1 1 .8. 1 .3.2 Handling at start of E-DCH transmiss ion 

In CELL_DCH state when E-DCH transmission is started or Secondary Uplink Frequency is re-activated by lower layer, the UE shall on that carrier: 
activate all HARQ processes; 
if the IE's "Serving Grant value" and "Primary/Secondary Grant Selector" are provided by higher layers: 

- update the state variables and timers according to subclause 1 1 .8 . 1 .3 .5 .  
- else: 

- initialise the state variable Serving_ Grant to Zero_ Grant; 
- initialise the state variable Primary_ Grant_Available to "False"; 
- initialise the state variable Stored_ Secondary_ Grant to "Zero_ Grant" . 

- initialise the state variables reference_ ETPR and reference_ ETPR2 to "Minimum_ Grant" ; 
- initialise the state variable Maximum_ Serving_ Grant to the highest possible value ( i.e. index 3 7 in table 9.2.5.2. 1 . 1  or 9.2.5.2. 1 .2 as configured by higher layers). 

Next )Hotfified Section 

1 1 .8. 1 . 1 0  De-activation on Secondary Uplink Frequency 

If Secondary Uplink Frequency is de-activated by lower layer, the UE shall on the secondary carrier: 
deactivate all HARQ processes and flush all buffers; 
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Title: 3=C Agreements on Carrier Aggregation 

Reason for change: 3=C RAN2 has agreed some control plane aspects related to carrier aggregation 

Summary of change: 3=C In subclause 5.3.2.1 (new), transmission of CC specific system information on 
the BCCH of the CC is explained. 

Consequences if 
not approved: 
Clauses affected: 

Other specs 
affected: 

Other comments: 

3=C 

In  subclause 5.3.2.2 (new), deta ils of the "speqial cell'" are included. Usage of 
RRCConnectionReconfiguration message is also explained for the 
reconfiguration, addition and removal. of CCs. Triggers agreed for re­
establishment are also listed. 

In addition, editorial corrections are also included. to subclause 5,1 . 

RAN2 agreements on Carrier Aggregation are not captured in 36.91 2. 

3=C 5 

3=C Other core specifications 
Test specifications 
O&M Specifications 

3=C 
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5 Support of wider bandwidth 

5. 1 General 

LTE-Advanced extends LTE Rel.-8 with support for Carrier Aggregation, where two or more component carriers 
(CCs) are aggregated in order to support wider transmission bandwidths up to 100MHz and for spectrum aggregation. 

It shall be possible to configure all component carriers which are L TE Rel-8 compatible, at least when the aggregated 
numbers of component carriers in the UL and the DL are the same. Not all component carriers may necessarily be LTE 
Rel-8 compatible. 

A terminal may simultaneously receive or transmit one or multiple component carriers depending on its capabilities: 

An LTE-Advanced terminal with reception and/or transmission capabilities for carrier aggregation can 
simultaneously receive and/or transmit on multiple component carriers. 

An LTE Rel-8 terminal can receive and transmit on a single component carrier only, provided that the structure 
of the component carrier follows the Rel-8 specifications. 

Carrier aggregation is supported for both contiguous and non-contiguous component carriers with each component 
carrier limited to a maximum of 110 Resource Blocks in the frequency domain using the LTE Rel-8 numerology 

It is possible to configure a UE to aggregate a different number of component carriers originating from the same eNB 
and of possibly different bandwidths in the UL and the DL. In typical TDD deployments, the number of component 
carriers and the bandwidth of each component carrier in UL and DL will be the same. 

Component carriers originating from the same eNB need not to provide the same coverage. 

The spacing between centre frequencies of contiguously aggregated component carriers shall be a multiple of 300 kHz. 
This is in order to be compatible with the 1 00 kHz frequency raster of LTE Rel-8 and at the same time preserve 
orthogonality of the subcarriers with 15 kHz spacing. Depending on the aggregation scenario, the n*300 kHz spacing 
can be facilitated by insertion of a low number of unused subcarriers between contiguous component carriers. 

5.2 User Plane 

5.2.1 Structure 

Compared to the Layer 2 structure ofLTE Rel-8, the multi-carrier nature of the physical layer is only exposed to the 
MAC layer for which one HARQ entity is required per CC. The Layer 2 structure for the downlink is depicted on 
Figured 5 .2.1-1 below. 
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Radio Bearers 

Segm. 
ARQ etc 

Multiplexing UE1 Multiplexing UE. 

Transport Channels 

CC1 CCx 

Figure 5.2.1 -1 : Layer 2 Structure for the DL 

The Layer 2 structure for the uplink is  depicted on Figured 5.2.1-2 below. 

------------· Radio Bearers 

PDCP 

RLC Segm. 
ARQ etc 

------------- Logical Channels 

Schedul ing / Priority Handling 

MAC Multiplexing 

Transport Channels 

Figure 5.2. 1 -2 :  Layer 2 Structure for the UL 

5.2 .2 MAC 

UT09-1365 

From a UE perspective, the Layer 2 aspects ofHARQ are kept Rel-8 compliant unless modifications provide significant gains. There is one transport block (in absence of spatial multiplexing, up to two transport blocks in case of spatial 
1 7  
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multiplexing) and one independent hybrid-ARQ entity per scheduled component carrier. Each transport block is mapped to a single component carrier only where all possible HARQ retransmissions also take place. A UE may be scheduled over multiple component carriers simultaneously but at most one random access procedure shall be ongoing at any time. 
5.2 .3 RLC 

The RLC protocol ofLTE Rel-8 also applies to carrier aggregation and allows LTE-A to handle data rate up to lGbps. Further enhancements ( e.g. increased RLC SN) size can be considered. 
5.2.4 PDCP 

The PDCP protocol ofLTE Rel-8 also applies to carrier aggregation. 

5.3 

5.3 . 1  

Control plane 

Structure 

The C-Plane architecture ofLTE Rel-8 also applies to carrier aggregation. 
5.3 .2 

5.3.2 . 1  

RRC procedures 

System I nformation 

Each CC provides on BCCH the system information which is specific to it. The handling of system information for extension carriers is FFS. 
5.3.2.2 Connection Control 

As in LTE Rel-8, the UE only has one RRC connection with the network. One cell - the "special cell" - provides the security input and the NAS mobility information ( one ECG!, one PCI and one ARFCN). There is only one "special cell" per UE in connected mode. 
After RRC connection establishment to the "special cell", the reconfiguration, addition and removal of CCs can be performed by RRCConnectionReconfiguration including mobilityControllnfo (i.e. "intra-cell handover").  
RRCConnectionReconfiguration without mobilityControllnfo can also be used for the addition of CCs, and for the removal of CCs with the exception of the CC corresponding to the "special cell". 
At intra-LTE handover, the RRCConnectionReconfiguration with mobilityControllnfo (i.e. "handover command") can remove, reconfigure or add CCs for usage in the target cell. 
Detection of failure of one CC by the UE does not necessarily trigger a connection re-establishment. RRC connection re-establishment triggers at the UE include: 

I) The failure of all CCs on which the UE is configured to receive PDCCH; 
NOTE: FFS ifre-establishment is triggered under more restrictive conditions. 
2) The loss of all UL communication; 
3) The indication from RLC that the maximum number of retransmissions has been reached (as in Rel-8). 

5.3 .3 I d le mode procedures 

Idle mode mobility procedures ofLTE Rel-8 also apply in a network deploying carrier aggregation. It should be possible for a network to configure only a subset of CCs for idle mode camping. 
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1 I ntrod uction 

At RAN2#67bis it was discussed whether the intention of the Rel-8 specification is to include, in the UEs 
Active Time, the time between triggering of an SR until the actual transmission of the SR; i.e., whether UE 
shall monitor PDCCH from the moment a SR is triggered or from the moment an SR is transmitted. 

Some companies understood that to improve UE battery performance the UE need not monitor the PDCCH 
until the SR is transmitted. Others understood the Rel-8 intent is to have UE monitoring PDCCH also before 
the SR is transmitted and that this would be beneficial for latency reduction by means of 'pre-allocation' .  

RAN2#67bis concluded that the Rel-8 intent was to have the UE monitor the PDCCH from the moment SR 
is triggered. However, it has been identified that this behaviour will severely impact UE DRX opportunity, in 
particular for VoIP traffic. This contribution highlights the DRX issue resulting from the Rel-8 Active Time 
definition w r t  D-SR and proposes to clarify that the UE monitors PDCCH due to D-SR from the time the D­
SR is transmitted on PUCCH. 

2 DRX and D-SR induced PDCCH mon itoring 

It is understood that before the D-SR has been transmitted on PUCCH the eNB is not aware that new (higher 
priority) data has become available for transmission in the UE. Thus, assuming that UE is not in Active Time 
due to some other reason, an uplink grant would typically not be provided on PDCCH before D-SR has been 
transmitted. One exception to the rule would be the application of 'pre-allocation' of uplink resources blindly 
to the UE to optimize uplink latency. For pre-allocation the early PDCCH monitoring enables the UE to 
receive the 'unsolicited' uplink grants and reduces uplink latency. Thus, when the UE should start PDCCH 
monitoring (w r t  D-SR) would appear to be a tradeoff between UE battery efficiency and pre-allocation 
efficiency. 

2 . 1  U E  battery efficiency 

For traffic with periodic uplink transmissions where the data inter-arrival time is on the same order as the 
SR-trigger to UL-transmission latency, the behaviour confirmed at RAN2#67bis severely • limits DRX 
opportunity and performance. In the following we consider the DRX performance for VoIP. 

We assume an SR periodicity of 20ms, packet arrival uncorrelated to the SR opportunity and a constant 
packet inter-arrival time of20ms. Because the size of the VoIP packet is rather small, the UE buffer becomes 
empty between the packets and each VoIP packet triggers a regular BSR and SR. 

2 . 1 . 1  U E mon itors PDCCH from S R  trigger 

With the 'confirmed' behaviour, the UE will monitor PDCCH 

1 .  0 - 20 ms from SR trigger until D-SR opportunity 

2. at least 6 ms from D-SR opportunity until the SR is cancelled ( transmission of SR, detection by eNB, 
immediate issue of uplink grant and UE pre-PUSCH-transmission processing) 

Thus, for each VoIP packet, the minimum UE Active Time varies between 6 - 26 ms and is 1 6.8 ms on 
average if averaged over many sessions. This corresponds to a DRX potential of less than 25%. Note that 
during a session packets arrive in a very regular fashion and averaging per UE and session does not occur. 
We further note that this minimum Active Time does not include PDCCH monitoring for retransmissions, 
nor does it account for associated downlink traffic. Thus DRX opportunity may in practice be even more 
limited; possibly non-existent during the talk period of the UE 

The Active Time can be reduced by configuring the UE with a shorter D-SR periodicity. However, this 
requires more uplink resources to be allocated to PUCCH and is not always justified from a delay budget 
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point of view. Less resources will be available for PUSCH and capacity may be limited due to DRX 
considerations. To ensure that Active Time due to D-SR is less than half the VoIP packet inter-arrival time 
(i.e., below 1 0  ms), D-SR periodicity would need to be less than 5 ms. 

2 . 1 .2 UE mon itors PDCCH from S R  transmission 

If UEs' monitoring of PDCCH would start at D-SR transmission, the waiting time for D-SR opportunity is 
eliminated and UEs' D-SR induced monitoring of PDCCH is independent of the D-SR periodicity. The 
decoupling of Active Time from the D-SR periodicity is a nice property, but more important is that the D-SR 
induced PDCCH monitoring becomes significantly reduced and UEs' DRX opportunity significantly 
improved. DRX potential is nearly 75% compared to less than 25% with PDCCH monitoring from SR 
trigger. 

2.2 Pre-allocation efficiency 

W r t pre-allocation it is envisioned that UEs' lesser availability between SR trigger and D-SR transmission 
can be compensated with a shorter DRX cycle. Efficient pre-allocation can be achieved by configuring a 
shorter DRX cycle. 

3 Alternative approach 

An alternative approach to changing the definition of the D-SR induced Active Time, as proposed in 
Subsection 2.1 . 1 ,  would be to provide the eNB with detailed timing information about when the SR was 
triggered. This would allow the eNB to adjust the timing of periodic uplink grants so that they can be 
provided shortly after SR trigger and minimize the time until SR cancellation. The information could be 
provided with an uplink MAC Control element. 

While this is a feasible alternative, it seems a little more complex than redefining the start of PDCCH 
monitoring w r t  D-SR on PUCCH. 

Another alterlative is for eNB to indicate whether the UE is allowed not to monitor PDCCH during the 
period from the trigger of D-SR to actual transmission of D-SR. For example, sr_drx_indicator can be 
defined. Thus, when eNB set sr_drx_indicator to allowed through RRC signaling, the UE can start 
monitoring of PDCCH only after transmission of D-SR and this means that active time does not include the 
time period from the trigger of D-SR to actual transmission of D-SR. Thus, when eNB set sr_drx_indicator 
to not-allowed through RRC signaling, the UE should start monitoring of PDCCH as soon as the triggering 
of D-SR and this means that active time include the time period from the trigger of D-SR to actual 
transmission of D-SR. 

Or alternatively, skipping of monitoring during the period from the trigger of D-SR to actual transmission of 
D-SR.can be done if there is any configured VoIP service. Otherwise, the UE should monitor as soon as the 
triggering of D-SR. 

Or alternatively, skipping of monitoring during the period from the trigger of D-SR to actual transmission of 
D-SR.can be done if there is any configured SPS(semi persistent scheduling or configured resources). 
Otherwise, the UE should monitor as soon as the triggering of D-SR. 

4 Summary and conclusion 

For traffic with periodic uplink transmissions the behaviour confirmed at RAN2#67bis severely limits DRX 
opportunity and performance. The problem is evident especially for VoIP traffic and when data inter-arrival 
time is on the same order as the latency between SR-trigger and actual uplink transmission. Unless a 
mechanism is introduced, which provides the eNB with accurate timing information about voice data arrival 
in the UE, DRX becomes virtually disabled. To achieve acceptable DRX performance, it is proposed to 

20 
IPR2024-00607 

Petitioners' Ex. 1008 
Ex.1008.00150



Section 4 UT09-1365 

revisit the assumption that UEs monitor PDCCH from SR trigger and discuss whether UEs should rather 
monitor PDCCH from D-SR transmission or a mechanism should be introduced to enable eNB to minimize 
UE Active Time due to D-SR. Based on our analysis updating the Active Time due to D-SR is simpler and 
preferred, but introducing an uplink MAC Control element with SR delay information is also doable. 

Proposal 1 :  

Proposal 2: 

Proposal 3:  

It is  proposed to discuss whether the poor DRX performance for, e.g., VoIP is 

acceptable. 

It is proposed to clarify that, w r t D-SR, UE Active Time begins at D-SR transmission. 

If proposal 2 is not agreeable, it is proposed to introduce an uplink MAC Control 

element with SR delay information in Rel-9. 

CRs corresponding to proposal 2 are provided in [ 1 ]  and [2]. A CR corresponding to proposal 3 can be 
provided by Ericsson if proposal 3 is agreed. 
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Foreword 

This Technical Specification has been produced by the 3rd Generation Partnership Project (3GPP). 
The contents of the present document are subject to continuing work within the TSG and may change following formal TSG approval. Should the TSG modify the contents of the present document, it will be re-released by the TSG with an identifying change of release date and an increase in version number as follows: 
Version x.y.z 
where: 

x the first digit: 
1 presented to TSG for information; 
2 presented to TSG for approval; 
3 or greater indicates TSG approved document under change control. 

y the second digit is incremented for all changes of substance, i.e. technical enhancements, corrections, updates, etc. 
z the third digit is incremented when editorial only changes have been incorporated in the document. 
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1 Scope 

The present document specifies the E-UTRA MAC protocol. 

2 References 

The following documents contain provisions which, through reference in this text, constitute provisions of the present 
document. 

3 

• References are either specific (identified by date of publication, edition number, version number, etc.) or 
non-specific. 

• For a specific reference, subsequent revisions do not apply. 

• For a non-specific reference, the latest version applies. In the case of a reference to a 3GPP document (including 
a GSM document), a non-specific reference implicitly refers to the latest version of that document in the same 
Release as the present document. 

[l ] 

[2] 

[3] 

[4] 

[5] 

(6] 

[7] 

[8] 

[9] 

[10] 

3GPP TR 21.905: "Vocabulary for 3GPP Specifications". 

3GPP TR 36.213: "Evolved Universal Terrestrial Radio Access (E-UTRA); Physical Layer 
Procedures". 

3GPP TS 36.322: "Evolved Universal Terrestrial Radio Access (E-UTRA); Radio Link Control 
(RLC) protocol sped.fication". 

3GPP TS 36.323 : "Evolved Universal Terrestrial Radio Access (E-UTRA); Packet Data 
Convergence Protocol (PDCP) Specification". 

3GPP TS 36.212: "Evolved Universal Terrestrial Radio Access (E-UTRA); Multiplexing and 
channel coding". 

3GPP TS 36.214: "Evolved Universal Terrestrial Radio Access (E-UTRA); Physical layer; 
Measurements". 

3GPP TS 36.211: "Evolved Universal Terrestrial Radio Access (E-UTRA); Physical Channels 
and Modulation". 

3GPP TS 36.331: "Evolved Universal Terrestrial Radio Access (E-UTRA); Radio Resource 
Control (RRC); Protocol specification". 

3GPP TS 36.133 :  "Evolved Universal Terrestrial Radio Access (E-UTRA); Requirements for 
support of radio resource management" . 

3GPP TS 36.101: "Evolved Universal Terrestrial Radio Access (E-UTRA); User Equipment (UE) 
radio transmission and reception". 

Defin it ions and abbreviations 

3. 1 Definitions 

For the purposes of the present document, the terms and definitions given in TR 21.905 [1] and the following apply. A 
term defined in the present document takes precedence over the definition of the same term, if any, in TR 21.905 [1] .  

Active Time: Time related to DRX operation, as defined in subclause 5.7, during which the UE monitors the PDCCH 
in PDCCH-subframes. 
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mac-ContentionResolutionTimer: Specifies the number of consecutive subframe(s) during which the UE shall monitor the PDCCH after Msg3 is transmitted. 
DRX Cycle: Specifies the periodic repetition of the On Duration followed by a possible period of inactivity (see figure 3 . 1 -1 below). 

+On Duration-----Opportunity for DRX--,..; 
UE ,MIi ;,;:;:�i:; 

J 
--- -- -- DRX Cycle------ -,½  

Figure 3.1-1 : DRX Cycle 

drx-InactivityTimer: Specifies the number of consecutive PDCCH-subframe(s) after successfully decoding a PDCCH indicating an initial UL or DL user data transmission for this UE. 
drx-RetransmissionTimer: Specifies the maximum number of consecutive PDCCH-subframe(s) for as soon as a DL retransmission is expected by the UE. 
drxShortCycleTimer: Specifies the number of consecutive subframe(s) the UE shall follow the Short DRX cycle. 
drxStartOffset: Specifies the subframe where the DRX Cycle starts. 
HARQ information: HARQ information consists of New Data Indicator (NDI), Transport Block (TB) size. For DL­SCH transmissions the HARQ information also includes HARQ process ID. For UL-SCH transmission the HARQ info also includes Redundancy Version (RV). In case of spatial multiplexing on DL-SCH the HARQ information comprises a set ofNDI and TB size for each transport block. 
HARQ RTT Timer: This parameter spe-eifies the minimum amount of subframe(s) before a DL HARQ retransmission is expected by the UE. 
Msg3: Message transmitted on UL-SCH containing a C-RNTI MAC CE or CCCH SDU, submitted from upper layer and associated with the UE Contention Resolution Identity, as part of a random access procedure. 
onDurationTimer: Specifies the number of consecutive PDCCH-subframe(s) at the beginning of a DRX Cycle. 
PDCCH-subframe: For FDD UE operation, this represents any subframe; for TDD, only downlink subframes and subframes including DwPTS. 
PRACH Resource Index: The index of a PRACH within a system frame [7] 
ra-PRACH-Maskindex: Defines in which PRACHs within a system frame the UE can transmit a Random Access Preamble (see subclause 7.3). 
RA-RNTI: The Random Access RNTI is used on the PDCCH when Random Access Response messages are transmitted. It unambiguously identifies which time-frequency resource was utilized by the UE to transmit the Random Access preamble. 

NOTE: A timer is running once it is started, until it is stopped or until it expires; otherwise it is not running. A timer can be started if it is not running or restarted if it is running. A Timer is always started or restarted from its initial value. 

3.2 Abbreviations 

For the purposes of the present document, the abbreviations given in TR 21 .905 [1] and the following apply. An abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in TR 21 .905 [ 1 ]. 
BSR Buffer Status Report 
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C-RNTI Cell RNTI CQI Channel Quality Indicator E-UTRA Evolved UMTS Terrestrial Radio Access E-UTRAN Evolved UMTS Terrestrial Radio Access Network MAC Medium Access Control LCG Logical Channel Group PHR Power Headroom Report PMI Precoding Matrix Index P-RNTI Paging RNTI RA-RNTI Random Access RNTI RI Rank Indicator RNTI Radio Network Temporary Identifier SI-RNTI System Information RNTI SR Scheduling Request SRS Sounding Reference Symbols TB Transport Block TPC-PUCCH-RNTI Transmit Power Control-Physical Uplink Control Channel-RNTI TPC-PUSCH-RNTI Transmit Power Control-Physical Uplink Shared Channel-RNTI 

4 Genera l  

4. 1 I ntroduction 

The objective is to describe the MAC architecture and the MAC entity from a functional point o f  view. 

4.2 MAC arch itecture 

The description in this sub clause is a model and does not specify or restrict implementations. 
RRC is in control of configuration of MAC. 
4.2 . 1  MAC Entities 

UT09-1365 

E-UTRA defines two MAC entities; one in the UE and one in the E-UTRAN. These MAC entities handle the following transport channels: 
- Broadcast Channel (BCH); 
- Downlink Shared Channel (DL-SCH); 
- Paging Channel (PCH); 
- Uplink Shared Channel (UL-SCH); 
- Random Access Channel(s) (RACH). 

The exact functions performed by the MAC entities are different in the UE from those performed in the E-UTRAN. 
Figure 4.2. 1 . 1  illustrates one possible structure for the UE side MAC entity, and it should not restrict implementation. 
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Figure 4.2.1 .1 : MAC structure overview, U E  side 

4.3 Services 

4.3 . 1 Services provided to upper layers 

This clause describes the different services provided by MAC sublayer to upper layers. 

- data transfer 

- radio resource allocation 

4.3 .2 Services expected from physica l  layer 

The physical layer provides the following services t o  MAC: 

- data transfer services; 

- signalling ofHARQ feedback; 

- signalling of Scheduling Request; 

- measurements (e.g. Channel Quality Indication (CQI)). 

UT09-1365 

The access to the data transfer services is through the use of transport channels. The characteristics of a transport 
channel are defined by its transport format (or format set), specifying the physical layer processing to be applied to the 
transport channel in question, such as channel coding and interleaving, and any service-specific rate matching as 
needed. 

4.4 Functions 

The following functions are supported by MAC sublayer: 

- mapping between logical channels and transport channels; 
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- multiplexing of MAC SDUs from one or different logical channels onto transport blocks (TB) to be delivered to the physical layer on transport channels; 
- demultiplexing of MAC SDUs from one or different logical channels from transport blocks (TB) delivered from the physical layer on transport channels; 
- scheduling information reporting; 

error correction through HARQ; 
- priority handling between UEs by means of dynamic scheduling; 
- priority handling between logical channels of one UE; 
- Logical Channel prioritisation; 
- transport format selection. 

The location of the different functions and their relevance for uplink and downlink respectively is illustrated in Table 4.4- 1 .  
Table 4.4-1 : MAC function location and link direction association. 

MAC function UE eNB Downlink Uplink 
Mapping between logical channels and transport channels X X X 

X X X 
M ultiplexing X X 

X X 
Demultiplexing X X 

X X 
Error correction through HARQ X X X 

X X X 
Transport Format Selection X X X 
Priority handling between UEs X X X 
Priority handling between logical channels of one UE X X X 
Logical Channel prioritisation X X 
Scheduling information reporting X X 

4.5 Channel structure 

The MAC sublayer operates on the channels defined below; transport channels are SAPs between MAC and Layer 1 ,  logical channels are SAPs between MAC and RLC. 
4.5 . 1  Transport Channels 

The transport channels used by MAC are described in Table 4.5. 1 - 1 below. 
Table 4.5.1 -1 : Transport channels used by MAC 

4.5.2 

Transport channel n ame 
Broadcast Channel 
Downlink Shared Channel 
Paging Channel 
Uplink Shared Channel 
Random Access Channel 

Logical Channels 

Acronym 
BCH 

DL-SCH 
PCH 

UL-SCH 
RACH 

Downlink 
X 
X 
X 

Uplink 

X 
X 

The MAC layer provides data transfer services on logical channels. A set of logical channel types is defined for different kinds of data transfer services as offered by MAC. 
Each logical channel type is defined by what type of information is transferred. 
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MAC provides the control and traffic channels listed in Table 4.5.2-1 below. 

4.5.3 

Table 4.5.2-1 : Logical channels provided by MAC. 

Logical channel name 
Broadcast Control Channel 
Paging Control Channel 
Common Control Channel 
Dedicated Control Channel 
Dedicated Traffic Channel 

Acronym 
BCCH 
PCCH 
CCCH 
DCCH 
DTCH 

Control channel 
X 
X 
X 
X 

Traffic channel 

X 

Mapping of Transport Channels to Logical Channels 

UT09-1365 

The mapping of logical channels on transport channels depends on the multiplexing that is configured by RRC. 
4.5.3. 1 Upl ink mapping 

The MAC entity is responsible for mapping logical channels for the uplink onto uplink transport channels. The uplink logical channels can be mapped as described in Figure 4.5.3 . 1- 1 and Table 4.5.3 . 1- 1 .  

4.5.3.2 

CCCH DCCH DTCH 

-------<=>---------

RACH UL-SCH 

Uplink 
Logical channels 

Uplink 
Transport channels 

Figure 4.5.3.1-1 

Table 4.5.3.1-1 :  Uplink chan nel mapping. 

Transport channel U L-SCH 

X 
Logical channel 

CCCH 
DCCH 
DTCH 

Downl ink mapping 

X 
X 

RACH 

The MAC entity is responsible for mapping the downlink logical channels to downlink transport channels. The downlink logical channels can be mapped as described in Figure 4.5.3 .2-1 and Table 4.5.3.2-1 .  
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PCCH BCCH CCCH DCCH DTCH 

PCH BCH DL-SCH 

Figure 4.5.3.2-1 

Downlink 
Logical channels 

Downlink 
Transport channels 

Table 4.5.3.2-1 : Downlink channel mapping. 

Transport channel 
Logical chan nel 

BCCH 
PCCH 
CCCH 
DCCH 
DTCH 

MAC proced ures 

BCH 

X 

PCH 

X 

DL-SCH 

X 

X 
X 
X 

5. 1 Random Access procedure 

5 . 1 . 1  Random Access Procedure in itial ization 

The Random Access procedure described in this subclause is initiated by a PDCCH order or by the MAC sublayer 
itself. If a UE receives a PDCCH transmission consistent with a PDCCH order [5] masked with its C-RNTI, it shall 
initiate a Random Access procedure. The PDCCH order or RRC optionally indicate ra-Preamblelndex and ra-PRACH­
Masklndex. 

Before the procedure can be initiated, the following information is assumed to be available [8]: 

- the available set of PRACH resources for the transmission of the Random Access Preamble, prach-Conjigindex. 

- the groups of Random Access Preambles and the set of available Random Access Preambles in each group: 

The preambles that are contained in Random Access Preambles group A and Random Access Preambles group B 
are calculated from the parameters numberOjR.A-Preambles and sizeOJR.A-PreamblesGroupA: 

If sizeOfR.A-PreamblesGroupA is equal to numberOfR.A-Preambles then there is no Random Access Preambles 
group B. The preambles in Random Access Preamble group A are the preambles O to sizeOjR.A­
PreamblesGroupA - I and, if it exists, the preambles in Random Access Preamble group B are the preambles 
sizeOjR.A-PreamblesGroupA to numberOJR.A-Preambles - 1 from the set of64 preambles as defined in [7]. 

- if Random Access Preambles group B exists, the thresholds, messagePowerOffeetGroupB and 
messageSizeGroupA, the configured UE transmitted power, PcM,;,x [10], and the offset between the preamble and 
Msg3, deltaPreambleMsg3, that are required for selecting one of the two groups of Random Access Preambles. 

- the RA response window size ra-ResponseWindowSize. 

- the power-ramping factor powerRampingStep. 

- the maximum number of preamble transmission preambleTransMax. 
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the initial preamble power preamblelnitia!ReceivedTargetPower. 

the preamble format based offset DELTA_PREAMBLE (see subclause 7 .6). 
the maximum number ofMsg3 HARQ transmissions maxHARQ-Msg3Tx. 

the Contention Resolution Timer mac-ContentionResolutionTimer. 

UT09-1365 

NOTE: The above parameters may be updated from upper layers before each Random Access procedure is initiated. 
The Random Access procedure shall be performed as follows: 

Flush the Msg3 buffer; 
set the PREAMBLE_TRANSMISSION_COUNTER to 1 ;  
set the backoff parameter value in the UE to O ms; 
proceed to the selection of the Random Access Resource (see subclause 5 . 1 .2). 

NOTE: There is only one Random Access procedure ongoing at any point in time. If the UE receives a request for a new Random Access procedure while another is already ongoing, it is up to UE implementation whether to continue with the ongoing procedure or start with the new procedure. 
5 . 1 .2 Random Access Resource selection 

The Random Access Resource selection procedure shall be performed as follows: 
If ra-Preamblelndex (Random Access Preamble) and ra-PRACH-Masklndex (PRACH Mask Index) have been explicitly signalled and ra-Preamblelndex is not 000000: 

the Random Access Preamble and the PRACH Mask Index are those explicitly signalled. 
else the Random Access Preamble shall be selected by the UE as follows: 

IfMsg3 has not yet been transmitted, the UE shall: 
if Random Access Preambles group B exists and if the potential message size (data available for transmission plus MAC header and, where required, MAC control elements) is greater than 
messageSizeGroupA and if the pathloss is less than PcMAX -preamblelnitia!ReceivedTargetPower ­
deltaPreambleMsg3 - messagePowerO.ffeetGroupB, then: 

select the Random Access Preambles group B ;  
else: 

select the Random Access Preambles group A. 
else, ifMsg3 is being retransmitted, the UE shall: 

select the same group of Random Access Preambles as was used for the preamble transmission attempt corresponding to the first transmission ofMsg3. 
randomly select a Random Access Preamble within the selected group. The random function shall be such that each of the allowed selections can be chosen with equal probability; 
set PRACH Mask Index to 0. 

determine the next available subframe containing PRACH permitted by the restrictions given by the prach­
Configlndex, the PRACH Mask Index (see subclause 7.3) and physical layer timing requirements [2] (a UE may take into account the possible occurrence of measurement gaps when determining the next available PRACH subframe); 
if the transmission mode is TDD and the PRACH Mask Index is equal to zero: 

if ra-Preamblelndex was explicitly signalled and it was not 000000 (i.e., not selected by MAC): 
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- randomly select, ,vith equal probability, one PRACH from the PRACHs available in the determined subframe. 
- else: 

- randomly select, with equal probability, one PRACH from the PRACHs available in the determined subframe and the next two consecutive subframes. 
- else: 

- determine a PRACH within the determined subframe in accordance with the requirements of the PRACH Mask Index. 
- proceed to the transmission of the Random Access Preamble (see subclause 5 . 1 .3). 

5 . 1 .3 Random Access Preamble transmission 

The random-access procedure shall be performed as follows: 
- set PREAMBLE_ RECEIVED_ TAR GET _POWER to preamblelnitialReceivedTargetPower + DELTA _PREAMBLE + (PREAMBLE_ TRANSMISSION_ COUNTER - 1)  * powerRampingStep; 

- instruct the physical layer to transmit a preamble using the selected PRACH, corresponding RA-RNTI, preamble index and PREAMBLE _RECEIVED_ TARGET _POWER. 
5. 1 .4 Random Access Response reception 

Once the Random Access Preamble is transmitted and regardless of the possible occurrence of a measurement gap, the UE shall monitor the PDCCH for Random Access Response(s) identified by the RA-RNTI defined below, in the RA Response window which starts at the subframe that contains the end of the preamble transmission [7] plus three subframes and has length ra-ResponseWindowSize subframes. The RA-RNTI associated with the PRACH in which the Random Access Preamble is transmitted, is computed as: 
RA-RNTI= I + t_id+ l O*f_id 

Where t_id is the index of the :frrst subframe of the specified PRACH (OS t_id <10), and f_id is the index of the specified PRACH within that subframe, in ascending order of frequency domain (OS f_id< 6). The UE may stop monitoring for Random Access Response(s) after successful reception of a Random Access Response containing Random Access Preamble identifiers that matches the transmitted Random Access Preamble. 
- If a downlink assignment for this TTI has been received on the PDCCH for the RA-RNTI and the received TB is successfully decoded, the UE shall regardless of the possible occurrence of a measurement gap: 

- if the Random Access Response contains a Backofflndicator subheader: 
- set the backoff parameter value in the UE as indicated by the BI field of the Backoff Indicator subheader and Table 7.2-1 .  

- else, set the backoff parameter value in the UE to O ms. 
- if the Random Access Response contains a Random Access Preamble identifier corresponding to the transmitted Random Access Preamble (see subclause 5 . 1 .3), the UE shall: 

- consider this Random Access Response reception successful; 
- process the received Timing Advance Command (see subclause 5.2); 
- indicate the preamblelnitialReceivedTargetPower and the amount of power ramping applied to the latest preamble transmission to lower layers (i.e., (PREAMBLE_ TRANSMISSION_ COUNTER - 1) * 

powerRampingStep ); 
- process the received UL grant value and indicate it to the lower layers; 
- if ra-Preamblelndex was explicitly signalled and it was not 000000 (i.e., not selected by MAC): 
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consider the Random Access procedure successfully completed. 
else, if the Random Access Preamble was selected by UE MAC: 

set the Temporary C-RNTI to the value received in the Random Access Response message no later than at the time of the first transmission corresponding to the UL grant provided in the Random Access Response message; 
if this is the first successfully received Random Access Response within this Random Access procedure: 

if the transmission is not being made for the CCCH logical channel, indicate to the Multiplexing and assembly entity to include a C-RNTI MAC control element in the subsequent uplink transmission; 
obtain the MAC PDU to transmit from the "Multiplexing and assembly" entity and store it in the Msg3 buffer. 

NOTE: When an uplink transmission is required, e.g., for contention resolution, the eNB should not provide a grant smaller than 56 bits in the Random Access Response. 
NOTE: If within a Random Access procedure, an uplink grant provided in the Random Access Response for the same group of Random Access Preambles has a different size than the first uplink grant allocated during that Random Access procedure, the UE behavior is not defined. 

If no Random Access Response is received within the RA Response window, or if none of all received Random Access Responses contains a Random Access Preamble identifier corresponding to the transmitted Random Access Preamble, the Random Access Response reception is considered not successful and the UE shall: 
increment PREAMBLE_ TRANSMISSION_ COUNTER by 1 ;  
If PREAMBLE_ TRANSMISSION_ COUNTER = preambleTransMax + 1 :  

indicate a Random Access problem to upper layers. 
if in this Random Access procedure, the Random Access Preamble was selected by MAC: 

based on the backoff parameter in the UE, select a random backoff time according to a uniform distribution between O and the Backoff Parameter Value; 
delay the subsequent Random Access transmission by the backoff time; 

- proceed to the selection of a Random Access Resource (see subclause 5 . 1 .2). 
5 . 1 .5 Contention Resolution 

Contention Resolution is based on either C-RNTI on PDCCH or UE Contention Resolution Identity on DL-SCH. 
Once Msg3 is transmitted, the UE shall: 

start mac-ContentionResolutionTimer and restart mac-ContentionResolutionTimer at each HARQ retransmission; 
regardless of the possible occurrence of a measurement gap, monitor the PDCCH until mac­
ContentionResolutionTimer expires or is stopped; 
if notification of a reception of a PDCCH transmission is received from lower layers, the UE shall: 

if the C-RNTI MAC control element was included in Msg3 : 
if the Random Access procedure was initiated by the MAC sublayer itself and the PDCCH transmission is addressed to the C-RNTI and contains an UL grant for a new transmission; or 
if the Random Access procedure was initiated by a PDCCH order and the PDCCH transmission is addressed to the C-RNTI: 
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- consider this Contention Resolution successful; 
- stop mac-ContentionResolutionTimer; 

- discard the Temporary C-RNTI; 
- consider this Random Access procedure successfully completed. 

UT09-1365 

- else if the CCCH SDU was included in Msg3 and the PDCCH transmission is addressed to its Temporary C-RNTI: 
- if the MAC PDU is successfully decoded: 

- stop mac-ContentionResolutionTimer; 

- if the MAC PDU contains a UE Contention Resolution Identity MAC control element; and 
- if the UE Contention Resolution Identity included in the MAC control element matches the CCCH SDU transmitted in Msg3 : 

- consider this Contention Resolution successful and finish the disassembly and demultiplexing of the MAC PDU; 
- set the C-RNTI to the value of the Temporary C-RNTI; 
- discard the Temporary C-RNTI; 
- consider this Random Access procedure successfully completed. 

- else 
- discard the Temporary C-RNTI; 
- consider this Contention Resolution not successful and discard the successfully decoded MAC PDU. 

- if mac-ContentionResolutionTimer expires: 
- discard the Temporary C-RNTI; 
- consider the Contention Resolution not successful. 

- if the Contention Resolution is considered not successful the UE shall: 
- flush the HARQ buffer used for transmission of the MAC PDU in the Msg3 buffer; 
- increment PREAMBLE_ TRANSMISSION_ COUNTER by 1 ;  
- If PREAMBLE_ TRANSMISSION_ COUNTER = preambleTransMax + I :  

- indicate a Random Access problem to upper layers. 
- based on the backoff parameter in the UE, select a random backoff time according to a uniform distribution between O and the Backoff Parameter Value; 
- delay the subsequent Random Access transmission by the backoff time; 
- proceed to the selection of a Random Access Resource (see subclause 5 . 1 .2). 

5 . 1 .6 Completion of the Random Access procedure 

At successful completion of the Random Access procedure, the UE shall: 
- discard explicitly signalled ra-Preamblelndex and ra-PRACH-Masklndex, if any; 
- flush the HARQ buffer used for transmission of the MAC PDU in the Msg3 buffer. 
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5.2 Maintenance of Upl ink Time Al ignment 

The UE has a configurable timer timeAlignmentTimer which is used to control how long the UE is considered uplink time aligned [8] . 
The UE shall: 

- when a Timing Advance Command MAC control element is received: 
- apply the Timing Advance Command; 
- start or restart timeAlignmentTimer. 

- when a Timing Advance Command is received in a Random Access Response message: 
- if the Random Access Preamble was not selected by UE MAC: 

- apply the Timing Advance Command; 
- start or restart timeAlignmentTimer. 

- else, if the timeAlignmentTimer is not running: 
- apply the Timing Advance Command; 
- start timeAlignmentTimer; 

- when the contention resolution is considered not successful as described in subclause 5 . 1 .5, stop 
timeAlignmentTimer. 

- else: 
- ignore the received Timing Advance Command. 

- when timeAlignmentTimer expires: 

5.3 

- flush all HARQ buffers; 
- notify RRC to release PUCCH/SRS; 
- clear any configured downlink: assignments and uplink grants. 

DL-SCH data transfer 

5 .3 . 1  DL Assignment reception 

Downlink assignments transmitted on the PDCCH indicate if there is  a transmission on the DL-SCH for a particular UE and provide the relevant HARQ information. 
When the UE has a C-RNTI, Semi-Persistent Scheduling C-RNTI, or Temporary C-RNTI, the UE shall for each TTI during which it monitors PDCCH: 

- if a downlink assignment for this TTI has been received on the PDCCH for the UE's C-RNTI, or Temporary C-RNTI: 
- if this is the first downlink: assignment for this Temporary C-RNTI: 

- consider the NDI to have been toggled. 
- if the downlink assignment is for UE's C-RNTI and if the previous downlink assignment indicated to the HARQ entity of the same HARQ process was either a downlink: assignment received for the UE's Semi­Persistent Scheduling C-RNTI or a configured downlink assignment: 

- consider the NDI to have been toggled regardless of the value of the NDI. 
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indicate the presence of a downlink assignment and deliver the associated HARQ information to the HARQ 
entity for this TTI. 

else, if a downlink assignment for this TTI has been received on the PDCCH for the UE's Semi-Persistent 
Scheduling C-RNTI: 

if the NDI in the received HARQ information is 1 :  

consider the NDI not to have been toggled; 

indicate the presence of a downlink assignment and deliver the associated HARQ information to the 
HARQ entity for this TTL 

else, if the NDI in the received HARQ information is 0 :  

if  PDCCH contents indicate SPS release: 

clear the configured downlink assignment (if any); 

if timeAlignmentTimer is running: 

indicate a positive acknowledgement for the downlink SPS release to the physical layer. 

else: 

store the downlink assignment and the associated HARQ information as configured downlink 
assignment; 

initialise (if not active) or re-initialise (if already active) the configured downlink assignment to start 
in this TTI and to recur according to rules in subclause 5. 1 0. 1 ;  

set the HARQ Process ID to the HARQ Process ID associated with this TTI; 

consider the NDI bit to have been toggled; 

indicate the presence of a configured downlink assignment and deliver the stored HARQ information 
to the HARQ entity for this TTL 

else, if a downlink assignment for this TTI has been configured and there is no measurement gap in this TTI and 
this TTI is not an MBSFN subframe: 

instruct the physical layer to receive, in this TTI, transport block on the DL-SCH according to the configured 
downlink assignment and to deliver it to the HARQ entity; 

set the HARQ Process ID to the HARQ Process ID associated with this TTI; 

consider the NDI bit to have been toggled; 

indicate the presence of a configured downlink assignment and deliver the stored HARQ information to the 
HARQ entity for this TTL 

For configured downlink assignments, the HARQ Process ID associated with this TTI is derived from the following 
equation: 

HARQ Process ID = [floor(CURRENT_TTI/(Downlink Semi-Persistent Scheduling Interval))] modulo Number of 
Configured SPS Processes, 

where CURRENT_TTI=[(SFN * 1 0) + subframe number], Downlink Semi-Persistent Scheduling Interval is the 
periodicity of semi-persistent scheduling signalled via RRC and Number of Configured SPS Processes is the number of 
HARQ processes allocated for semi-persistent scheduling signalled via RRC. 

When the UE needs to read BCCH, the UE may, based on the scheduling information from RRC: 

if a downlink assignment for this TTI has been received on the PDCCH for the S1-RNTI; 

if the redundancy version is not defined in the PDCCH format: 
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the redundancy version of the received downlink assignment for this TTI is determined by RVK = 
ceiling(3/2*k) modulo 4, where k depends on the type of system information message: for 
SystemlnformationBlockTypel message, k = (SFN/2) modulo 4, where SFN is the system frame number; 
for Systemlnformation messages, k=i modulo 4, i =O, 1 ,  . . .  , ns w -1 ,  where i denotes the subframe number 
within the SI window ns w; 

indicate a downlink assignment and redundancy version for the dedicated broadcast HARQ process to the 
HARQ entity for this TTI. 

5.3.2 

5.3.2 . 1  

HARQ operation 

HARQ Entity 

There is one HARQ entity at the UE which maintains a number of parallel HARQ processes. Each HARQ process is 
associated with a HARQ process identifier. The HARQ entity directs HARQ information and associated TBs received 
on the DL-SCH to the corresponding HARQ processes (see subclause 5.3 .2.2). 

The number ofDL HARQ processes is specified in [2], clause 7. 

When the physical layer is configured for spatial multiplexing [2], one or two TBs are expected per subframe and they 
are associated with the same HARQ process. Otherwise, one TB is expected per subframe. 

The UE shall: 

If a downlink assignment has been indicated for this TTI: 

allocate the TB(s) received from the physical layer and the associated HARQ information to the HARQ 
process indicated by the associated HARQ information. 

If a downlink assignment has been indicated for the broadcast HARQ process: 

allocate the received TB to the broadcast HARQ process. 

NOTE: In case ofBCCH a dedicated broadcast HARQ process is used. 

5 .3.2.2 HARQ process 

For each subframe where a transmission takes place for the HARQ process, one or two (in case of spatial multiplexing) 
TBs and the associated HARQ information are received from the HARQ entity. 

For each received TB and associated HARQ information, the HARQ process shall: 

if the NDI, when provided, has been toggled compared to the value of the previous received transmission 
corresponding to this TB; or 

if the HARQ process is equal to the broadcast process and if this is the first received transmission for the TB 
according to the system information schedule indicated by RRC; or 

if this is the very first received transmission for this TB (i.e. there is no previous NDI for this TB): 

consider this transmission to be a new transmission. 

else: 

consider this transmission to be a retransmission. 

The UE then shall: 

if this is a new transmissic-n: 

replace the data currently in the soft buffer for this TB with the received data. 

else if this is a retransmission: 

if the data has not yet been successfully decoded: 
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- combine the received data with the data currently in the soft buffer for this TB. 
- if the TB size is different from the last valid TB size signalled for this TB : 

- the UE may replace the data currently in the soft buffer for this TB with the received data. 
- attempt to decode the data in the soft buffer for this TB; 
- if the data in the soft buffer was successfully decoded for this TB : 

- if the HARQ process is equal to the broadcast process: 
- deliver the decoded MAC PDU to upper layers. 

- else if this is the first successful decoding of the data in the soft buffer for this TB: 
- deliver the decoded MAC PDU to the disassembly and demultiplexing entity. 

- generate a positive acknowledgement (ACK) of the data in this TB. 
- else: 

- generate a negative acknowledgement (NACK) of the data in this TB. 

UT09-1365 

- if the HARQ process is associated with a transmission indicated with a Temporary C-RNTI and the Contention Resolution is not yet successful (see subclause 5 . 1 .5); or 
- if the HARQ process is equal to the broadcast process; or 
- if timeAlignmentTimer is stopped or expired: 

- do not indicate the generated positive or negative acknowledgement to the physical layer. 
- else: 

- indicate the generated positive or negative acknowledgement for this TB to the physical layer. 
The UE shall ignore NDI received in all downlink assignments on PDCCH for its Temporary C-RNTI when determining ifNDI on PDCCH for its C-RNTI has been toggled compared to the value in the previous transmission. 
5.3 .3  Disassembly and demultiplexing 

The UE shall disassemble and demultiplex a MAC PDU as defined in subclause 6 . 1 .2.  

5.4 U L-SCH data transfer 

5 .4 . 1  UL Grant reception 

In order to transmit on the UL-SCH the UE must have a valid uplink grant ( except for non-adaptive HARQ retransmissions) which it may receive dynamically on the PDCCH or in a Random Access Response or which may be configured semi-persistently. To perform requested transmissions, the MAC layer receives HARQ information from lower layers. 
When timeA/ignmentTimer is running and the UE has a C-RNTI, Semi-Persistent Scheduling C-RNTI, or Temporary C­RNTI, the UE shall for each TTI : 

- if an uplink grant for this TTI has been received on the PDCCH for the UE's C-RNTI or Temporary C-RNTI; or 
- if an uplink grant for this TTI has been received in a Random Access Response: 

- if the uplink grant is for UE' s C-RNTI and if the previous uplink grant delivered to the HARQ entity for the same HARQ process was either an uplink grant received for the UE's Semi-Persistent Scheduling C-RNTI or a configured uplink grant: 
- consider the NDI to have been toggled regardless of the value of the NDI. 
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- deliver the uplink grant and the associated HARQ information to the HARQ entity for this TTL 
UT09-1365 

- else, if an uplink grant for this TTI has been received on the PDCCH for the VE' s Semi-Persistent Scheduling C-RNTI: 
- if the NDI in the received HARQ information is 1 :  

- consider the NDI not to have been toggled; 
- deliver the uplink grant and the associated HARQ information to the HARQ entity for this TTL 

- else if the NDI in the received HARQ information is 0: 
- if PDCCH contents indicate SPS release: 

- clear the configured uplink grant (if any). 
- else: 

- store the uplink grant and the associated HARQ information as configured uplink grant; 
- initialise (if not active) or re-initialise (if already active) the configured uplink grant to start in this TTI and to recur according to rules in subclause 5 . 10 .2 ;  
- consider the NDI bit to have been toggled; 
- deliver the configured uplink grant and the associated HARQ information to the HARQ entity for this TTL 

- else, if an uplink grant for this TTI has been configured: 
- consider the NDI bit to have been toggled; 
- deliver the configured uplink grant, and the associated HARQ information to the HARQ entity for this TTL 

NOTE: The period of configured uplink grants is expressed in TTis. 
NOTE: If the UE receives both a grant in a Random Access Response and a grant for its C-RNTI or Semi persistent scheduling C-RNTI requiring transmissions in the same UL subframe, the UE may choose to continue with either the grant for its RA-RNTI or the grant for its C-RNTI or Semi persistent scheduling C-RNTI. 
NOTE: When a configured uplink grant is indicated during a measurement gap and indicates an UL-SCH transmission during a measurement gap, the UE processes the grant but does not transmit on UL-SCH. 

5.4.2 HARQ operation 

5.4.2 . 1  HARQ entity 

There is one HARQ entity at the VE, which maintains a number of parallel HARQ processes allowing transmissions to take place continuously while waiting for HARQ the feedback on the successful or unsuccessful reception of previous transmissions. 
The number of parallel HARQ processes is specified in [2], clause 8. 
At a given TTI, if an uplink grant is indicated for the TTI, the HARQ entity identifies the HARQ process for which a transmission should take place. It also routes the received HARQ feedback (ACK/NACK information), MCS and resource, relayed by the physical layer, to the appropriate HARQ process. 
When TTI bundling is configured, the parameter TTI _BUNDLE_ SIZE provides the number of TTis of a TTI bundle. TTI bundling operation relies on the HARQ entity for invoking the same HARQ process for each transmission that is part of the same bundle. Within a bundle HARQ retransmissions are non-adaptive and triggered without waiting for feedback from previous transmissions according to TTI_BUNDLE_SIZE. The HARQ feedback of a bundle is only received for the last TTI of the bundle (i.e the TTI corresponding to TTI_BUNDLE_SIZE), regardless of whether a 
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transmission in that TTI takes place or not (e.g. when a measurement gap occurs). A retransmission of a TTI bundle is also a TTI bundle. 
For transmission of Msg3 during Random Access ( see section 5 . 1 .5) TTI bundling does not apply. 
For each TTI, the HARQ entity shall: 

identify the HARQ process associate-d with this TTI; 
if an uplink grant has been indicated for this TTI: 

if the received grant was not addressed to a Temporary C-RNTI on PDCCH and if the NDI provided in the associated HARQ information has been toggled compared to the value in the previous transmission of this HARQ process; or 
if the uplink grant was received on PDCCH for the C-RNTI and the HARQ buffer of the identified process is empty; or 
if the uplink grant was received in a Random Access Response: 

if there is a MAC PDU in the Msg3 buffer and the uplink grant was received in a Random Access Response: 
obtain the MAC PDU to transmit from the Msg3 buffer. 

else: 
obtain the MAC PDU to transmit from the "Multiplexing and assembly" entity; 

deliver the MAC PDU and the uplink grant and the HARQ information to the identified HARQ process; 
instruct the identified HARQ process to trigger a new transmission. 

else: 
deliver the uplink grant and the HARQ information (redundancy version) to the identified HARQ process; 
instruct the identified HARQ process to generate an adaptive retransmission. 

else, if the HARQ buffer of the HARQ process corresponding to this TTI is not empty: 
instruct the identified HARQ process to generate a non-adaptive retransmission. 

When determining ifNDI has been toggled compared to the value in the previous transmission UE shall ignore NDI received in all uplink grants on PDCCH for its Temporary C-RNTI. 
5.4.2.2 HARQ process 

Each HARQ process is associated with a HARQ buffer. 
Each HARQ process shall maintain a state variable CURRENT_TX_NB, which indicates the number of transmissions that have taken place for the MAC PDU currently in the buffer, and a state variable HARQ_FEEDBACK, which indicates the HARQ feedback for the MAC PDU currently in the buffer. When the HARQ process is established, CURRENT TX NB shall be initialized to 0 .  
The sequence of redundancy versions is  0, 2, 3 ,  1 .  The variable CURRENT_ IRV is an index into the sequence of redundancy versions. This variable is up-dated modulo 4. 
New transmissions are performed on the resource and with the MCS indicated on PDCCH or Random Access Response. Adaptive retransmissions are performed on the resource and, if provided, with the MCS indicated on PDCCH. Non-adaptive retransmission is performed on the same resource and with the same MCS as was used for the last made transmission attempt. 
The UE is configured with a Maximum number ofHARQ transmissions and a Maximum number ofMsg3 HARQ transmissions by RRC: maxHARQ-Tx and maxHARQ-Msg3Tx respectively. For transmissions on all HARQ processes 
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and all logical channels except for transmission of a MAC PDU stored in the Msg3 buffer, the maximum number of transmissions shall be set to maxHARQ-Tx. For transmission of a MAC PDU stored in the Msg3 buffer, the maximum number of transmissions shall be set to maxHARQ-Msg3Tx. 

When the HARQ feedback is received for this TB, the HARQ process shall: 
set HARQ_FEEDBACK to the received value. 

If the HARQ entity requests a new transmission, the HARQ process shall: 
set CURRENT_ TX_ NB to O;  
set CURRENT_ IRV to O;  
store the MAC PDU in the associated HARQ buffer; 
store the uplink grant received from the HARQ entity; 
set HARQ_FEEDBACK to NACK; 
generate a transmission as described below. 

If the HARQ entity requests a retransmission, the HARQ process shall: 
increment CURRENT_ TX_ NB by 1 ;  
if the HARQ entity requests an adaptive retransmission: 

store the uplink grant received from the HARQ entity; 
set CURRENT_ IRV to the index corresponding to the redundancy version value provided in the HARQ information; 
set HARQ_FEEDBACK to NACK; 

- generate a transmission as described below. 
else if the HARQ entity requests a non-adaptive retransmission: 

if HARQ_FEEDBACK = NACK: 
generate a transmission as described below. 

NOTE: When receiving a HARQ ACK alone, the UE keeps the data in the HARQ buffer. 
NOTE: When no UL-SCH transmission can be made due to the occurrence of a measurement gap, no HARQ feedback can be received and a non-adaptive retransmission follows. 

To generate a transmission, the HARQ process shall: 
if the MAC PDU was obtained from the Msg3 buffer; or 
if there is no measurement gap at the time of the transmission and, in case of retransmission, the retransmission does not collide with a transmission for a MAC PDU obtained from the Msg3 buffer in this TTI: 

instruct the physical layer to generate a transmission according to the stored uplink grant with the redundancy version corresponding to the CURRENT _IRV value; 
increment CURRENT_ IRV by 1 ;  
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- if there is a measurement gap at the time of the HARQ feedback reception for this transmission and if the MAC PDU was not obtained from the Msg3 buffer: 
- set HARQ_FEEDBACK to ACK at the time of the HARQ feedback reception for this transmission. 

After performing above actions, the HARQ process then shall: 
- if CURRENT_ TX_ NB = maximum number of transmissions - 1 :  

- flush the HARQ buffer; 

5.4.3 

5.4.3 . 1  

Multiplexing and assembly 

Logical channel prioritization 

The Logical Channel Prioritization procedure is applied when a new transmission is performed. 
RRC controls the scheduling of uplink data by signalling for each logical channel: priority where an increasing priority value indicates a lower priority level, prioritisedBitRate which sets the Prioritized Bit Rate (PBR), bucketSizeDuration which sets the Bucket Size Duration (BSD). 
The UE shall maintain a variable Bj for each logical channel j .  Bj shall be initialized to zero when the related logical channel is established, and incremented by the product PBR x TTI duration for each TTI, where PBR is Prioritized Bit Rate of logical channel j .  However, the value ofBj can never exceed the bucket size and if the value ofBj is larger than the bucket size oflogical channel j ,  it shall be set to the bucket size. The bucket size of a logical channel is equal to PBR x BSD, where PBR and BSD are configured by upper layers. 
The UE shall perform the following Logical Channel Prioritization procedure when a new transmission is performed: 

- The UE shall allocate resources to the logical channels in the following steps :  
Step 1 :  All the logical channels "\\-ith Bj > 0 are allocated resources in a decreasing priority order. If the PBR of a radio bearer is set to "infinity", the UE shall allocate resources for all the data that is available for transmission on the radio bearer before meeting the PBR of the lower priority radio bearer(s); 
Step 2 :  the UE shall decrement Bj by the total size of MAC SDUs served to logical channel j in Step I 

NOTE: The value ofBj can be negative. 
- Step 3 :  if any resources remain, all the logical channels are served in a strict decreasing priority order (regardless of the value ofBj)  until either the data for that logical channel or the UL grant is exhausted, whichever comes first. Logical channels configured with equal priority should be served equally. 

- The UE shall also follow the rules below during the scheduling procedures above: 
- the UE should not segment an RLC SDU ( or partially transmitted SDU or retransmitted RLC PDU) if the whole SDU ( or partially transmitted SDU or retransmitted RLC PDU) fits into the remaining resources; 
- if the UE segments an RLC SDU from the logical channel, it shall maximize the size of the segment to fill the grant as much as possible; 
- UE should maximise the transmission of data. 

The UE shall not transmit data for a logical channel corresponding to a radio bearer that is suspended (the conditions for when a radio bearer is considered suspended are defined in [8]). 
For the Logical Channel Prioritization procedure, the VE shall take into account the following relative priority in decreasing order: 

- MAC control element for C-RNTI or data from UL-CCCH; 
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- MAC control element for BSR, with exception of BSR included for padding; 
- MAC control element for PHR; 
- data from any Logical Channel, except data from UL-CCCH; 
- MAC control element for BSR included for padding. 

5.4.3.2 Multiplexing of MAC Control Elements and MAC SDUs 

UT09-1 365 

The UE shall multiplex MAC control elements and MAC SDUs in a MAC PDU according to subclauses 5 .4.3 . 1  and 6. 1 .2. 
5.4.4 Scheduling Request 

The Scheduling Request (SR) is used for requesting UL-SCH resources for new transmission. 
When an SR is triggered, it shall be considered as pending until it is cancelled. 
If an SR is triggered and there is no other SR pending, the UE shall set the SR_ COUNTER to 0. 
As long as one SR is pending, the UE shall for each TTI: 

- if no UL-SCH resources are available for a transmission in this TTI: 
- if the UE has no valid PUCCH resource for SR configured in any TTI: initiate a Random Access procedure (see subclause 5 . 1 )  and cancel all pending SRs; 
- else if the UE has a valid PUCCH resource for SR configured for this TTI and if this TTI is not part of a measurement gap :  

- if SR COUNTER < dsr-TransMax: 

- increment SR_ COUNTER by 1 ;  
- instruct the physical layer to signal the SR on PUCCH; 

- else: 
- notify RRC to release PUCCH/SRS; 
- clear any configured downlink assignments and uplink grants; 
- initiate a Random Access procedure ( see subclause 5 . 1 ) and cancel all pending SRs. 

- else if UL-SCH resources are available for a new transmission in this TTI, cancel all pending SR(s). 
5.4.5 Buffer Status Reporting 

The Buffer Status reporting procedure i s  used to provide the serving eNB with information about the amount of  data available for transmission in the UL buffers of the UE. RRC controls BSR reporting by configuring the two timers 
periodicBSR-Timer and retxBSR-Timer and by, for each logical channel, optionally signalling logicalChannelGroup which allocates the logical channel to an LCG [8]. 
For the Buffer Status reporting procedure, the UE shall consider all radio bearers which are not suspended and may consider radio bearers which are suspended. 
A Buffer Status Report (BSR) shall be triggered if any of the following events occur: 

- UL data, for a logical channel which belongs to a LCG, becomes available for transmission in the RLC entity or in the PDCP entity (the definition of what data shall be considered as available for transmission is specified in [3] and [4] respectively) and either the data belongs to a logical channel with higher priority than the priorities of the logical channels which belong to any LCG and for which data is already available for transmission, or there is no data available for transmission for any of the logical channels which belong to a LCG, in which case the BSR is referred below to as "Regular BSR"; 
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- UL resources are allocated and number of padding bits is equal to or larger than the size of the Buffer Status Report MAC control element plus its subheader, in which case the BSR is referred below to as "Padding BSR"; 
retxBSR-Timer expires and the UE has data available for transmission for any of the logical channels which belong to a LCG, in which case the BSR is referred below to as "Regular BSR"; 

- periodicBSR-Timer expires, in which case the BSR is referred below to as "Periodic BSR". 
For Regular and Periodic BSR: 

if more than one LCG has data available for transmission in the TTI where the BSR is transmitted: report Long BSR; 
else report Short BSR. 

For Padding BSR: 
if the number of padding bits is equal to or larger than the size of the Short BSR plus its subheader but smaller than the size of the Long BSR plus its subheader: 
- if more than one LCG has data available for transmission in the TTI where the BSR is transmitted: report Truncated BSR of the LCG with the highest priority logical channel with data available for transmission; 

else report Short BSR. 
else if the number of padding bits is equal to or larger than the size of the Long BSR plus its subheader, report Long BSR. 

If the Buffer Status reporting procedure determines that at least one BSR has been triggered since the last transmission of a BSR or if this is the first time that at least one BSR is triggered: 
if the UE has UL resources allocated for new transmission for this TTI: 

instruct the Multiplexing and Assembly procedure to generate a BSR MAC control element; 
start or restart periodicBSR-Timer except when the BSR is a Truncated BSR; 
start or restart retxBSR-Timer. 

else if a Regular BSR has been triggered: 
a Scheduling Request shall be triggered. 

A MAC PDU shall contain at most one MAC BSR control element, even when multiple events trigger a BSR by the time a BSR can be transmitted in which case the Regular B SR and the Periodic BSR shall have precedence over the padding BSR. 
The UE shall restart retxBSR-Timer upon indication of a grant for transmission of new data on UL-SCH. 
All triggered BSRs shall be cancelled in case the UL grant can accommodate all pending data available for transmission but is not sufficient to additionally accommodate the BSR MAC control element plus its subheader. All triggered BSRs shall be cancelled when a BSR is included in a MAC PDU for transmission. 
5.4.6 Power Headroom Reporting 

The Power Headroom reporting procedure i s  used to provide the serving eNB with information about the difference between the nominal UE maximum transmit power and the estimated power for UL-SCH transmission. The reporting period, delay and mapping of Power Headroom are defined in subclause 9. 1 .8 of [9] . RRC controls Power Headroom reporting by configuring the two timers periodicPHR-Timer and prohibitPHR-Timer, and by signalling dl­
PathlossChange which sets the change in measured downlink pathloss to trigger a PHR [8]. 
A Power Headroom Report (PHR) shall be triggered if any of the following events occur: 

- prohibitPHR-Timer expires or has expired and the path loss has changed more than dl-PathlossChange dB since the transmission of a PHR when UE has UL resources for new transmission; 
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- periodicPHR-Timer expires; 
- upon configuration or reconfiguration of the power headroom reporting functionality by upper layers [8], which is not used to disable the function. 

If the UE has UL resources allocated for new transmission for this TTI: 
- if it is the first UL resource allocated for a new transmission since the last MAC reset, start periodicPHR-Timer; 

- if the Power Headroom reporting procedure determines that at least one PHR has been triggered since the last transmission of a PHR or this is the first time that a PHR is triggered, and; 
- if the allocated UL resources can accommodate a PHR MAC control element plus its sub header as a result of logical channel prioritization: 

- obtain the value of the power headroom from the physical layer; 
- instruct the Multiplexing and Assembly procedure to generate and transmit a PHR MAC control element based on the value reported by the physical layer; 

5.5 

- start or restartperiodicPHR-Timer; 

- start or restartprohibitPHR-Timer; 

- cancel all triggered PHR(s). 

PCH reception 

When the UE needs to receive PCH, the UE shall: 
- if a PCH assignment has been received on the PDCCH for the P-RNTI: 

- attempt to decode the TB on the PCH as indicated by the PDCCH information. 
- if a TB on the PCH has been successfully decoded: 

5.6 

- deliver the decoded MAC PDU to upper layers. 

BCH reception 

When the UE needs to receive BCH, the UE shall: 
- receive and attempt to decode the BCH; 
- if a TB on the BCH has been successfully decoded: 

- deliver the decoded MAC PDU to upper layers. 

5 .7  Discontinuous Reception (DRX) 

The UE may be configured by RRC with a DRX functionality that controls the UE's PDCCH monitoring activity for the UE's C-RNTI, TPC-PUCCH-RNTI, TPC-PUSCH-RNTI and Semi-Persistent Scheduling C-RNTI (if configured). When in RRC_CONNECTED, ifDRX is configured, the UE is allowed to monitor the PDCCH discontinuously using the DRX operation specified in this subclause; otherwise the UE monitors the PDCCH continuously. When using DRX operation, the UE shall also monitor PDCCH according to requirements found in other subclauses of this specification. RRC controls DRX operation by configuring the timers onDurationTimer, drx-InactivityTimer, drx­
RetransmissionTimer (one per DL HARQ process except for the broadcast process), the longDRX-Cycle, the value of the drxStartOffeet and optionally the drxShortCycleTimer and shortDRX-Cycle. A HARQ RTT timer per DL HARQ process ( except for the broadcast process) is also defined ( see subclause 7. 7). 
When a DRX cycle is configured, the Active Time includes the time while: 
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onDurationTimer or drx-InactivityTimer or drx-RetransmissionTimer or mac-ContentionResolutionTimer (as described in subclause 5 . 1 .5) is running; or 
a Scheduling Request sent on PUCCH is pending (as described in subclause 5 .4.4); or 
an uplink grant for a pending HARQ retransmission can occur and there is data in the corresponding HARQ buffer; or 
a PDCCH indicating a new transmission addressed to the C-RNTI of the UE has not been received after successful reception of a Random Access Response for the preamble not selected by the UE ( as described in subclause 5 . 1 .4). 

When DRX is configured, the UE shall for each subframe: 
If the Short DRX Cycle is used and [(SFN * 10) + subframe number] modulo (shortDRX-Cycle) = 
(drxStartOffeet) modulo (shortDRX-Cycle); or 
if the Long DRX Cycle is used and [(SFN * 10) + subframe number] modulo (longDRX-Cycle) = drxStartOffeet: 

start onDurationTimer. 

ifa HARQ RTT Timer expires in this subframe and the data in the soft buffer of the corresponding HARQ process was not successfully decoded: 
start the drx-RetransmissionTimer for the corresponding HARQ process. 

if a DRX Command MAC control element is received: 
stop onDurationTimer; 

stop drx-InactivityTimer. 

if drx-InactivityTimer expires or a DRX Command MAC control element is received in this subframe: 
if the Short DRX cycle is configured: 

start or restart drxShortCycleTimer; 

- use the Short DRX Cycle. 
else: 

use the Long DRX cycle. 
if drxShortCycleTimer expires in this subframe: 

use the Long DRX cycle. 
during the Active Time, for a PDCCH-subframe, if the subframe is not required for uplink transmission for half­duplex FDD UE operation and if the subframe is not part of a configured measurement gap: 

monitor the PDCCH; 
if the PDCCH indicates a DL transmission or if a DL assignment has been configured for this subframe: 

start the HARQ RTT Timer for the corresponding HARQ process; 
stop the drx-RetransmissionTimer for the corresponding HARQ process. 

if the PDCCH indicates a new transmission (DL or UL): 
start or restart drx-InactivityTimer. 

when not in Active Time, CQI/PMIIRI on PUCCH and SRS shall not be reported. 
Regardless of whether the UE is monitoring PDCCH or not the UE receives and transmits HARQ feedback when such is expected. 
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NOTE: A UE may optionally choose to not send CQI/PMI/RI reports on PUCCH and/or SRS transmissions for up to 4 subframes following a PDCCH indicating a new transmission (UL or DL) received in the last subframe of active time. The choice not to send CQI/PMI/RI reports on PUCCH and/or SRS transmissions is not applicable for subframes where onDurationTimer is running. 

5.8 MAC reconfiguration 

When a reconfiguration of the MAC entity is requested by upper layers, the UE shall: 
for timers apply the new value when the timer is (re )started; 

- when counters are initialized apply the new maximum parameter value; 
for other parameters, apply immediately the configurations received from upper layers. 

5 .9  MAC Reset 

If a reset of the MAC entity is requested by upper layers, the UE shall: 
initialize Bj for each logical channel to zero; 
stop ( if running) all timers; 
consider timeAlignmentTimer as expired and perform the corresponding actions in subclause 5 .2; 
set the ND Is for all uplink HARQ processes to the value O; 
stop, if any, ongoing RACH procedure; 
discard explicitly signalled ra-Preamblelndex and ra-PRACH-Masklndex, if any; 
flush Msg3 buffer; 
cancel, if any, triggered Scheduling Request procedure; 
cancel, if any, triggered Buffer Status Reporting procedure; 
cancel, if any, triggered Power Headroom Reporting procedure; 
flush the soft buffers for all DL HARQ processes; 
for each DL HARQ process, consider the next received transmission for a TB as the very first transmission; 

- release, if any, Temporary C-RNTI. 

5.1 0 Semi-Persistent Scheduling 

When Semi-Persistent Scheduling is enabled by RRC, the following information is provided [8] : 
Semi-Persistent Scheduling C-RNTI; 

- Uplink Semi-Persistent Scheduling interval semiPersistSchedlntervalUL and number of empty transmissions before implicit release implicitReleaseAfier, if Semi-Persistent Scheduling is enabled for the uplink; 
Whether twolntervalsConfig is enabled or disabled for uplink, only for TDD; 
Downlink Semi-Persistent Scheduling interval semiPersistSchedlntervalDL and number of configured HARQ processes for Semi-Persistent Scheduling numberOJConjSPS-Processes, if Semi-Persistent Scheduling is enabled for the downlink; 

When Semi-Persistent Scheduling for uplink or downlink is disabled by RRC, the corresponding configured grant or configured assignment shall be discarded. 
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5 . 1 0. 1  Downl ink  

After a Semi-Persistent downlink assignment i s  configured, the UE shall consider that the assignment recurs in each subframe for which: 
- (10 * SFN + subframe) = [(10 * SFNstart time + subframestart time) + N * semiPersistSchedlntervalDL] modulo 10240, for all N>0. 

Where SFNstart time and subframestart time are the SFN and subframe, respectively, at the time the configured downlink assignment were (re-)initialised. 
5 . 1 0.2 Upl ink 

After a Semi-Persistent Scheduling uplink grant i s  configured, the UE shall: 
- if twolntervalsConjig is enabled by upper layer: 

- set the Subframe_Offset according to Table 7.4-1 .  
- else: 

- set Subframe_Offset to 0.  
- consider that the grant recurs in each subframe for which: 

- ( 10  * SFN + subframe) = [(10 * SFNstart time + subframestart time) + N * semiPersistSchedlntervalUL + Subframe_Offset * (N modulo 2)] modulo 10240, for all N>0. 
Where SFNstart time and subframestart time are the SFN and subframe, respectively, at the time the configured uplink grant were (re-)initialised. 
The UE shall clear the configured uplink grant immediately after implicitReleaseAfter [8] number of consecutive new MAC PDUs each containing zero MAC SDUs have been provided by the Multiplexing and Assembly entity, on the Semi-Persistent Scheduling resource. 

NOTE: Retransmissions for Semi-Persistent Scheduling can continue after clearing the configured uplink grant. 

5 .1 1  Handling of unknown, unforeseen and erroneous protocol 
data 

When a MAC entity receives a MAC PDU for the UE's C-RNTI or Semi-Persistent Scheduling C-RNTI, or by the configured downlink. assignment, containing reserved or invalid values, the MAC entity shall: 
- discard the received PDU. 

6 Protocol Data Un its ,  formats and parameters 

6.1 Protocol Data Units 

6 . 1 . 1  General 

A MAC PDU is  a bit string that is  byte aligned (i.e. multiple of 8 bits) in  length. In the figures in subclause 6. 1 ,  bit strings are represented by tables in which the most significant bit is the leftmost bit of the first line of the table, the least significant bit is the rightmost bit on the last line of the table, and more generally the bit string is to be read from left to right and then in the reading order of the lines. The bit order of each parameter field within a MAC PDU is represented with the first and most significant bit in the leftmost bit and the last and least significant bit in the rightmost bit. 
MAC SDUs are bit strings that are byte aligned (i.e. multiple of 8 bits) in length. An SDU is included into a MAC PDU from the :first bit onward. 
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The UE shall ignore the value of Reserved bits in downlink MAC PDUs. 
6 . 1 .2 MAC POU (DL-SCH and UL-SCH except transparent MAC and 

Random Access Response) 

A MAC PDU consists of a MAC header, zero or more MAC Service Data Units (MAC SDlJ), zero, or more MAC control elements, and optionally padding; as described in Figure 6 . 1 .2-3 .  
Both the MAC header and the MAC SDUs are of variable sizes. 
A MAC PDU header consists of one or more MAC PDU subheaders; each subheader corresponds to either a MAC SDU, a MAC control element or padding. 
A MAC PDU sub header consists of the six header fields R/R/E/LCID/F IL but for the last subheader in the MAC PDU and for fixed sized MAC control elements. The last subheader in the MAC PDU and subheaders for fixed sized MAC control elements consist solely of the four header fields R/R/E/LCID. A MAC PDU subheader corresponding to padding consists of the four header fields R/R/E/LCID. 
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Figure 6.1 .2-1 : R/R/E/LCID/F/L MAC subheader 

R R E LCID I Oct 1 
·��-��- - - - ---� 

R/R/E/LCID sub-header 

Figure 6.1 .2-2 : R/R/E/LCID MAC subheader 

MAC PDU subheaders have the same order as the corresponding MAC SDUs, MAC control elements and padding. 
MAC control elements are always placed before any MAC SDU. 
Padding occurs at the end of the MAC PDU, except when single-byte or two-byte padding is required. Padding may have any value and the UE shall ignore it. When padding is performed at the end of the MAC PDU, zero or more padding bytes are allowed. 
When single-byte or two-byte padding is required, one or two MAC PDU subheaders corresponding to padding are placed at the beginning of the MAC PDU before any other MAC PDU sub header. 
A maximum of one MAC PDU can be transmitted per TB per UE. 
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Fig ure 6.1 .2-3: Example of MAC POU consisting of MAC header, MAC control elements, MAC SDUs 
and padding 

6 . 1 .3 MAC Control Elements 

6 . 1 .3. 1 Buffer Status Report MAC Control Elements 

Buffer Status Report (BSR) MAC control elements consist of either: 
- Short BSR and Truncated BSR format: one LCG ID field and one corresponding Buffer Size field (figure 6 . 1 . 3 . 1- 1); or 
- Long BSR format: four Buffer Size fields, corresponding to LCG IDs #0 through #3 (figure 6 . 1 .3 . 1 -2). 

The BSR formats are identified by MAC PDU subheaders with LCIDs as specified in table 6 .2 . 1-2. 
The fields LCG ID and Buffer Size are defined as follow: 

- LCG ID: The Logical Channel Group ID field identifies the group of logical channel(s) which buffer status is being reported. The length of the field is 2 bits; 
- Buffer Size: The Buffer Size field identifies the total amount of data available across all logical channels of a logical channel group after the MAC PDU has been built. The amount of data is indicated in number of bytes. It shall include all data that is available for transmission in the RLC layer and in the PDCP layer; the definition of what data shall be considered as available for transmission is specified in [3] and [4] respectively. The size of the RLC and MAC headers are not considered in the buffer size computation. The length of this field is 6 bits. The values taken by the Buffer Size field are shown in Table 6. 1 .3 . 1- 1 .  
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Figu re 6.1 .3. 1 -1 : Short BSR and Truncated BSR MAC control element 
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Figure 6. 1 .3.1 -2 :  Long BSR MAC control element 
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Table 6. 1 .3. 1 -1 : Buffer size levels for BSR 

Index Buffer Size (BS) value [bytes] Index Buffer Size (BS) value [bytes] 
0 BS = 0  32 1 1 32 < BS <= 1 326 
1 0 < BS <= 1 0  33 1 326 < BS <= 1 552 
2 1 0  < BS <= 1 2  34 1 552 < BS <= 1 8 1 7  
3 1 2  < BS <= 1 4  35 1 81 7  < BS <= 2 1 27 
4 1 4  < BS <= 1 7  36 2 1 27 < BS <= 2490 
5 1 7  < BS <= 1 9  37 2490 < BS <= 291 5  
6 1 9  < BS <= 22 38 291 5  < BS <= 341 3  
7 22 < BS <= 26 39 341 3  < BS <= 3995 
8 26 < BS <= 31  40 3995 < BS <= 4677 
9 31 < BS <= 36 41 4677 < BS <= 5476 

1 0  36 < BS <= 42 42 5476 < BS <= 641 1  
1 1  42 < BS <= 49 43 641 1  < BS <= 7505 
1 2  49 < BS <= 57 44 7505 < BS <= 8787 
1 3  57 < BS <= 67 45 8787 < BS <= 1 0287 
1 4  6 7  < BS <= 78 46 1 0287 < BS <= 1 2043 
1 5  7 8  < BS <= 9 1  47 1 2043 < BS <= 1 4099 
1 6  9 1  < BS <= 1 07 48 1 4099 < BS <= 1 6507 
1 7  1 07 < BS <= 1 25 49 1 6507 < BS <= 19325 
1 8  1 25 < BS <= 1 46 50 1 9325 < BS <= 22624 
1 9  1 46 < BS <= 1 7 1  51 22624 < BS <= 26487 
20 1 71 < BS <= 200 52 26487 < BS <= 31 009 
2 1  200 < BS < =  234 53 3 1 009 < BS <= 36304 
22 234 < BS <= 274 54 36304 < BS <= 42502 
23 274 < BS <= 321 55 42502 < BS <= 49759 
24 32 1 < BS <= 376 56 49759 < BS <= 58255 
25 376 < BS <= 440 57 58255 < BS <= 68201 
26 440 < BS <= 51 5 58 68201 < BS <= 79846 
27 5 1 5  < BS <= 603 59 79846 < BS <= 934 79 
28 603 < BS <= 706 60 934 79 < BS <= 1 09439 
29 706 < BS <= 826 61  1 09439 < BS <= 1 28 1 25 
30 826 < BS <= 967 62 1 28 1 25 < BS <= 1 50000 
31 967 < BS <=1 1 32 63 BS > 1 50000 

6.1 .3.2 C-RNTI MAC Control Element 

The C-RNTI MAC control element is identified by MAC PDU subheader with LCID as specified in table 6.2 . 1 -2. 

It has a fixed size and consists of a single field defined as follows (figure 6. 1 .3.2-1 ): 

- C-RNTI: This field contains the C-RNTI of the UE. The length of the field is 1 6  bits. 
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Figure 6.1 .3.2-1 : C-RNTI MAC control element 

DRX Command MAC Control Element 
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The DRX Command MAC control element is identified by a MAC PDU subheader with LCID as specified in table 6.2. 1 - 1 .  
It has a :fixed size of  zero bits. 
6 . 1 .3.4 UE Contention Resolution Identity MAC Control Element 

The UE Contention Resolution Identity MAC control element is identified by MAC PDU subheader with LCID as specified in table 6.2. 1 - 1 .  This control element has a fixed 48-bit size and consists of a single field defined as follows (figure 6 . 1 .3 .4- 1 )  
- UE Contention Resolution Identity: This field contains the uplink CCCH SDU. 

UE Contention Resolution Identity 

UE Contention Resolution Identity 

UE Contention Resolution Identity 

UE Contention Resolution Identity 

UE Contention Resolution Identity 

UE Contention Resolution Identity 

Oct 1 

Oct 2 

Oct 3 

Oct 4 

Oct 5 

Oct 6 

Figure 6.1 .3.4-1 : UE Contention Resolution Identity MAC control element 

6. 1 .3.5 Tim ing Advance Command MAC Control Element 

The Timing Advance Command MAC control element is identified by MAC PDU subheader with LCID as specified in table 6.2 . 1- 1 .  
It has a fixed size and consists of a single octet defined as follows (figure 6. 1 .3 .5- 1) :  

- R: reserved bit, set to "0"; 
- Timing Advance Command: This field indicates the index value TA (0, 1 ,  2 . . .  63) used to control the amount of timing adjustment that UE has to apply (see subclause 4.2.3 of [2]). The length of the field is 6 bits. 

R R I Timing Advance Command I Oct 1 

Figu re 6.1 .3.5-1 : Timing Advance Command MAC control element 

6 . 1 .3.6 Power Headroom MAC Control Element 

The Power Headroom MAC control element is identified by a MAC PDU subheader with LCID as specified in table 6.2. 1 -2 .  It has a fixed size and consists of a single octet defined as follows (figure 6 . 1 .3 .6-1 ): 
- R: reserved bit, set to "0"; 
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- Power Headroom (PH): this field indicates the power headroom level. The length of the field is 6 bits. The reported PH and the corresponding power headroom levels are shown in Table 6 . 1 .3 .6- 1 below (the corresponding measured values in dB can be found in subclause 9. 1 .8.4 of [9]). 

6. 1 .4 

I I I 

l�
R�l�R�l� __ P

_
H --�I Oct 1 

Figure 6.1 .3.6-1 : Power Headroom MAC control element 

Table 6.1 .3.6-1 : Power Headroom levels for PHR 

PH 

0 
1 
2 
3 . . .  

60 
61 
62 
63 

Power Headroom Level 
POWER_HEADROOM_0 
POWER_HEADROOM_ 1 
POWER HEADROOM 2 
POWER HEADROOM 3 

. . .  
POWER HEADROOM 60 
POWER HEADROOM 61 
POWER HEADROOM 62 
POWER HEADROOM 63 

MAC POU (transparent MAC) 

A MAC PDU consists solely of a MAC Service Data Unit (MAC SDU) whose size is aligned to a TB; as described in figure 6. 1 .4-1 .  
MAC SDU 

◄◄--- -- --- --;MAC PD• t-- ----- ---1-

Figure 6.1 .4-1 : Example of MAC PDU (transparent MAC) 

6. 1 .5 MAC POU (Random Access Response) 

A MAC PDU consists of a MAC header and zero or more MAC Random Access Responses (MAC RAR) and optionally padding as described in figure 6 . 1 . 5-4. 
The MAC header is of variable size. 
A MAC PDU header consists of one or more MAC PDU subheaders; each subheader corresponding to a MAC RAR except for the Backoff Indicator subheader. If included, the Backoff Indicator subheader is only included once and is the first subheader included within the MAC PDU header. 
A MAC PDU subheader consists of the three header fields E/T/RAPID (as described in figure 6. 1 .5- 1 )  but for the Backofflndicator subheader which consists of the five header field E/T/R/R/BI (as described in figure 6 . 1 .5-2). 
A MAC RAR consists of the four fields R/Timing Advance Command/UL Grant/Temporary C-RNTI (as described in figure 6 . 1 .5-3) .  
Padding may occur after the last MAC RAR. Presence and length of padding is  implicit based on TB size, size of MAC header and number ofRARs. 
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Figure 6.1 .5-1 : E/T/RAPID MAC subheader 
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Figure 6.1 .5-2: E/T/R/R/BI MAC subheader 
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Figure 6.1 .5-4: Example of MAC PDU consisting of a MAC header and MAC RARs 

6.2 Formats and parameters 

6.2 . 1  MAC header for DL-SCH and U L-SCH 

The MAC header i s  of  variable size and consists of  the following fields: 
- LCID: The Logical Channel ID field identifies the logical channel instance of the corresponding MAC SDU or the type of the corresponding MAC control element or padding as described in tables 6.2. 1 - 1 and 6.2 . 1-2 for the DL and UL-SCH respectively. There is one LCID field for each MAC SDU, MAC control element or padding included in the MAC PDU. In addition to that, one or two additional LCID fields are included in the MAC PDU, when single-byte or two-byte padding is required but cannot be achieved by padding at the end of the MAC PDU. The LCID field size is 5 bits; 
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- L: The Length field indicates the length of the corresponding MAC SDU in bytes. There is one L field per MAC POU subheader except for the last subheader and subheaders corresponding to fixed-sized MAC control elements. The size of the L field is indicated by the F field; 
- F: The Format field indicates the size of the Length field as indicated in table 6.2 . 1-3 .  There is one F field per MAC POU subheader except for the last subheader and subheaders corresponding to fixed-sized MAC control elements. The size of the F field is 1 bit. If the size of the MAC SDU is less than 128 bytes, the UE shall set the value of the F field to 0, otherwise the UE shall set it to l ;  
- E: The Extension field is a flag indicating if more fields are present in the MAC header or not. The E field is set to " 1 "  to indicate another set of at least R/R/E/LCIO fields. The E field is set to "O" to indicate that either a MAC SOU, a MAC control element or padding starts at the next byte; 
- R: Reserved bit, set to "0". 

The MAC header and subheaders are octet aligned. 
Table 6.2.1-1 Values of LCID for DL-SCH 

Index LCID values 
00000 CCCH 

0000 1 -01 010  ldentitv of  the loQical channel 
0 1 01 1 -1 1 01 1 Reserved 

1 1 1 00 U E  Contention Resolution Identity 
1 1 1 01  TiminQ Advance Command 
1 1 1 1 0 DRX Command 
1 1 1 1 1  Padding 

Table 6.2.1-2 Values of LCID for U L-SCH 

Index LCID values 
00000 CCCH 

00001-0 1 01 0 Identity of the loQical channel 
0 1 01 1 -1 1 001  Reserved 

1 1 0 1 0  Power Headroom Report 
1 1 0 1 1 C-RNTI 
1 1 1 00 Truncated BSR 
1 1 1 01 Short BSR 
1 1 1 1 0 Long BSR 
1 1 1 1 1  Padding 

Table 6.2.1-3 Values of F field : 

Index Size of Length field (in bits) 
0 7 
1 1 5  

6.2.2 MAC header for Random Access Response 

The MAC header is of variable size and consists of the following fields: 
- E: The Extension field is a flag indicating if more fields are present in the MAC header or not. The E field is set to " l "  to indicate at least another set of E/TIRAPID fields follows. The E field is set to "O" to indicate that a MAC RAR or padding starts at the next byte; 
- T: The Type field is a flag indicating whether the MAC subheader contains a Random Access ID or a Backoff Indicator. The T field is set to "O" to indicate the presence of a Backoff Indicator field in the subheader (BD. The T field is set to " l "  to indicate the presence of a Random Access Preamble ID field in the subheader (RAPID); 
- R: Reserved bit, set to "0" ; 
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- BI: The Backoffindicator field identifies the overload condition in the cell. The size of the BI field is 4 bits; 
- RAPID: The Random Access Preamble IDentitfier field identifies the transmitted Random Access Preamble (see subclause 5 . 1 .3) .  The size of the RAPID field is 6 bits. 

The MAC header and subheaders are octet aligned. 
· 6 .2.3 MAC payload for Random Access Response 

The MAC RAR is of fixed size and consists of the following fields: 
- R: Reserved bit, set to "0" ; 
- Timing Advance Command: The Timing Advance Command field indicates the index value TA (0, 1 ,  2 . . .  1282) used to control the amount of timing adjustment that UE has to apply (see subclause 4.2.3 of [2]). The size of the Timing Advance Command field is 1 1  bits; 
- UL Grant: The UpLink Grant field indicates the resources to be used on the uplink (see subclause 6.2 of [2]). The size of the UL Grant field is 20 bits; 
- Temporary C-RNTI: The Temporary C-RNTI field indicates the temporary identity that is used by the UE during Random Access. The size of the Temporary C-RNTI field is 1 6  bits. 

The MAC RAR is octet aligned. 

7 Variables and constants 

7. 1 RNTI values 

RNTI values are presented in Table 7. 1 - 1  and their usage and associated Transport Channels and Logical Channels are presented in Table 7. 1 -2 .  
Table 7 .1-1 : RNTI values. 

Value (hexa-decimal) RNTI 
0000 N/A 

0001 -003C RA-RNTI ,  C-RNTI , Semi-Persistent Scheduling C-RNTI ,  
Temporary C-RNTI , TPC-PUCCH-RNTI and TPC-PUSCH-RNTI 

{see note) 
003D-FFF3 C-RNTI , Semi-Persistent Scheduling C-RNTI , Temporary C-RNTI ,  

TPC-PUCCH-RNTI and TPC-PUSCH-RNTI 
FFF4-FFFD Reserved for future use 

FFFE P-RNTI 
FFFF S I-RNTI 

NOTE: The values corresponding to the RA-RNTI values of a cell ' s  PRACH configuration are not used in the cell for any other RNTI (C-RNTI, Semi-Persistent Scheduling C-RNTI, Temporary C-RNTI, TPC­PUCCH-RNTI or TPC-PUSCH-RNTI). 
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Table 7.1 -2 :  RNTI usage. 

RNTI Usage Transport Channel 
P-RNTI Paging and System Information change PCH 

notification 
SI-RNTI Broadcast of Svstem Information DL-SCH 
RA-RNTI Random Access Response DL-SCH 

Temporary C-RNTI Contention Resolution DL-SCH 
(when no valid C-RNTI is available) 

Temporarv C-RNTI Msa3 transmission UL-SCH 
C-RNTI Dynamically scheduled unicast transmission DL-SCH, UL-SCH 
C-RNTI TriaaerinQ of PDCCH ordered random access N/A 

Semi-Persistent Semi-Persistently scheduled unicast DL-SCH, UL-SCH 
Scheduling C-RNTI transmission 

(activation, reactivation and retransmission) 
Semi-Persistent Semi-Persistently scheduled unicast N/A 

Scheduling C-RNTI transmission 
(deactivation)  

TPC-PUCCH-RNTI Physical laver Uplink power control N/A 

TPC-PUSCH-RNTI Physical laver Uplink power control N/A 

7 .2 Backoff Parameter values 

Backoff Parameter values are presented in Table 7.2- 1 .  

Table 7.2-1 : Backoff Parameter values. 

Index Backoff Parameter value (ms) 
0 0 

1 1 0  

2 20 

3 30 

4 40 

5 60 

6 80 

7 1 20 

8 1 60 

9 240 

1 0  320 

1 1  480 

1 2  960 

1 3  Reserved 
1 4  Reserved 
1 5  Reserved 

UT09-1365 

Logical Channel 
PCCH 

BCCH 
NIA 

CCCH 

CCCH, DCCH, DTCH 
DCCH, DTCH 

N/A 

DCCH, DTCH 

N/A 

N/A 

N/A 

The reserved values of the backoff parameter if received by the current release version UEs shall be taken as 960 ms. 
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7.3 PRACH Mask Index values 

Table 7.3-1 : PRACH Mask Index values 

PRACH Allowed PRACH (FDD) 
Mask Index 

0 All 
1 PRACH Resource I ndex 0 
2 PRACH Resource I ndex 1 
3 PRACH Resource I ndex 2 
4 PRACH Resource I ndex 3 
5 PRACH Resource I ndex 4 
6 PRACH Resource I ndex 5 
7 PRACH Resource I ndex 6 
8 PRACH Resource Index 7 
9 PRACH Resource I ndex 8 
1 0  PRACH Resource Index 9 
1 1  Every, in the time domain, even PRACH opportunity 

1 st PRACH Resource Index in subframe 
1 2  Every, i n  the time domain, odd PRACH opportunity 

1 st PRACH Resource Index in subframe 
1 3  Reserved 
1 4  Reserved 
1 5  Reserved 

7 .4 Subframe Offset values 

Subframe_ Offset values are presented in Table 7 .4- 1 .  

Allowed PRACH (TDD) 

All 
PRACH Resource I ndex 0 
PRACH Resource Index 1 
PRACH Resource I ndex 2 
PRACH Resource I ndex 3 
PRACH Resource Index 4 
PRACH Resource Index 5 

Reserved 
Reserved 
Reserved 
Reserved 

Every, in the time domain, even PRACH opportunity 
1 st PRACH Resource Index in subframe 

Every, in the time domain,  odd PRACH opportunity 
1 st PRACH Resource Index in  subframe 
1 st PRACH Resource I ndex in subframe 
2nu PRACH Resource I ndex in  subframe 
3r□ PRACH Resource Index in subframe 

Table 7.4-1 : Subframe_Offset val ues 

TDD UUDL configuration Position of i nitial Semi-Persistent grant 
0 N/A 

1 Subframes 2 and 7 
Subframes 3 and 8 

2 Subframe 2 
Subframe 7 

3 Subframes 2 and 3 
Subframe 4 

4 Subframe 2 
Subframe 3 

5 N/A 

6 N/A 

7.5 TTI BUN DLE S IZE value 

The parameter TTI _BUNDLE_ SIZE is 4. 

7.6 DELTA PREAMBLE values 

Subframe Offset value (ms) 
0 
1 
-1 
5 
-5 
1 
-2 
1 
-1 
0 
0 

The DELTA_PREAMBLE preamble format based power offset values are presented in Table 7.6- 1 .  
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Table 7.6-1 : DELTA_PREAMBLE values. 

Preamble Format DELTA PREAMBLE value 
0 O dB 
1 O dB 
2 -3 dB 
3 -3 dB 
4 8 dB 

Where the Preamble Format is given by prach-Configlndex [7] .  

7.7  HARQ RTT Timer 

UT09-1365 

For FDD the HARQ RTT Timer is set to 8 subframes. For TDD the HARQ RTT Timer is set to k + 4 subframes, where 
k is the interval between the downlink transmission and the transmission of associated HARQ feedback, as indicated in 
Table 10.1-1 of [2] . 
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Annex A (normative) : 
Hand l i ng of measurement gaps 

In a subframe that is part of  a measurement gap, the UE shall not perform the transmission of HARQ feedback and CQI/PMI/RI, and SRS shall not be reported. 
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Annex B ( informative) :  
Contention resolution for RACH access 

When checking whether contention resolution was successful a UE considers the MAC header structures shown below for the processing of a MAC PDU containing a UE Contention Resolution Identity MAC control element. 

R R E LCID ( l l 100) 

Case 1: MAC subheader for MAC control element 

R R E LCID (I I l l !) 

R R E LCID (1 1 100) 

R R E LCID (00000) 

Case 3: MAC subheader for single-byte padding + 
MAC subheader for MAC control element + 
MAC subheaderfor MAC SDU (CCCH) 

R R E LCID ( 1 1 100) 

R R E LCID (00000) 

F L 

R R E LCID (! 1 1 1 1) 

Case 5: MAC subheader for MAC control element + 
MAC subheader (7•bits L-field) for MAC SDU (CCCH) + 
MAC subheader for padding 

60 

R R E LCID ( 1 1 100) 

R R E LCID (00000) 

Case 2: MAC subheader for MAC control element + 
MAC subheader for MAC SDU (CCCH) 

R R E LClD ( 1 1 1 1 1) 

R R E LClD (1 1 1 1 1) 

R R E LCID ( 1 ! 100) 

R R E LCID (00000) 

Case 4: MAC subheaders for two-byte padding + 
MAC subheader for MAC control element + 
MAC subheader for MAC SDU (CCCH) 

! R  R E LCID ( 1 1 1 00) I 

R R E LCID (00000) 

F L 

L 

R I R E LCID (1 1 1 1 1) 

Case 6: MAC subheader for MAC control element + 
MAC subheader (15-bits L-field) for MAC SDU (CCCH) + 
MAC subheader for padding 
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Annex C ( informative): 
Change h istory 

Change history 
Date :; -ff {! 'TSG'#cr 1i t TSG Doc. PRcl r R,ev S�l>ie¢t!Co111�ntH31JY ' • . .  ;'; .t; t,u;,i !, •• • •• · i.: !.i ii \l ,'t'' ;'[ id Old1 •·• New 
2007-06 RAN2#58 R2-072710 MAC Protocol Specification Baseline -

bis 
2007-06 RAN2#58 R2-072912 Text Proposal for UL HARO (Tdoc R2-072708) 0. 1 .0 

bis Text Proposal for DL HARO (Tdoc R2-072707) 
Text Proposal for RACH procedure (Tdoc R2-072640) 
Text Proposal for Logical Channel prioritization (Tdoc R2-072643) 

2007-06 RAN2#58 R2-072994 Basic MAC PDU structure (Tdoc R2-072983) with updates 0.1 .0 0. 1 . 1  
bis Agreements on time-frequency resource configuration (Tdoc R2-

072993) 
Agreement on RA-RNTI association (Tdoc R2-072993) 
Clarification on RA Response reception (Tdoc R2-072993) 

2007-08 RAN2#59 R2-07371 5 Removed reference to non-existing table (Tdoc R2-073473) 0.1 . 1  0.2.0 
Incorrect mapping of logical to transport channel (Tdoc R2-073473) 
Un-necessary error checking in HARO process procedure (Tdoc 
R2-073473) 
Removal of reference to timing relation for HARO feedback (Tdoc 
R2-073473) 
Correction of Internal variable name (Tdoc R2-073473) 
Correction of procedure in case of successful HARO reception 
(Tdoc R2-073473) 

2007-09 RAN2#59 R2-073885 Text proposal for Random Access procedure 0.2.0 0.2.1 
Text proposal on HARO clarification for TDD 
Text proposal on HARO for grants 

2007-09 RAN#37 RP-070688 Clean version for information 0.2.1 1 .0 .0 
2007-10  RAN2#59 R2-074530 Editorial update with Editor's notes (Tdoc R2-07421 1  ). 1 .0.0 1 . 1 .0 

bis 
2007-1 1 RAN2#60 R2-075093 Agreements on MAC PDU format (R2-074536) 1 .1 .0 1 . 1 . 1  

Corrections o n  Random Access Procedure (R2-074536) 
2007-1 1 RAN2#60 R2-075243 Endorsement of v1 . 1 .  1 1 . 1 . 1 1 .2.0 

Removal of FFS on DL CCCH existence 
2007-1 1 RAN2#60 R2-075488 Agreement on identity used Random Access Response (R2- 1 .2.0 1 .3.0 

075038) 
Agreement on Local Nack1 (R2-074949) 
PUCCH Resource handling (R2-075432) 
UL HARO agreements (R2-075432) 
Agreements on semi-persistent scheduling (R2-075432, 36.300) 
Agreements on BSR/SR triggers (R2-075432) 
Agreements on BSR contents (R2-075432) 
Agreements on Timing Advance principles (36.300) 
Agreements on DRX control (36.300) 
Handlinq of P-BCH, D-BCH, PCH (R2-075246) 

2007-1 1 RP-38 RP-07091 7  Clean version, presented at TSG RAN-38 for approval 1 .3.0 2.0.0 
2007-12 RP-38 - Approved at TSG RAN-38 and placed under chanqe control 2.0.0 8.0.0 
2008-03 RP-39 RP-0801 62 0001 2 CR to 36.321 with E-UTRA MAC protocol specification update 8.0.0 8.1 .0 
2008-05 RP-40 RP-08041 0 0002 1 36.321 CR covering agreements of RAN2 #61 bis and RAN2#62 8.1 .0 8.2.0 
2008-09 RP-41 RP--080690 0003 Clarification on data available for transmission for BSR triaaerina 8.2.0 8.3.0 

RP-41 RP-080690 0004 - CR to 36.321 on failure indication after maximum number of HARO 8.2.0 8.3.0 
transmissions 

RP-41 RP-080690 0005 4 Clarifications and Corrections of DL and UL Data Transfer (SCH, 8.2.0 8.3.0 
RACH and SR) 

RP-41 RP-080690 0006 - CR to 36.321 on Buffer size levels for BSR 8.2.0 8.3.0 
RP-41 RP-080690 0007 - Clarifications on DRX 8.2.0 8.3.0 
RP-41 RP-080690 0008 Clarification on UE behavior for DRX and configured measurement 8.2.0 8.3.0 

! gaps 
RP-41 RP-080690 0009 3 Correction to MAC Paddina BSR 8.2.0 8.3.0 
RP-41 RP-080690 001 0  - Correction to UE transmission power headroom report for L TE 8.2.0 8.3.0 
RP-41 RP-080690 001 1 - Corrections on BSR 8.2.0 8.3.0 
RP-41 RP-080690 001 2  - CR to 36.321 REL-8 on Format of UL arant in Message 2 8.2.0 8.3.0 
RP-41 RP-080690 001 5  CR to 36.321 REL-8 on PUSCH PUCCH Power Control RNTls 8.2.0 8.3.0 
RP-41 RP-080690 001 6  - CR to 36.321 REL-8 on RACH uniform random backoff 8.2.0 8.3.0 
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RP-41 RP-080690 001 7  1 E-UTRA MAC protocol specification update 8.2.0 8.3.0 
RP-41 RP-080690 0020 - TP for number of HARO processes and MIMO 8.2.0 8.3.0 
RP-41 RP-080690 0022 - Update of MAC dedicated preamble expiry 8.2.0 8.3.0 
RP-41 RP-080690 0027 - Handlina of Semi-Persistent grants and assignments 8.2.0 8.3.0 
RP-41 RP-080690 0051 1 Corrections relating to RACH 8.2.0 8.3.0 
RP-41 RP-080690 0058 1 UL Channel Prioritisation 8.2.0 8.3.0 
RP-41 RP-080690 0071 2 Corrections relatina to RACH partitioning 8.2.0 8.3.0 
RP-41 RP-080690 0091 - Correction on Random Access Response reception behaviour 8.2.0 8.3.0 
RP-41 RP-080690 0103 - Upper l imit of loaical channel id 8.2.0 8.3.0 
RP-41 RP-080690 0104 - Clarifications and Corrections for HARO operation at TAT expiry 8.2.0 8.3.0 

and RACH contention resolution 
2008-1 2  RP-42 RP-081 0 1 8  0105 - CR0 1 05 to 36.321 [Rel-8] on PHR Periodic Timer Start 8.3.0 8.4.0 

RP-42 RP-081 01 8  0106 1 Proposed R1 of CR0 1 06 to 36.321 [Rel-8] on PHR Reference 8.3.0 8.4.0 
RP-42 RP-081 0 1 8  0 1 07 1 CR 0107 to 36.321 Interactions between measurement gap and 8.3.0 8.4.0 

Msg3 transmission 
RP-42 RP-081 018  0 1 08 2 Proposed R1 of CR0 1 08 to 36.321 [Rel-8] on PHR Reporting 8.3.0 8.4.0 

Values 
RP-42 RP-081 0 1 8  0 1 09 - Correction relatina to equal priorities 8.3.0 8.4.0 
RP-42 RP-081018  01 1 0  - CR 01 1 0  to 36.321 on Correction to PHR 8.3.0 8.4.0 
RP-42 RP-081 0 1 8  01 1 2  1 CR01 1 2r1 to 36.321 [Rel-8] Correction to BCCH Reception 8.3.0 8.4.0 

procedure 
RP-42 RP-081 0 1 8  01 1 3  - Contention Resolution Timer 8.3.0 8.4.0 
RP-42 RP-081 0 1 8  01 1 4  - PCH reception 8.3.0 8.4.0 
RP-42 RP-081 0 1 8  01 1 5  - Correction to reception of assignments and grants 8.3.0 8.4.0 
RP-42 RP-081 0 1 8  01 1 6  - Correction on Contention Resolution 8.3.0 8.4.0 
RP-42 RP-081 01 8  01 1 7  2 Proposed R 1 of CR01 1 7  to 36.321 [Rel-8] on on SR Clarifications 8.3.0 8.4.0 

and Repetitions 
RP-42 RP-081 078 01 1 8  2 Clarification on Padding value 8.3.0 8.4.0 
RP-42 RP-081018  01 1 9  - CR 01 1 9  to 36.321 Correction and Clarification on TT! Bundling 8.3.0 8.4.0 
RP-42 RP-081 0 1 8  0120 1 Clarification of DRX Active Time 8.3.0 8.4.0 
RP-42 RP-081018  0121  4 Text Proposal for Dedicated Preamble Assignment 8.3.0 8.4.0 
RP-42 RP-081 018  0122 - CR0122 to 36.321 [Rel-8] on Message 3 Definition 8.3.0 8.4.0 
RP-42 RP-081 0 1 8  0123 1 Correction to prevent wrong contention resolution by adaptive 8.3.0 8.4.0 

retransmission command 
RP-42 RP-081018  0124 - Bucket Size Parameter 8.3.0 8.4.0 
RP-42 RP-081018  0125 2 CR01 25r2 to 36.321 fRel-8] Correction to Multiple BSR 8.3.0 8.4.0 
RP-42 RP-081018  0127 - CR0127 to 36.321 [Rel-8] RACH preambles labellina 8.3.0 8.4.0 
RP-42 RP-0810 1 8  0128 1 CR01 28r1 to 36.321 [Rel-8] meraina CR01 26r0 and CR01 28r0 8.3.0 8.4.0 
RP-42 RP-081 0 1 8  0129 1 CR0129r1 to 36.321 [Rel-8] Correction to PDU Format 8.3.0 8.4.0 
RP-42 RP-081 018  0 1 30 - COi/ SRS/PMI/RI transmission durina active time 8.3.0 8.4.0 
RP-42 RP-081 0 1 8  01 3 1  1 NOi and Msg4 Carrying Contention Resolution ID 8.3.0 8.4.0 
RP-42 RP-081 0 1 8  01 32 1 CR0 1 32 to 36.321 [Rel-8] on MAC BSR triaaer 8.3.0 8.4.0 
RP-42 RP-081 018  0 1 33 - Clarification about Restartina the Periodic BSR Timer 8.3.0 8.4.0 
RP-42 RP-081 018  0 1 34 - Correction to RA procedure initiated by eNB PDCCH order 8.3.0 8.4.0 
RP-42 RP-081 018 0 1 35 1 Correction on PHR triggering condition 8.3.0 8.4.0 
RP-42 RP-08101 8 0 1 36 - CR 0136 to 36.321 on Correction to UL HARO Process for the 8.3.0 8.4.0 

transmission of Msg3 
RP-42 RP-081 0 1 8  0 1 37 2 SPS occasions 8.3.0 8.4.0 
RP-42 RP-081 018  0 1 38 - Robustness of Buffer Status Reporting 8.3.0 8.4.0 
RP-42 RP-081 018  0139 - Proposed CR to 36.321 [Rel-8] on UL HARO and Measurement 8.3.0 8.4.0 

Gaps 
RP-42 RP-08 1 0 1 8  0 1 42 1 TAT and RACH procedure 8.3.0 8.4.0 
RP-42 RP-081 0 1 8  0 1 43 1 SRS and COi Resources Release upon TAT Expiry 8.3.0 8.4.0 
RP-42 RP-08 1 0 1 8  0157 1 Proposed CR to 36.321 Correction to RACH procedure 8.3.0 8.4.0 
RP-42 RP-081 0 1 8  0162 1 BSR format for reporting empty buffers 8.3.0 8.4.0 
RP-42 RP-081018  0165 - TTI Bundling Configuration 8.3.0 8.4.0 
RP-42 RP-081 018  0166 1 Corrections to semi-persistent scheduling 8.3.0 8.4.0 
RP-42 RP-081 018  0167 2 Priotitization of MAC control elements 8.3.0 8.4.0 
RP-42 RP-081 018  0168 - Correction to starting of TA timer 8.3.0 8.4.0 
RP-42 RP-081 018  0173 1 Proposed CR to 36.321 SPS implicit release on UL 8.3.0 8.4.0 
RP-42 RP-081 018  0 1 74 - Proposed CR to 36.321 Measurement gaps and SPS 8.3.0 8.4.0 
RP-42 RP-081 018  01 75 Proposed CR to 36.321 Setting reserved bits to zero 8.3.0 8.4.0 
RP-42 RP-081 018  0 1 85 Proposed CR to 36.321 [Rel-8] MAC ResetReconfig Option 2 8.3.0 8.4.0 
RP-42 RP-081 018  0 1 88 2 RV setting 8.3.0 8.4.0 
RP-42 RP-081 018  0189 - Corrections to Random Access Procedure 8.3.0 8.4.0 
RP-42 RP-081 0 1 8  0198 - Number of HARO processes for MIMO 8.3.0 8.4.0 
RP-42 RP-081 0 1 8  0201 - Corrections to power control and random access 8.3.0 8.4.0 
RP-42 RP-08 1 0 1 8  0206 - Correction on the definition of the PDCCH-subframe 8.3.0 8.4.0 
RP-42 RP-081018  021 1  1 Correction to the coexist of SPS-RNTI and SI-RNTI or RA-RNTI 8.3.0 8.4.0 
RP-42 RP-081 01 8  0220 - Explicit release of SPS 8.3.0 8.4.0 
RP-42 RP-081018  0225 2 Linking HARO process ID with the SPS resource 8.3.0 8.4.0 
RP-42 RP-081018  0231 - Bucket Parameter Update 8.3.0 8.4.0 
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RP-42 RP-081018  0232 1 Clarification on "POCCH indicates a new transmission" for ORX 8.3.0 8.4.0 
RP-42 RP-081 01 8  0233 1 Editorial corrections to MAC 8.3.0 8.4.0 
RP-42 RP-081018  0236 RB suspension and BSR contents 8.3.0 8.4.0 
RP-42 RP-081 01 8  0239 - RV setting 8.3.0 8.4.0 
RP-42 RP-081018  0240 2 Preamble group selection 8.3.0 8.4.0 
RP-42 RP-081018  0241 - Use of dedicated preambles after HO complete 8.3.0 8.4.0 
RP-42 RP-081 0 1 8  0242 - Introduction of HARO RTT Timer 8.3.0 8.4.0 
RP-42 RP-081 0 1 8  0243 - Correction to ORX configuration 8.3.0 8.4.0 

2009-03 RP-43 RP-090128 0245 - CR to 36.321 on BSR clarification 8.4.0 8.5.0 
RP-43 RP-090128 0246 2 Freeing of reserved RNTls 8.4.0 8.5.0 
RP-43 RP-090128 0247 - Correction to MAC reset 8.4.0 8.5.0 
RP-43 RP-0901 28 0248 - Correction to Initial ization of Prioritization 8.4.0 8.5.0 
RP-43 RP-090128 0249 - Local NACKing Optionality MAC CR 8.4.0 8.5.0 
RP-43 RP-090128 0250 1 Position of the Backoff Indicator subheader 8.4.0 8.5.0 
RP-43 RP-0901 28 0251 - Missing reserved bit setting 8.4.0 8.5.0 
RP-43 RP-090128 0252 - E

x
pired TAT and PUSCH transmission 8.4.0 8.5.0 

RP-43 RP-090128 0253 - E
x

oired TAT and HARO feedback 8.4.0 8.5.0 
RP-43 RP-090128 0254 1 Counter proposal to R2-090969 on Management for HARO buffer 8.4.0 8.5.0 

with TAT 
RP-43 RP-090128 0255 - HARO Feedback and Contention Resolution 8.4.0 8.5.0 
RP-43 RP-0901 28 0256 - Corrections to redundancv version control for system information 8.4.0 8.5.0 
RP-43 RP-0901 28 0257 - Mapping of the RNTls to different transport channels 8.4.0 8.5.0 
RP-43 RP-090128 0258 - ORX and UL Retransmissions 8.4.0 8.5.0 
RP-43 RP-0901 28 0259 - Definition of ORX Short Lvcle Timer 8.4.0 8.5.0 
RP-43 RP-0901 28 0260 - Smal l  corrections to RACH 8.4.0 8.5.0 
RP-43 RP-090128 0261 Processing of contention resolution message 8.4.0 8.5.0 
RP-43 RP-0901 28 0262 - Corrections to power control and random access 8.4.0 8.5.0 
RP-43 RP-0901 28 0263 - Missino condition for unsuccessful reception of Msg2 8.4.0 8.5.0 
RP-43 RP-0901 28 0264 1 Corrections relating to Random Access required inputs 8.4.0 8.5.0 
RP-43 RP-0901 28 0265 - Bucket Parameter Update 8.4.0 8.5.0 
RP-43 RP-090128 0266 2 Correction to Handl ing of triaaered PHR 8.4.0 8.5.0 
RP-43 RP-0901 28 0267 SPS resource release on 0-SR failure 8.4.0 8.5.0 
RP-43 RP-090 1 28 0269 2 NDI handling when measurement oap and SPS occassion col lide 8.4.0 8.5.0 
RP-43 RP-0901 28 0270 - Correction relating to PDCCH order 8.4.0 8.5.0 
RP-43 RP-0901 28 0271 - Error Handling 8.4.0 8.5.0 
RP-43 RP-0901 28 0272 - Various clarifications/corrections to TS36.321 8.4.0 8.5.0 
RP-43 RP-0901 28 0273 1 Disassembly, Oemultiple

x
ino and Multiple

x
ing functions 8.4.0 8.5.0 

RP-43 RP-090128 0274 1 Miscellaneous corrections to MAC 8.4.0 8.5.0 
RP-43 RP-0901 28 0275 2 CR on Interactions between Msg3 transmission and TTI bundling 8.4.0 8.5.0 
RP-43 RP-0901 28 0276 - TTI Bundling 8.4.0 8.5.0 
RP-43 RP-090128 0278 1 Correction to BSR trigger at servino cel l  change 8.4.0 8.5.0 
RP-43 RP-0901 28 0279 1 Correction to Release of SPS 8.4.0 8.5.0 
RP-43 RP-090 1 28 0280 2 Usage of RRC Parameters 8.4.0 8.5.0 
RP-43 RP-0901 28 0281 - Clarification of MAC Timer status 8.4.0 8.5.0 
RP-43 RP-0901 28 0282 1 Correction on MAC PDU subheader description 8.4.0 8.5.0 
RP-43 RP-090128 0283 1 LIE behaviour at CURRENT TX NB reaches ma

x
imum value 8.4.0 8.5.0 

RP-43 RP-090128 0285 - Reporting During DRX 8.4.0 8.5.0 
RP-43 RP-0901 28 0289 - N DI handl ing after random access procedure 8.4.0 8.5.0 
RP-43 RP-0901 28 0290 1 Dedicated preamble handling after random access failure 8.4.0 8.5.0 
RP-43 RP-0901 28 0292 - NDI and grant in Message 2 8.4.0 8.5.0 
RP-43 RP-0901 28 0293 1 Correction relatina to BCCH HARO 8.4.0 8.5.0 
RP-43 RP-0901 28 0300 1 Corrections to Msg3 definition and usage 8.4.0 8.5.0 
RP-43 RP-0901 28 0303 - PRACH selection must use prach-Configurationlnde

x 
8.4.0 8.5.0 

RP-43 RP-090128 0305 - Clarification on RETX BSR TIMER 8.4.0 8.5.0 
RP-43 RP-0901 28 0307 3 MAC Structure in LIE Side 8.4.0 8.5.0 
RP-43 RP-0901 28 0308 - Clarification on Random Access Procedure 8.4.0 8.5.0 
RP-43 RP-0901 28 031 4  - Clarification on the CR timer 8.4.0 8.5.0 
RP-43 RP-0901 28 031 6  - Correction on BSR 8.4.0 8.5.0 
RP-43 RP-090128 031 8  1 Clarification on MAC reconfiauration of timers and counters 8.4.0 8.5.0 
RP-43 RP-0901 28 0320 - HARO feedback, COI/PMI/RI and SRS transmissions and 8.4.0 8.5.0 

measurement oaps 
RP-43 RP-0901 28 0324 - MAC POU subheader corresponding to padding 8.4.0 8.5.0 
RP-43 RP-0901 28 0333 - CR On Backoff table 8.4.0 8.5.0 
RP-43 RP-0901 28 0334 3 TTI Bundling Operation 8.4.0 8.5.0 
RP-43 RP-090128 0341 1 Enforcing new transmission after flushino· HARO process 8.4.0 8.5.0 

2009-06 RP-44 RP-09051 3  0342 - Correction on HARO feedback transmission 8.5.0 8.6.0 
RP-44 RP-09051 3  0343 1 Clarification on the OL assignment/UL grant reception in SPS 8.5.0 8.6.0 
RP-44 RP-09051 3  0344 1 PHR timer handl ino after handover 8.5.0 8.6.0 
RP-44 RP-09051 3  0346 2 MAC POU for Msg2 8.5.0 8.6.0 
RP-44 RP-09051 3  0347 2 MAC Error handling 8.5.0 8.6.0 
RP-44 RP-09051 3  0348 - Correction on SR cancel lation 8.5.0 8.6.0 
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RP-44 RP-09051 3  0349 1 Correction to RETX BSR TIMER 8.5.0 8.6.0 
RP-44 RP-09051 3  0350 1 CR to 36.321 on UL SPS Implicit Release 8.5.0 8.6.0 
RP-44 RP-09051 3  0351 2 Various correction to MAC 8.5.0 8.6.0 
RP-44 RP-09051 3  0369 - Correction to Uplink orant bv temporary C-RNTI 8.5.0 8.6.0 
RP-44 RP-09051 3  0370 - Clarification on simultaneous reception of RA-RNTI and C-RNTI 8.5.0 8.6.0 
RP-44 RP-09051 3  0374 - Correction on timeAliqnmentTimer validity in MAC 8.5.0 8.6.0 
RP-44 RP-09051 3  0376 1 CR for MAC oaddino 8.5.0 8.6.0 
RP-44 RP-09051 3  0377 - Correction to duplicate reception of TA command {2nd method} 8.5.0 8.6.0 

2009-09 RP-45 RP-090906 0379 - Correction to NDI semantics 8.6.0 8.7.0 
RP-45 RP-090906 0380 1 Minor corrections to 36.321 8.6.0 8.7.0 
RP-45 RP-090906 0381 2 UE behaviour when MBSFN subframe and a configured downlink 8.6.0 8.7.0 

assionment collide 
RP-45 RP-090906 0399 Correction to HARO process ID for DL SPS retransmissions 8.6.0 8.7.0 
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Title: Reconfiguration in CA 

Discussion ,  Decision Document for: 

1 Introduction 

After discussion in Miyazaki, following is agreed as TP to 36.9 12.  

5.3.2.2 Connection Control 

As in LTE Rel-8, the UE only has one RRC connection with the network. One cell - the "special cell" - provides the 
security input and the NAS mobility information ( one ECGI, one PCI and one ARFCN). There is only one "special cell" 
per UE in connected mode. 

After RRC connection establishment to the "special cell", the reconfiguration, addition and removal of CCs can be 
performed by RRCConnectionReconfiguration including mobilityControllnfo (i.e. "intra-cell handover"). 
RRCConnectionReconfiguration without mobilityControllnfo can also be used for the addition ofCCs, and for the 
removal of CCs with the exception of the CC corresponding to the "special cell". 

At intra-LTE handover, the RRCConnectionReconfiguration with mobilityControllnfo (i.e. "handover command") can 
remove, reconfigure or add CCs for usage in the target cell. 

In addition, following can be found in the minutes of Miyazaki meeting. 

What other CC reconfigurations may be possible without performing a handover is FFS 

2.  Discussion 

According to the RRC procedure ofLTE, there seem two cases when (re-)keying is performed: 

1 .  In L TE, when a UE receives Security Mode Command message, the UE calculate KeNB using the PCI of the 
cell from which Security Mode Command message is received. 

Even in LTE-A, it is likely that first activation of additional carrier is performed only after security context 
is established between eNB and UE. Before establishment of security context, user plane data transmission 
is not likely to occur. Having multiple CCs without possible data transmission seems not logical. 

Thus, at the time when Security Mode Command is received, there will be only one DL carrier. Thus, 
without ambiguity, UE can use the PCI of this DL carrier as security input. 

Idle Mode 
Camping 

RRC Connection 
Establishment 

Connected 
Mode 

u,/n _f!:PrF 1ritv 

Security Mode 
Command 

IIIII 

Connected 
Mode 

rnith _c� ,ritv 

RRC 
Reconfiguration

11111 

Conclusion 1 :  Activation of additional carrier is done after SMC is finished. 

2. In LTE, when a UE receives RRC Connection Re-configuration with mobility information message, the UE 
calculate KeNB using the PCI of the cell to which the UE should be switched to. 
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If only one carrier is activated when serving eNB is changed, there will be no difference between LTE-A and LTE. I.e., the only DL carrier included in the handover message will serve as input to KeNB calculation. 

Cell A (Carrier 1} � 
Which Ceo is security 

input? 

� 

However, though it has not been discussed yet, it is likely that more than one carrier can be configured at the time of handover. In this case, it is not clear which cell should be served as input for security setting. Simply, the Handover Command message sent by eNB can explicitly indicate which DL carrier should be used as input. 
The above approach where eNB can indicate 'the specific cell' can be generally used even for intra-eNB reconfiguration. I.e., whenever there is an ambiguity regarding which carrier should be used as input for NAS system information or as input for KeNB generation, eNB can indicate the specific carrier via the RRC message. Based on the indicated carrier, a UE know which carrier is used for KeNB generation. Furthermore, eNB can re-key without change of CCs by just indicating one of active CCs as new special cell. 
Conclusion 2: eNB can indicate which cell is the "special cell" that provides security input and NAS 
SIB when it transmits RRC messages. 

In Rel-8, every handover leads to PDCP/RLC re-establishment and re-keying, regardless of whether the handover is performed within a same eNB or not. Thus, UE in L TE network experiences interruption of data transfer whenever there is a handover. 

KeNB change 
R� 

- Handove� 

In Rel-10  with LTE-A, a UE can be configured with multiple DL/UL carriers. This means that a UE has to prepare for not only Rel-8 cell change procedures but also DL/UL carrier change procedures .  If each (re-)configuration of additional carrier is considered as handover, the UE will experience much more data interruption. Unless some smart mechanism is introduced, user perception will be worse in LTE-A than in LTE. 

-CCchang?� 

First of all, we need to decide which procedure will be used for the (re-) configuration of activated component carriers. In LTE, there are two RRC messages that eNB can use to adjust radio parameter for the given UE. First one is RRC 
Connection Reconfiguration with mobility information message and the other one is RRC Connection Reconfiguration 
without mobility information message. 
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Following is extracted from TS36.33 1 :  
5.3.5 .3 Reception of an RRCConnectionReconfiguration not including the 

mobilityControllnfo by the U E  

UT90-1 365 

If the RRCConnectionReconfiguration message does not include the mobilityControllnfo and the UE is able to comply with the configuration included in this message, the UE shall: 

l>  else: 
2> if the RRCConnectionReconfiguration message includes the radioResourceConfigDedicated: 

3> perform the radio resource configuration procedure as specified in 5 .3 . 1  O ;  
5.3.5.4 Reception of an RRCConnectionReconfiguration including the 

mobilityControllnfo by the UE (handover) 

l>  reset MAC; 
l >  re-establish PDCP for all RBs that are established; 
1> re-establish RLC for all RBs that are established; 

l> configure lower layers in accordance with any additional fields, not covered in the previous, if included in the received mobilityControllnfo; 

l>  else: 
2> update the l<eNB key based on the current l<eNB or the NH, using the nextHopChainingCount value indicated in the securityConfigHO, as specified in TS 33 .401 [32]; 

As can be seen in the above text, RRC Connection Reconfiguration with mobility information message always requires a UE to re-establish RLC/PDCP and change ofKeNB. In this case, data interruption is unavoidable. On the other hand, 
RRC Connection Reconfiguration without mobility information message does not introduce this behavior. 
Activation or deactivation of component carrier may be used to dynamically meet QoS requirement of established bearers rather than to respond to cell quality change caused by UE's  actual mobility. If the actual move of a UE triggers eNB's  action, the eNB may choose to change serving cell on the same frequency rather than to (de-)activate another component carrier. In this case, re-establishment is natural consequence. However, if a UE demands for higher data rate without change of location, the eNB may just increase the number of used component carrier. In this case, re­establishment is over-reaction. 
Overall, there seem two cases. First case is to reconfigure activated CC without re-establishment or security change and the second case is to reconfigure activated CC with re-establishment or security change. Support of these two scenarios can be easily done. I.e., it seems enough to introduce a new Information Elements related to component carrier configuration into RRC Connection Reconfiguration message. Based on whether the new IE is included with mobility 
information or not, the UE can easily identify whether it needs to re-establish security context when it reconfigures activated components carrier. 
Conclusion 3: When RRC Connection Reconfiguration message which (re-)configures component carriers is 
received, PDCP/RLC re-establishment and re-keying of security context depends on whether the message 
includes mobility information or not. 
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In general, the question is when change of 'special cell' can be declared or when 'special cell' provides security input to PDCP. According to the above conclusions, eNB can control when a rekeying is performed. I.e., by deciding whether to include 'mobility information' or not, eNB can decided whether to trigger re-keying or not. At this moment when re­keying is performed, it become important which cell should be considered as ' special cell' which provides security input. If eNB decides not to re-synchronize security keys, it seems not so important which cell is special cell. 
Then, we can link change of 'serving cell' to the rekeying procedure. I.e., whenever re-keying is performed, ' special cell change' is declared. Then, even if 'special cell' before reconfiguration is same as the 'special cell' after reconfiguration, we have to consider it as 'special cell change'. However, this seems not a problem because we consider 'intra-cell handover" as a 'handover'. 
Conclusion 4:  'Special cell' is considered as being changed when security re-keying occurs. 

Currently, it is not yet decided whether removal of "special cell" can be done without handover procedure. For the reconfiguration procedure within same eNB, to request re-calculation of security parameter for each removal of special cell seems to be too restrictive. If it is possible to remove ' special cell' either by intra-handover procedure or by reconfiguration without handover, to allow both option is to give more flexibility to eNB. I.e., if eNB sees a need to security re-synchronization while performing special cell removal, it can use 'intra-handover' procedure. And, if eNB does not want to change security setting while performing special cell removal, it can use 'reconfiguration without handover' procedure. 

2 ways of Special Cell Removal 

Special cell 
changed 

Special cell not 
changed 

Though ' special cell' provides security input to PDCP, it does not necessarily mean that security parameter used in PDCP always should be from the one of the activated carrier. As a matter of fact, PDCP layer which is in charge of security protection does not know to which carrier/cell it is connected. Thus, practically, there is no problem even if used security parameter is not associated with any active carriers/cells. In this sense, removal of serving cell should be allowed without involving a handover procedure. By not performing rekeying at each removal of special cell, data interruption can be minimized. 
Conclusion 5: 'Special cell' can be removed from activated CCs with RRC reconfiguration procedure without 
handover. 
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3. Proposal 

It is proposed to agree on the following: 

Proposal 1 :  Activation of additional carrier is done after SMC is finished. 

Proposal 2: eNB can indicate which cell is the "special cell" which provides security input and NAS system 
information via RRC signaling. 

Proposal 3 :  When RRC Connection Reconfiguration message which (re-)configures component carriers is 
received, PDCP/RLC re-establishment and re-keying of security context depends on whether the message 
includes mobility information or not. 

Proposal 4: 'Special cell' is considered as being changed when security re-keying occurs. 

Proposal 5: 'Special cell' can be removed from activated CCs with RRC reconfiguration procedure without 
handover. 
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Title: SR procedure and DRX procedure. 

Discuss ion ,  Decision Document for: 

1 I ntroduction 

SR procedure is used to  request radio resource for UL transmission and DRX procedure is used to increase battery 
efficiency. According to section 5.7 ofTS36.321, SR procedure affects DRX as follows: 

When a DRX cycle is configured, the Active Time includes the time while: 

2 .  

- onDurationTimer or drx-InactivityTimer or drx-RetransmissionTimer or mac-ContentionResolutionTimer (as 
described in subclause 5 .1.5} is running; or 

- a Scheduling Request sent on PUCCH is pending (as described in subclause 5.4.4); or 

Discussion 

According t o  section 5.4.4, pending S R  is cancelled when a relevant BSR has been transmitted. Regarding SR 
procedure, elements that constitute active time are shown in the following figure 1. 

BSF</S�i�i·· 
triggered/pending 

Oms 10ms 

; ,( 
1st element 

2ors i 30ms 
: 2nd : 3rd : 

� • ill:elementj,, : ,( element )P: � 

Fig 1 Elements of DRX Active time 

40rs 

4tR element >1 

UE is in active time as long as SR is pending. The component of active time in figure 1 is as following: 

- Element I :  This is the period from when a SR is triggered to when SR on PUCCH is firstly available. I.e., this 
element is related to how often SR on PUCCH resource is available. 

- Element 2: This is the period from when transmission over SR on PUCCH is made to when earliest UL Grant can 
be received. I.e., this element is related to UL/DL RTT plus eNB's minimum processing time. 

- Element 3 :  This is the period when eNB may transmit UL Grant to the UE, with the condition that the eNB had 
successfully decoded UE's transmission of SR over PUCCH. This is related to how much scheduling flexibility 
eNB wants to have in response to SR request of a UE. 

- Element 4 :  this is the period from when the UE has to wait until next available SR on PUCCH after previous 
transmission of SR over PUCCH has failed. This is the case when previous transmission of SR over PUCCH 
didn't reach eNB. 

Regarding whether a UE is required to monitor PDCCH while SR is pending, following analysis can be made for each 
elements: 

- Element 1: eNB does not know whether SR has been triggered at the UE side. Thus, eNB will not give any UL 
Grant to the UE. In this sense, PDCCH monitoring by UE is meaningless during this period. 
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- Element 2: Even if the transmission of SR over PUCCH is successful, the UE will not receive any UL grant due to propagation delay and eNB processing. Thus, there is no need for the UE to monitor PDCCH during this period. 
- Element 3 :  Even if eNB successfully detects SR transmission over PUCCH by a UE, the eNB may not immediately allocate UL grant for the UE. A UE must monitor PDCCH during this period due to the scheduling flexibility of eNB. However, as this period gets longer, UE battery performance will be more impacted. 
- Element 4: When SR is pending, UE monitors PDCCH to receive UL grant. The assumption behind this is that eNB successfully receives transmission of SR over PUCCH. If SR transmission over PUCCH has not reached eNB, there is no reason for the UE to listen PDCCH. Thus, UE does not need to monitor during this period .  

According to  the above analysis, it i s  meaningful for  the UE to monitor DL channels only during element 3 .  Under current specification, it is evident that UE monitors DL channels unnecessarily longer. 

3 .  Proposal 

In this contribution, we analyzed the relation of SR and DRX. To prevent unnecessary UE monitoring during SR procedure, it is proposed to relax the definition of DRX Active time so that UE is required to monitor PDCCH only during when possible UL Grant can be received. 
If agreement is reached, LG is happy to provide CR for the next meeting. 
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Title • SI Provid i ng for CA 

Document for • Discussion and Decision 

1 S I  provid ing for non-extension carrier 

UT09-1365 

[All background information can be found in annex or 3GPP TS 36.300, 3GPP TS36.321 ,  3GPP TS TS36.33 1 ,  TR36.9 12] 
SI providing at CC addition {i.e. at CC configuration) 
As identified so far, we have two options: when a CC (Component Carrier) is added, 

1 .  Option 1 :  the UE receives the system information by common signalling, i.e. broadcast. 
( +) less signalling overhead 

2. Option 2: the UE receives the system information by dedicated signalling. 
( +) no delay to use the CC as no extra time to read SI is required 

In option!, the eNB may need to conservatively take the delay until the use of the CC as it is difficult to expect when SI reading is finished by the UE. We think it is not desirable to introduce such delay at CC addition. 
In option 2, we think that the signalling overhead would not be an issue in LTE-A system to provide data with higher rate, considering the LTE Rel-8 system already supports to provide SI by the dedicated signalling at handover. 
Proposal 1 :  It is proposed to support dedicated signalling to provide system information at CC addition 

SI providing at SI change 
As identified so far, we have two options: to know the SI change of each DL CC 

1 .  Option 1 :  the UE periodically checks paging or SIB 1 on every DL CC. 
(+) simple 

2. Option 2: the UE can periodically check paging or SIB l on only a certain DL CC, e.g. CC specific 
systemlnfoModification in paging message or CC specific systemlnfoValueTag in SIB l .  
( +) UE power saving 

As this issue is about an UE power saving aspect, we think it is quite related to DRX and CC activation/de-activation for CA being discussed. 
In non-DRX case, as the UE may be required to monitor paging or SIB 1 on each DL CC where it is receiving data, there would not be an issue in terms of the UE power saving. 
In DRX case, we currently have two signalling solutions for CC activation/de-activation: RRC signalling and PDCCH signalling [ 1-4]. 
IfRRC signalling is used, due to the nature ofRRC signalling, we think that there would be several DL CCs the UE is monitoring in DRX. In this case, the UE in option 1 would wake up more often to monitor paging or SIB 1 than in option 2. So, we think that option 2 is useful. 
If PDCCH signalling is used, as the eNB can dynamically manage CCs of the UE, we think that there would be one (or small number of ) DL CC the UE is monitoring in DRX. In this case, there would not be an issue for option 2. However, we may need to consider how the UE will manage SI for de-activated CCs. If the UE needs to maintain up-to-date SI even for de-activated CC, i.e. monitors paging/SIB 1 on the de-activated CCs, we think option 2 is useful as the UE in optionl needs to wake up for monitoring paging/SIB I on the de-activated CCs. Otherwise if the UE receives the updates SI by dedicated signalling when the CC is re-activated, we think option 1 is enough. 
Alternatively, 
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1 .  the eNB can request the UE to read system information by sending the UE an indication in the PDCCH, MAC, or RRC signalling. The indication also includes which DL CC the UE reads system information on. 
2. The UE, after receiving the indication, starts reading the system information on the indicated DL CC. 
3 .  The UE, after completing the system information reading, indicates the completion of the system information reading to the eNB. 

For example , 
1 .  The eNB configures the several DL CCs to the UE for CA functionality (assume DL CC 1 and DL CC2). 
2.And the eNB activates those two DL CCs. 
3 .Afterwards, the eNB de-activates the DL CC 2 .  
4. The SI  ofDL CC 2 is  changed. 
5 .Afterwards, the eNB re-activated the DL CC2. 
6.Also, the eNB sends the indication to the UE to request the UE to read the system information on the DL CC2. 
7. The UE, after completing the system information reading, indicates the completion of the system information reading ofDL CC2 to the eNB. 

-------------------------------------------------------------------------------------------------------
Subject: Summary of SI, MAC RLF and DRX for CA 

The following are the Inventors' opinions. 
SI for CA 
- For non-extension carrier 
* For SI acquisition at CC addition 

* By dedicated signaling 
[Young] I think that the UE may directly read the SI upon CC addition. The eNB may perform scheduling taking into consideration the time required for the UE to read the SI. 

* For SI acquisition at ST change 
[Sung Duck] I think this section is assocaited with activation/deactivation although I am not sure if "addition" is different from "activation". Should the UE rrrst acquire SI if a carrier is dynamically activated over a PDCCH? Alternatively, should the UE manage SI of each carrier and perform "up-to-date follow up", regardless of whether it is activated or deactivated? I think that these questions can be applied to each option. 

* Option 1 (baseline): Like LTE R8, the UE checks the paging msg. or value tag on each CC and then acquires the updated SI on each CC. 
[ sung Duck] : When an SIB of a CC has changed, an SIB of another CC does not necessarily change. This may be the most efficient strategy. 
[Young] I think that, in the case of a value tag of an SIB 1 ,  it may also be possible that a value tag of the current CC and only a common value tag of neighbor CCs are transmitted. 

Section 8 
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Is an individual value tag of each CC indispensible if the number of aggregated CCs is small? I think the individual value tag of each CC is unnecessary, especially when only the SI of an activated/configured carrier is tracked (or searched for) . 
Of course, a common SI modification indication of neighbor CCs may also be considered for paging. 
In addition, I think that it will be preferable that the common SI remain unchanged when changes of the SI of other neighbor CCs are indicated through paging of the current CC. 
If the following paging ASN 1 structure is employed, it will be possible for the UE to determine change of the common SI merely by tracking change of the SI of the current CC (a SIBl value tag of a specific CC also includes common SI modification) 

The following is a summary of my opinions. 

• + s imple 
• - requ i red to acqu i re SI on a l l  CCs even if the common SI (as opposed to CC 

specific SI) is on ly changed (point 1) 
• - requ i red to monito r/decode paging msg. and va l u e  tag on a l l  CCs (point 2) 

♦ Option 2 (optimizatio n to point 1): the paging msg. and/or SIBl contain "no CC specific 
SI change info" . .  Then, the U E  who acqu i red the updated common SI on a certa i n  
carrier c a n  avoid to acqu i re t h e  common S I  on other CCs i n  case C C  specific SI i s  not 

changed. 
[Sung Duck] Question about option 2/3 : What is the definition of "CC specific Sr'. Is this a new SIB 
message? The current LTE does not include the CC specific SI. Isn't there a backward compatibility 
problem with the Rel-8 LTE UE, provided that the new SIB is defined? (This has already been mentioned in 
other issues ... ) 

[Young] Although I am not sure if I correctly understand the intention, I think that the problem raised in 
the ASN . 1  structure will be overcome in Option 1 .  I think we can also consider another method in which a 
common SI modification indication or a common SI value tag is created and common SI modification ( or 
change) is not indicated through an SI modification indication or a value tag included in a current CC. 

♦ Option 3 (optimization to point 2): the paging msg. and/or SIBl co ntains a l l  CC cha nges 

i nfo. Then, the U E  is only requ i red to monitor/decode the paging msg. and/or SIBl on 
a certai n  carrier 
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[Young] Although I am not sure if I correctly understand the intention, I think that it will be possible to 
achieve the object, especially without adding additional details to the SIB 1 and the paging message. That 
is, the Rel-8 UE determines that SI modification in paging and an SIBl value tag indicates SI change of the 
current CC and the Rel- 1 0  UE understands that all CCs have been changed. 

♦ Option 4 (optimization  to point 1 and point 2): option 2+option3 

- For extension carrier if needed 

■ For SI acqu isition at CC addition 

♦ By dedicated s ignal ing 

■ For SI acqu isition at SI change 

♦ By dedicated s igna l ing 

[Sung Duck] I think that the extension carrier is not a cell but is rather simply a carrier which provides a 
higher data rate to a connected mode UE. 

While the cell provides (or broadcasts) SI, it is not normal that such an entity, which is not a cell, provides 
(or broadcasts) SI. That is, SI is not present in the extension carrier (Ex). 

[Young] I think that whether or not SIB2 is included in the extension carrier is important. 

If the extension carrier uses a common resource such as an RACH or includes an MBSFN subframe, 
SIB2 will be needed and therefore SIBl will also be needed. 

I think that DL/UL BW may be provided (broadcast) through dedicated signaling if common resources 
and an MBSFN subframe are not present. 

However, it will be necessary to provide an MID for the extension carrier due to the SFN. 

MAC RLF for CA 

- Assumptions 

■ mult ip le RACH carriers 

■ RA�H dedicated preamble (re-)transmissions a re only avai lab le on  the concerned CC 

■ RACH non-dedicated preamble (re-)transmissions a re avai lab le on  a l l  avai lab le RACH ca rrie rs 

[Sung Duck] Carrier jump will cause a TX power setting problem as mentioned previously. 

[Young] Maybe, there will be no problem in adjacent UL carriers. 

- Proposal 1: if RACH preamble h its max, consider a l l  up l inks broken 

[Young] The following are my opinions. 

1 .  If the UE has performed current preamble transmission counting only for a specific UL CC in multiple 
RACH carrier environments (if the preamble transmission counter is CC-specific), 

-> This is not the RLF but instead is carrier failure according to our current RLF assumptions. 

-> The operation of the UE in this case is as follows. 

1 .  In any way, the problem is reported to the eNB. For example, when RA for UL CC addition has failed, 
such failure is reported through a UL SCH of a neighbor CC. 
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2. No action is taken for other UL CCs since other UL CCs are safe. Nonetheless, since the problem still 
exists; it is desirable that the problem be reported. 

3 .  RA is reattempted in other UL CCs since other UL CCs are safe. 

-> When the case of 3 is considered in more detail, it may not be possible to apply the approach if the 
purpose is to access only a specific CC (for example, if the purpose is to perform UL CC addition). 

In other cases (for example in the case of SR transmission), it will be possible to define a CC specific 
counter and a counter for all CCs. 

In addition, when the CC specific counter has reached the maximum value, RA is reattempted in other UL 
CCs and RLF is declared only when the counter for all CCs has reached the maximum value. 

2. If current preamble transmission counting has been attempted in a number of UL CCs in multiple 
RACH carrier environments (if the preamble transmission counter is CC-common), 

-> This is the RLF so that the connection re-establishment procedure will be triggered. 

- P roposal 2: if RACH dedicated pream b le hits max, FFS if another RACH ca rrier. if a ny, can be 
considered a l ive. 

[Young] It will be possible to consider a CC specific counter and a counter for all CCs described above, 
assuming that the dedicated preamble has been allocated to a specific UL CC. 

If a CC specific counter has reached the maximum value in the specific CC using the dedicated preamble, 
RA is reattempted using a non-dedicated preamble in another UL CC (until the counter for all CCs reaches 
the maximum value). 

Activation/De-activation with DRX 
- Combi nation 

■ RRC + common DRX ({:1 .2.?) 
■ RRC + CC specific DRX 
■ P DCCH + co mmon DRX ({:1 .2.?) 
■ P DCCH + CC specific D RX (x) 

Other issue?: 
- does the U E  need to monitor e .. g paging/SI on the d e-activated carriers? 

■ If no, how does the UE get the SI, if changed, o n  d eactivated -+ activated carriers? 
[Young] I think that the UE does not need to monitor the deactivated carrier. I think that the UE only needs to directly read SI of the channel when the channel is activated. 

The eNB only needs to perform scheduling taking into consideration the time required for the UE to read the SI. 
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As a result of discussion, we see the solutions for SI providing at SI change have dependency with CC activation/de­activation. Thus, we would propose to further investigate the solutions for SI providing at SI change with CC activation/de-activation. 
Proposal 2: It is proposed to further investigate the solutions for SI providing at SI change with CC activation/de­activation. 

2 S I  provid ing for extension carrier 

We feel that RAN2 has a difficulty to expect the existence of the extension carrier in CA without inputs from RANl/4. Also if it exists, it is also unclear in RAN2 whether or not the extension carrier will provide the system information. Basically, one of requirement of a "cell" is to broadcast a system information. Thus, if an extension carrier broadcast a system information, it is not just a 'carrier' but it is a 'cell'. 
In this situation, we don't think that CA work with extension carrier is worthwhile. Therefore, we would propose to defer the extension carrier aspects until the details of the extension carrier are somewhat clear. 
Proposal 3 :  It is proposed to defer the extension carrier aspects for SI until the details of the extension carrier are somewhat clear 

3 Conclusions 

For S I  providing fo r  non-extension carrier, 
Proposal 1 :  It is proposed to support dedicated signalling to provide system information at CC addition 
Proposal 2: It is proposed to further investigate the solutions for SI providing at SI change with CC activation/de­activation. 
For SI providing for extension carrier, 
Proposal 3: It is proposed to defer the extension carrier aspects for SI until the details of the extension carrier are somewhat clear 

Annex A: Prior Art: system i nformation 

5.2 System information 

5 .2 . 1  

5 .2 .1 . 1  

I ntroduction 

General  

System information is divided into the lvfasterlnformationBlock (MIB) and a number of SystemlnformationBlocks (SIBs ). The MIB includes a limited number of most essential and most frequently transmitted parameters that are needed to acquire other information from the cell, and is transmitted on BCH. SIBs other than 
SystemlnformationBlockTypel are carried in Systemlnformation (SI) messages and mapping of SIBs to SI messages is flexibly configurable by schedulinglnfoList included in SystemlnformationBlockTypel, with restrictions that: each SIB is contained only in a single SI message, only SIBs having the same scheduling requirement (periodicity) can be mapped to the same SI message, and SystemlnformationBlockType2 is always mapped to the SI message that corresponds to the first entry in the list of SI messages in schedulinglnfoList. There may be multiple SI messages transmitted with the same periodicity. SystemlnformationBlockTypel and all SI messages are transmitted on DL-SCH. 
5.2. 1 .2 Schedul ing 

The MIB uses a fixed schedule with a periodicity of 40 ms and repetitions made within 40 ms. The first transmission of the MIB is scheduled in subframe #0 of radio frames for which the SFN mod 4 = 0, and repetitions are scheduled in subframe #0 of all other radio frames. 
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The SystemlnformationBlockTypel uses a fixed schedule with a periodicity of 80 ms and repetitions made within 80 ms. 
The first transmission of SystemlnformationBlockTypel is scheduled in subframe #5 of radio frames for which the SFN 
mod 8 = 0, and repetitions are scheduled in subframe #5 of all other radio frames for which SFN mod 2 = 0. 

The SI messages are transmitted within periodically occurring time domain windows (referred to as SI-windows) using 
dynamic scheduling. Each SI message is associated with a SI-window and the SI-windows of different SI messages do 
not overlap. That is, within one SI-window only the corresponding SI is transmitted. The length of the SI-window is 
common for all SI messages, and is configurable. Within the SI-window, the corresponding SI message can be 
transmitted a number of times in any subframe other than MBSFN subframes, uplink subframes in TDD, and subframe 
#5 ofradio frames for which SFN mod 2 = 0. The UE acquires the detailed time-domain scheduling (and other 
information, e.g. frequency-domain scheduling, used transport format) from decoding SI-RNTI on PDCCH (see TS 
36.321 [6]). 

A single SI-RNTI is used to address SystemlnfonnationBlockTypel as well as all SI messages. 

SystemlnformationBlockTypel configures the SI-window length and the transmission periodicity for the SI messages. 

5.2 . 1 .3  System information valid ity and notification of changes 

Change of system information ( other than for ETWS and CMAS) only occurs at specific radio frames, i.e. the concept 
of a modification period is used. System information may be transmitted a number of times with the same content 
within a modification period, as defined by its scheduling. The modification period boundaries are defined by SFN 
values for which SFN mod m= 0, where m is the number of radio frames comprising the modification period. The 
modification period is configured by system information. 

When the network changes ( some of the) system information, it first notifies the UEs about this change, i.e. this may be 
done throughout a modification period. In the next modification period, the network transmits the updated system 
information. These general principles are illustrated in figure 5 .2 .1.3-1, in which different colours indicate different 
system information. Upon receiving a change notification, the UE acquires the new system information immediately 
from the start of the next modification period. The UE applies the previously acquired system information until the UE 
acquires the new system information. 

I 

I 

I 

I 

I 

10 

Change notification 

Fl mm 0 

BCCH modification period (n) 

I 

I 

I 

I 

I 

10 

Updated information 

□ 0 

BCCH modification period (n+ 1) 

Figu re 5.2.1 .3-1 : Change of system Information 

The Paging message is used to inform UEs in RRC _ IDLE and UEs in RRC _ CONNECTED about a system information 
change. If the UE receives a Paging message including the systemlnfoModification, it knows that the system 
information will change at the next modification period boundary. Although the UE may be informed about changes in 
system information, no further details are provided e.g. regarding which system information will change. 

SystemlnformationBlockTypel includes a value tag, systemlnfo ValueTag, that indicates if a change has occurred in the 
SI messages. UEs may use systemlnfo Value Tag, e.g. upon return from out of coverage, to verify if the previously stored 
SI messages are still valid. Additionally, the UE considers stored system information to be invalid after 3 hours from the 
moment it was successfully confirmed as valid, unless specified otherwise. 

E-UTRAN may not update systemlnfo ValueTag upon change of some system information e.g. ETWS information, 
CMAS information, regularly changing parameters like CDMA2000 system time (see 6.3). Similarly, E-UTRAN may 
not include the systemlnfoModification within the Paging message upon change of some system information. 

The UE verifies that stored system information remains valid by either checking systemlnfoValueTag in 
SystemlnformationBlockTypel after the modification period boundary, or attempting to :find the systemlnfoModification 
indication at least modificationPeriodCoefftimes during the modification period in case no paging is received, in every 
modification period If no paging message is received by the UE during a modification period, the UE may assume that 
no change of system information will occur at the next modification period boundary. IfUE in RRC_CONNECTED, 
during a modification period, receives one paging message, it may deduce from the presence/ absence of 
systemlnfoModification whether a change of system information other than ETWS information will occur in the next 
modification period or not. 
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ETWS and/or CMAS capable UEs in RRC _ CONNECTED shall attempt to read paging at least once every 
defaultPagingCycle to check whether ETWS and/or CMAS notification is present or not. 
5.2.2 

5.2.2 . 1  

System information acquisition 

General 

UE 

MasterlnformationBlock 

SystemlnformationBlockTypel 

Systemlnformation 

E-UTRAN 

Figure 5.2.2.1 -1 : System information acquisition, normal 

The UE applies the system information acquisition procedure to acquire the AS- and NAS- system information that is broadcasted by the E-UTRAN. The procedure applies to UEs in RRC_IDLE and UEs in RRC_CONNECTED. 
5.2.2.2 I nitiation 

The UE shall apply the system information acquisition procedure upon selecting ( e.g. upon power on) and upon re­selecting a cell, after handover completion, after entering E-UTRA from another RAT, upon return from out of coverage, upon receiving a notification that the system information has changed, upon receiving an indication about the presence of an ETWS notification, upon receiving an indication about the presence of a CMAS notification, upon receiving a request from CDMA2000 upper layers and upon exceeding the maximum validity duration. Unless explicitly stated otherwise in the procedural specification, the system information acquisition procedure overwrites any stored system information, i.e. delta configuration is not applicable for system information and the UE discontinues using a field if it is absent in system information unless explicitly specified otherwise. 
5.2.2.3 System information required by the UE 

The UE shall: 
l >  ensure having a valid version, as defined below, of (at least) the following system information, also referred to as the 'required' system information: 

2> if in RRC_IDLE: 
3> the MasterlnformationB!ock and SystemlnformationB!ockTypel as well as SystemlnformationB!ockType2 through SystemlnformationBlockType8, depending on support of the concerned RATs; 

2> if in RRC _ CONNECTED: 
3> the MasterlnformationBlock, SystemlnformationBlockTypel and SystemlnformationBlockType2 as well as 

SystemlnformationBlockType8, depending on support of CDMA2000; 
I> delete any stored system information after 3 hours from the moment it was confirmed to be valid as defined in 5 .2. 1 .3 ,  unless specified otherwise; 
1> consider any stored system information except SystemlnformationB!ockTypel O and 

SystemlnformationB!ockTypel I to be invalid if systeminfo ValueTag included in the 
SystemlnformationB!ockTypel is different from the one of the stored system information; 

5.2.2.4 System information acquisition by the UE 

The UE shall: 
I> apply the specified BCCH configuration defined in 9. 1 . 1 . 1 ;  
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l> if the procedure is triggered by a system information change notification: 
2> start acquiring the required system information, as defined in 5 .2.2.3 , from the beginning of the modification period following the one in which the change notification was received; 

NOTE 1 :  The UE continues using the previously received system information until the new system information has been acquired. 
l >  if the UE is in RRC_IDLE and enters a cell for which the UE does not have stored a valid version of the system information required in RRC_IDLE, as defined in 5.2.2.3 : 

2> acquire, using the system information acquisition procedure as defined in 5.2.3, the system information required in RRC_IDLE, as defined in 5.2.2.3; 
l> following successful handover completion to a cell for which the UE does not have stored a valid version of the system information required in RRC _ CONNECTED, as defined in 5 .2.2.3 : 

2> acquire, using the system information acquisition procedure as defined in 5 .2.3, the system information required in RRC_CONNECTED, as defined in 5 .2.2.3 ; 
2> upon acquiring the concerned system information: 

3> discard the corresponding radio resource configuration information included in the 
radioResourceConfigCommon previously received in a dedicated message, if any; 

l >  following a request from CDMA2000 upper layers: 
2> acquire SystemlriformationBlockType8, as defined in 5.2.3; 

l>  neither initiate the RRC connection establishment procedure nor initiate transmission of the 
RRCConnectionReestablishmentRequest message until the UE has a valid version of the 
MasterlriformationBlock and SystemlnformationBlockTypel messages as well as SystemlriformationBlockTypel ; 

l >  if the UE is ETWS capable: 
2> upon entering a cell during RRC_IDLE, following successful handover or upon connection re-establishment: 

3> discard any previously buffered warningMessageSegment; 

3> clear, if any, the current values of messageldentifier and seria/Number for 
SystemlriformationBlockTypel 1 ;  

2> when the UE acquires SystemlnformationBlockTypel following ETWS indication, upon entering a cell during RRC _ IDLE, following successful handover or upon connection re-establishment: 
3> if schedulinglnfoList indicates that SystemlnformationBlockTypel O is present: 

4> start acquiring SystemlriformationBlockTypel O immediately; 
3> if schedulinglrifoList indicates that SystemlnformationBlockTypel 1 is present: 

4> start acquiring SystemlnformationBlockTypel 1 immediately; 
NOTE 2: UEs shall start acquiring SystemlriformationBlockTypeJO and SystemlriformationBlockTypel 1 as described above even when systemlrifo ValueTag in SystemlriformationBlockTypel has not changed. 
1>  if the UE is CMAS capable: 

2> upon entering a cell during RRC _ IDLE, following successful handover or upon connection re-establishment: 
3> discard any previously buffered warningMessageSegment; 

3> clear, if any, stored values of messageldentifier and serialNumber for SystemlriformationBlockTypel 2 associated with the discarded warningMessageSegment ; 
2> when the UE acquires SystemlnformationBlockTypel following CMAS indication, upon entering a cell during RRC_IDLE, following successful handover and upon connection re-establishment: 
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3> if schedulinglrifoList indicates that SystemlnformationBlockTypel 2 is present: 
4> aquire SystemlnformationBlockTypel2; 

NOTE 3: UEs shall start acquiring SystemlnformationBlockType12 as described above even when 
systemlnfoValueTag in SystemlriformationBlockTypel has not changed. 

UT09-1 365 

The UE may apply the received SIBs immediately, i.e. the UE does not need to delay using a SIB until all SI messages have been received. The UE may delay applying the received SIBs until completing lower layer procedures associated with a received or a UE originated RRC message, e.g. an ongoing random access procedure. 
NOTE 4: While attempting to acquire a particular SIB, if the UE detects from schedulinglrifoList that it is no longer present, the UE should stop trying to acquire the particular SIB. 

5.3 .2 

5 .3.2 . 1  

Paging 

General 

UE 

Paging 

The purpose of this procedure is: 
Figure 5.3.2. 1 -1 :  Paging 

- to transmit paging information to a UE in RRC _ IDLE and/ or; 

EUTRAN 

- to inform UEs in RRC _ IDLE and UEs in RRC _ CONNECTED about a system information change and/ or; 
- to inform about an ETWS primary notification and/ or ETWS secondary notification and/ or; 
- to inform about a CMAS notification. 

The paging information is provided to upper layers, which in response may initiate RRC connection establishment, e.g. to receive an incoming call. 
5.3.2.2 I n itiation 

E-UTRAN initiates the paging procedure by transmitting the Paging message at the UE's paging occasion as specified in TS 36.304 [4]. E-UTRAN may address multiple UEs ·within a Paging message by including one PagingRecord for each UE. E-UTRAN may also indicate a change of system information, and/ or provide an ETWS notification or a CMAS notification in the Paging message. 
5.3.2.3 Reception of the Paging message by the UE 

Upon receiving the Paging message, the UE shall: 
l>  if in RRC _ IDLE, for each of the PagingRecord, if any, included in the Paging message: 

2> if the ue-Identity included in the PagingRecord matches one of the UE identities allocated by upper layers: 
3> forward the ue-Identity and the en-Domain to the upper layers; 

l >  if the systemlnfoModification is included: 
2> re-acquire the required system information using the system information acquisition procedure as specified in 5 .2 .2. 

l> if the etws-Indication is included and the UE is ETWS capable: 
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2> re-acquire SystemlnformationBlockTypel immediately, i.e., without waiting until the next system information modification period boundary; 
2> if the schedulinglnfoList indicates that SystemlnformationBlockTypel O is present: 

3> acquire SystemlnformationB/ockTypel O; 

2> if the schedulinglnfoList indicates that SystemlnformationBlockTypel I is present: 
3> acquire SystemlnformationBlockTypel I; 

1> if the cmas-Indication is included and the UE is CMAS capable: 
2> re-acquire SystemlnformationB/ockTypel immediately, i.e., without waiting until the next system information modification period boundary as specified in 5 .2. 1 .5 ;  
2> if the schedulinglnfoList indicates that SystemlnformationBlockTypel 2 is  present: 

3> acquire SystemlnformationBlockType 12; 

Paging 

The Paging message is used for the notification of one or more UEs. 
Signalling radio bearer: NI A 
RLC-SAP: TM 
Logical channel :  PCCH 
Direction: E-UTRAN to UE 

Paging message 
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i Paging field descriptions 
en-Domain 
Indicates the origi!!.c:>.fl?!=l9ir:i_g. 
ue-ldentity 
Provides the NAS identity of the UE that is beina p9_ ged. 
system/nfoModification 
If present: indication of a BCCH modification other than SIB10 ,  SIB1 1 and S IB12 .  
etws-lndication 
If present: indication of an ETWS primary notification and/ or ETWS secondary notification. 
cmas-lndication 
If present: indication of a CMAS notification. 
imsi 
The International Mobile Subscriber Identity, a globally unique permanent subscriber identity, see TS 23.003 [27]. The 
first element contains the first IMSI digit, the second element contains the second IMSI d igit and so on. 

SystemlnformationB/ockType 1 

SystemlnformationBlockTypel contains information relevant when evaluating if a UE is allowed to access a cell and 
defines the scheduling of other system information. 

Signalling radio bearer: NI A 

RLC-SAP: TM 

Logical channel: BCCH 

Direction: E-UTRAN to UE 

SystemlnformationB/ockType1 message 

$'.pi;µ.ng!n 
JI: ii U it �i��i;� J:i i-, 
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SystemlnformationB/ockType1 field descriptions 
plmn-ldentityList 
List of PLMN identities. The first l isted PLMN-ldentity is the primary PLMN .  
cel/ReservedForOperatorUse 
As defined in  TS 36.304 [4]. 
trackingAreaCode 
A trackingAreaCode that is common for al l  the PLMNs l isted. 
eel/Barred 
'barred' means the cell is barred, as defined in TS 36.304 [�1-
intraFreqReselection 
Used to control cell reselection to intra-frequency cells when the highest ranked cell is barred , or treated as barred by 
the UE, as specified in TS 36.304 [4]. 
csg-lndication 
If set to TRUE the UE is only allowed to access the cell if the CSG identity matches an entry in the allowed CSG list 
that the UE has stored. 
q-RxLevMinOffset 
Parameter Orx1evminoffset in 36.304 [4J. Actual value Orx1evminoffset = I E  value * 2 [dB]. If absent, apply the (default} value of 
0 [dB] for Orx1evrninoffset- Affects the minimum required Rx level in the cell. 
p-Max 
Value aoolicable for the cel l .  
freqBandlndicator 
Defined in TS 36.10 1  [42 ,  table 5.5-1 J. 
si-Periodicity 
Periodicity of the S I-message in rad io frames, such that rf8 denotes 8 radio frames, rf1 6 denotes 1 6  radio frames, and 
so on. 
sib-Mappinglnfo 
List of the S IBs mapped to this System/nformation message.There is no mapping information of S IB2; it is a lways 
present in the first S't_stemlnformation message listed in the scheduling_lnfoUst list. 
si-WindowLength 
Common SI  scheduling window for al l  Sis. Unit in mill iseconds, where ms1 denotes 1 mill isecond, ms2 denotes 2 
mil liseconds and so on. 
systemlnfo Value Tag 
Common for al l  S IBs other than MIB,  S IB 1 , S IB 1 0  and S IB1 1 .  
csg-ldentity 
Identity of the Closed Subscriber Group within the primary PLMN the cell belonQs to. The IE is present in a CSG cell . 
imsEmergencySupportlndicator 
I ndicates whether the cell supports IMS emergency bearer services for U Es in limited service mode. If absent, IMS 
El'!I_El�genci'. call is not supported by the network in the cell for UEs in  l imited service mode. 
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Conditional presence Ex lanation 
TDD This field is mandatory present for TDD; it is not present for FOO and the UE shall delete 

I any existing value for this field. 

3.2 Abbreviations 

For the purposes of the present document, the abbreviations given in TR 2 1 .905 [1 ]  and the following apply. An abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in TR 21 .905 [ 1 ] .  
l xRTT AM ASN. l ARQ AS BCCH BCH CCCH 
cco CMAS CP C-RNTI CSG DCCH DRB DRX DTCH DL DL-SCH ETWS E-UTRA E-UTRAN ENB EPC EPS FDD FFS GERAN GSM HARQ HRPD 
IE IMEI IMSI kB 
Ll  L2 L3 MAC MBMS MBSFN MIB 
NIA NACC NAS PCCH PDU PDCP PLMN QoS RACH RAT 

CDMA2000 l x  Radio Transmission Technology Acknowledged Mode Abstract Syntax Notation. I Automatic Repeat Request Access Stratum Broadcast Control Channel Broadcast Channel Common Control Channel Cell Change Order Commercial Mobile Alert Service Control Plane Cell RNTI Closed Subscriber Group Dedicated Control Channel (user) Data Radio Bearer Discontinuous Reception Dedicated Traffic Channel Downlink Downlink Shared Channel Earthquake and Tsunami Warning System Evolved Universal Terrestrial Radio Access Evolved Universal Terrestrial Radio Access Network Evolved Node B Enhanced Packet Core Enhanced Packet System Frequency Division Duplex For Further Study GSM/EDGE Radio Access Network Global System for Mobile Communications Hybrid Automatic Repeat Request CDMA2000 High Rate Packet Data Information element International Mobile Equipment Identity International Mobile Subscriber Identity Kilobyte ( 1000 bytes) Layer 1 Layer 2 Layer 3 Medium Access Control Multimedia Broadcast Multicast Service Multimedia Broadcast multicast service Single Frequency Network Master Information Block Not Applicable Network Assisted Cell Change Non Access Stratum Paging Control Channel Protocol Data Unit Packet Data Convergence Protocol Public Land Mobile Network Quality of Service Random Access CHannel Radio Access Technology 
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RB 
RLC 
RNTI 
RRC 
RSCP 
RSRP 
RSSI 
SAE 
SAP 
SFN 
SI 
SIB 
SI-RNTI 
SPS 
SRB 
S-TMSI 
TA 
TDD 
TM 
TPC-RNTI 
UE 
UICC 
UL 
UM 
UL-SCH 
UP 
UTRAN 

Radio Bearer 
Radio Link Control 
Radio Network Temporary Identifier 
Radio Resource Control 
Received Signal Code Power 
Reference Signal Received Power 
Received Signal Strength Indicator 
System Architecture Evolution 
Service Access Point 
System Frame Number 
System Information 
System Information Block 
System Information RNTI 
Semi-Persistent Scheduling 
Signalling Radio Bearer 
SAE Temporary Mobile Station Identifier 
Tracking Area 
Time Division Duplex 
Transparent Mode 
Transmit Power Control RNTI 
User Equipment 
Universal Integrated Circuit Card 
Uplink 
Unacknowledged Mode 
Uplink Shared Channel 
User Plane 
Universal Terrestrial Radio Access Network 

Annex B :  Prior Art :  Carrier  Aggregation 

UT09-1 365 

LTE-Advanced extends LTE Rel.-8 with support for Carrier Aggregation, where two or more component carriers 
(CCs) are aggregated in order to support wider transmission bandwidths up to 100MHz and for spectrum aggregation. 

It shall be possible to configure all component carriers which are LTE Rel-8 compatible, at least when the aggregated 
numbers of component carriers in the UL and the DL are same. Not all component carriers may necessarily be LTE Rel-
8 compatible. 

A terminal may simultaneously receive or transmit one or multiple component carriers depending on its capabilities:  

An LTE-Advanced terminal with reception and/or transmission capabilities for carrier aggregation can 
simultaneously receive and/or transmit on multiple component carriers.- An LTE Rel-8 terminal can receive 
and transmit on a single component carrier only, provided that the structure of the component carrier follows the 
Rel-8 specifications. 

Carrier aggregation is supported for both contiguous and non-contiguous component carriers with each component 
carrier limited to a maximum of 110 Resource Blocks in the frequency domain using the LTE Rel-8 numerology 

It is possible to configure a UE to aggregate a different number of component carriers originating from the same eNB 
and of possibly different bandwidths in the UL and the DL. In typical TDD deployments, the number of component 
carriers and the bandwidth of each component carrier in UL and DL will be the same. 

Component carriers originating from the same eNB need not to provide the same coverage. 

5.2 

5 .2 . 1  

User P lane 

Structure 

Compared to the Layer 2 structure of L TE Rel-8 , the multi-carrier nature of the physical layer is only exposed to the 
MAC layer for which one HARQ entity is required per CC. The Layer 2 structure for the downlink is depicted on 
Figured 5.2.1-1 below. 
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M ultiplexing UE1 Multiplexing UE. 

Transport Channels 

Figure 5.2.1 -1 : Layer 2 Structure for the DL 

The Layer 2 structure for the uplink is depicted on Figured 5 .2 . 1-2 below. 

5.2.2 MAC 

-- ----- Radio Bearers 

ROHC 
PDCP -<j 

(----�-------�-­
RLC -

:
_ 

/�------- ------------- Logical Channels 

Scheduling / Priority Handling 

MAC Multiplexing 

Transport Channels 

Figure 5.2.1 -2 :  Layer 2 Structure for the UL 

UT09-1365 

From a UE perspective, the Layer 2 aspects ofHARQ are kept Rel-8 compliant unless modifications provide significant gains. There is one transport block (in absence of spatial multiplexing, up to two transport blocks in case of spatial 
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multiplexing) and one independent hybrid-ARQ entity per scheduled component carrier. Each transport block is mapped to a single component carrier only where all possible HARQ retransmissions also take place. A UE may be scheduled over multiple component carriers simultaneously but at most one random access procedure shall be ongoing at any time. 
5.2.3 RLC 

Apart from a potential issue with the RLC SN size, the RLC protocol ofLTE Rel-8 also applies to carrier aggregation. 
5.2.4 PDCP 

The PDCP protocol of LTE Rel-8 also applies to  carrier aggregation. 
5 .3  

5 .3 . 1  

Control Plane 

Structure 

The C-Plane architecture of LTE Rel-8 also applies to carrier aggregation. 
5.3.2 RRC procedures 

After RRC connection establishment, the configuration and/or activation of additional component carriers is performed by dedicated signaling. At intra-LTE handover, multiple CCs can be included in the "handover command" for usage in the target cell. 
5.3 .3 Id le mode procedures 

Idle mode mobility procedures ofLTE Rel-8 also apply in a network deploying carrier aggregation. It should be possible for a network to configure only a subset of CCs for idle mode camping. 

4 
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Title: The best cel l  select ion m ethod for read ing and reporti ng  

system information 

1 .  Abstract 

A U E  can read system information of the ta rget CSG or  Hybrid and then report it to the netwo rk 

prior to perform handover. In this case, the UE  has to choose on ly one (best cel l) target CSG o r  

Hybrid cel ls  to read and report system information. Since there is no detai led procedu re for 

selecting the best CSG or Hybrid cel l for reading and reporting system information, the U E  may 

choose one among detected CSG or Hybrid cel ls with best effort manner or comparison manner 

based on radio qua l ity. However, the current best cel l  selection does not consider the Probabi l ity 

of CSG/Hybrid cel l handover success. Therefore, we present the best ce l l  selection method for 

reading and reporting system information  considering handover success. 

2 .  Background 

2.1 Inbound Mobility 

If a U E  detects CSG or  Hybrid cel ls which satisfies inbound mobi l ity conditions (e.g. fi ngerpri nt 

match), the U E  may read target system information during DRX. If it is possible, the U E  incl udes 

system information in the measurement report message. If reading system information during 

DRX is not possib le, the UE  sends the measu rement report message without system information, 

but inc ludes a " l ike ly or non-l ikely" bit which is based on the target's membership history. For 

examp le, if the target ce l l  is the previously visited cel l ,  the  U E  shou ld have the resu lt of 

pre l iminary access check. If the resu lt was fa i lure of Handover since the target was non-member 

cel l ,  the target wou ld  be marked as "non-l ike ly:' After reception of the measu rement report 

message without system information, the network may order the U E  to read system information. 

As soon as the UE receives the system information reading command, starts to read system 

information, and then sends second measurement report message with acquired system 

information to the network. 

2.2 Current cell selection for reading and reporting target system information 

Currently, a U E  can detect more than one  CSG or Hybrid cel l  which satisfies inbound mobi l ity 

conditions, but the U E  can report only one target CSG or Hyb rid cel l 's system information to the 

network. Therefore, the best target CSG or Hybrid cel l  to read and report system information is 

decided by a random procedu re (best effort) or  rad io qua l ity based p rocedu re. 
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The deta i l s  of the a bove p rocedu re are described as fol lows. 

N Number of CSG/Hybrid 
cells are detected and 

m easurement starts 

Select a cell among al l 
detected CSG/Hybrid cel ls 

based on satisfy some 
conditions (e . g .  radio quality) 

or best effort 

Report SI from the selected 
cel l  

End of process 

3 Problem of current art 

3.1 Problem of current method 

UT09-1 365 

The whole pu rpose of reading target system info rmation for i n bound mobi l ity prior to receivin g  
netwo rk reading system info rmation command (i.e. reading target system i nformation d u ring DRX), 
is reducing i n bound mobi l ity de lay. If the U E  ca n acquire system information d u ring DRX, the U E  
does not h ave to use a gap  to read system information of the ta rget cel l .  H owever, this advantage 

i s  mean ingfu l o n ly i f  the handover is successfu l. Even i f  the  UE acqu i res syste m  information of  the 
target cel l ,  the target may not be the member cel l .  Therefore, the UE cannot perform handover 
successfu l ly. The current best cel l  selection from detected CSG or Hybrid cel ls  for reading and 

sending system information overlooks handover success aspect, so the new best cel l  selectio n  
method which increases t h e  handover success rate i s  needed. 

4. I nvention 

4.1 Invention General 

In the proposed scheme, the U E detects CSG or Hybrid target cel ls a nd then it has to choose the 
b est ce l l  based on " l ike ly/no n- l ike ly" information. " l ike ly/non- l ike ly" information is based on U E's 

h istory info rmation, so if the U E  choose only "l ike ly" cel l  to read system info rmation a nd then 
report it to the network, the handove r success rate should be high comparing to reading syste m 

info rmation of "non- l ike ly" cel l .  If there is no l ike ly  cel l a mong detected cel ls, the best cel l may be 

selected from the non-l ike ly targ et cel ls. 

The second way is us ing membe rsh ip informatio n  acquired fro m system info rmation.  " l i kely/non­
l ikely" information may not entire ly be trusted, so the UE read system information of target 
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CSG/Hybrid with the best effort manner. If there a re more tha n one  ce l ls  has system info rmation,  
choose one that is the member ce l l .  

4.2 Invention Details 
The deta i l  of proposed scheme is described as below flow chart: 

N Num ber of CSG/Hybrid 
cells are d etected and 

m easurement starts 

>--------;"Q 

YES 

Select a cell am ong "l ikely cell (s ) "  or 
m em ber cel l based on some 

conditions ( e. g .  radio quality) or 
best effort 

Select a cell among al l detected 
CSG/Hybrid cells based on som e  
cond it ions (e. g .  rad io  quality) o r  

best effort 

Rerport S I from the selected cell 14------Alt1  

End o f  process ----- -Alt2 

To facil itate the description of invention, term inology defin it ion is first suggested: 
CSG cel l 
■ It is defined in [lJ. 

Hybrid cel l  
■ It i s  defined i n  [2]. 

Member CSG/Hybrid cel l  
■ Member CSG/Hybrid ce l l  i s  that the target cel l 's CSG -id i s  i n  UE's a l l owed CSG l ist 

Non Member CSG/Hyb rid cel l  
■ Non Member CSG/Hybrid cel l  is that the target cel l 's CSG -id is not i n  U E's a l lowed 

CSG l ist 
Likely b it 
■ Like ly b it is set for the target CSG o r  Hybrid ce l ls which the U E  a l ready visited the 

target cel ls and the UE was a member of the targ et cel l s .  
Non-Likely b it 
■ Non-Likely b it is set for the target CSG or Hybrid ce l ls  which the U E  a l ready visited 

the target cel ls  and the U E  was a non member of the targ et cel l s .  
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The detai ls  of pro posed scheme a re described as fo l lows: 
UE aspect-likely/non-likely 

If a U E  detects a CSG or H ybrid target cel ls  which satisfy h andover cond itions (e.g .  

matching fingerprint). 
■ If the target ce l l (s) is(are) " l ikely" ce l ls 

■ If there is more than one " l ikely" ce l l s  
• Select the best radio q ua l ity ce l l  as the best cel l  a mong l ikely cel ls; or 
• Select one a rbitrari ly as the b est cel l  a mong l ikely ce l ls (best effort). 

■ E lse (If there is on ly one " l ikely ce l l ") 
• Select the l ikely cel l  as the best ce l l .  

■ Else (If there is no " l ikely" cel l  among d etected CSG/Hybrid ce l ls) 
■ Select the best radio qua l ity cel l  as the best cel l  among non-l ike ly cel ls; or  
■ Select one a rbitra ri ly as  the best cel l  a mong non- l ikely cel ls (best effort); or 
■ Do not include system information of the target CSG/Hybrid cel ls (end of 

process). 
■ Read system information of the best ta rg et cel l  and send the information in the  

measurement report message; or  
■ Send the i nformation of the best ta rget cel l  in the measurement report messag e  (we 

may assume that the read ing system informatio n is a l ready done when the U E  starts 
to measure the target cel l) .  

UE aspect-member/non-member 
If a UE d etects a CSG or  Hybrid target ce l ls  which satisfy ha ndover conditio ns (e.g.  

matching fingerprint). 
■ If the target ce l l (s) is(are) member which system information a re a l ready acquired. 

■ If there is more tha n  one member cel l s  
• Select the best radio qua l ity cel l  as the b est cel l among member cells; or  
• Select one a rbit rari ly  as the best ce l l  a mong mem ber ce l ls  (best effort). 

■ E lse (If there is o n ly o ne member ce l l) 
• Select the member cel l  as the best ce l l .  

■ E lse (If there is no member cel l  among detected CSG/Hybrid ce l ls) 
■ Select the best radio q ua l ity cel l  as the best cel l  among non-member cel ls; or 
■ Select one a rbitra ri ly as  the best cel l among non-member cel l s  (best effort); o r  
■ D o  not include system i nformation of the target CSG/Hybrid ce l ls  {end of 

process). 
■ Send the information of the b est target cel l  in the measure ment report message.  
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Title: Handl ing of unsuccessful SI read ing 

1 .  Introduction 

For inbound mobi l ity to be triggered, NW shou ld get the requ i red information for HO preparation .  

For this pu rpose, NW can let  UE  to in itiate SI  acqu isition. Currently i t  is FFS what i f  U E  fa i ls  to  read SI  

acqu isition. 

2 .  Discussion 

2.1 Current status and remaining issue 

Rega rding SI acqu isition on  request by NW, we agreed the fol lowing du ring RAN2 #67bis: 

we wi l l specify a t imer to l imit the maximum d u ration for SI acqu isition (LTE + UMTS) 

It is FFS what U E  should do if the timer expires, i.e., U E  has fa i led to acqui re SI. This document a ims 

at  resolving the FFS by suggesting possib le candidates for UE behaviors. 

2.2 UE actions at the fai lure of SI acquisition 

For the case of U E  that has fai led to read system information from the concerned cel l, we can 

consider the fol lowing UE behaviors: 

Alt.1: UE sends MR including nul l  SI to NW 
■ From the lack of SI i n  the reported MR, NW detects t hat U E  fai led SI acqu isition. 

■ If SI reading fai l u re is infrequent, this a pproach is acceptab le  

■ Typ ical ly it is expected that NW wou ld not issue H O  command i n  response to the MR 

includ i ng nu l l  SI, since eN B has  not o bta ined information for triggering H O. As  a resu lt, 

HO wou ld not be triggered. 

Alt.2: UE does not send measurement. 
■ Radio resource can be saved. The saving is however meaningful only if SI reading fai l u re 

is not infrequent. 

■ From the absence of reporting, NW should be ab le  to detect that U E  fa i led SI 

acqu isition 

• Typica l ly it is expected that NW wou ld  not issue H O  command i n  response to the M R  

inc luding n u l l  SI, since eN B has not o btained info rmation for triggering H O. As a resu lt, 

HO wou ld not be t riggered. (Same as Alt.l) 

Alt.3: UE sends MR incl uding stored SI, if available, to NW. 
• The stored SI means the SI that was obtained and stored from the previous  visit of the 

concerned cel l .  

• If the stored SI not ava i lab le  for the concerned cel l, U E  sends M R  including nu l l  SI to 

NW as it does i n  Altl. 
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■ From the U E  side, U E  may not ensure that the stored system information is 100% val id .  
From the NW perspective, NW sho u ld b e  a b le to know whether the incl uded SI  is a 
version of e ither actua l ly read SI or stored SI at previous visit. To assist N W  to be awa re 
of this, it is sufficient for U E  to i nc lude ' l i ke ly/non- l ikely' i ndication in the M R  i nstead of 
'member/non-member'  indication. 

■ Depending o n  ' l ikely/non- l ike ly' indication in  the M R, NW cou ld decide whether it issues 

HO command or not. (Different from Alt.1 and Alt.2) 
■ For some targ et CSG cel l, the required time to read 

Among the three o ptions, alt.3 seems to have advantages over others from the fo l lowing reasons: 

M ostly HO wou ld  b e  successfu l in  case the ta rget cel l  is what UE has previously visited. 
U E  is hig h ly l ikely to have va l id system i nformatio n of the target ce l l  which UE a l ready visited 
before. 
No performance degradatio n  in HO expected compa red to Altl and Alt2. 

S ince NW can receive req u ired SI  for suitab le HO p repa ration, HO cou ld  be triggered even in 
case UE has fa i led to read SI due to e.g ., insufficient time to read SI. 

Proposal 1 If U E  fai ls  to read SI within g iven time d u ration, U E  sends MR inc luding stored SI, if 
avai lab le, to NW. 

Proposal 2 When U E  sends M R  inc luding stored SI to NW, it includes ' l ikely/non- l ike ly' indication 
instead of 'member/non-mem ber' indication 

3 .  Conclusion 

We su mmary o u r  pro posa l s  regard ing U E  behaviors a t  the fa i lure of S I  reading: 

Proposal 1 If U E  fa i ls to read SI within g iven time d u ration, U E  sends M R  incl uding stored SI, if 

avai lab le, to NW. 
Proposal 2 When U E  sends M R  inc luding stored SI to NW, it inc ludes ' l ike ly/non- l ike ly' indication 

instead of 'member/non - member' ind ication 
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Title: On applying inbo u nd HO-support ind icat ion  

1. Introduction 

It was p reviously agreed that N W  can control inbound H O  sup port. This i s  cu rrently implemented by 
introducing an  i nd icator 'in bound HO-support'[l] which ca n be included in e.g., 

RRCConnectionReconfig u ration. In this document we try to clarify what the sco pe of the indication 

shou ld be. 

2.  Discuss ion 

2.1 Different results of inbound HO-support set to 'non-support' 

If U E  was configu red that inboundHO-support is set to 'non-support' 
Case 1: Inter-frequency case with no previously configu red measConfig at U E: 

■ No proximity indication sent -+ N o  measurement performed o n  the concerned freq -+ 
N o  non-SI M R  sent -+ No inter-f HO occurs 

Case 2: Inter-frequency case with previously configured m easConfig at U E: 
■ N o  proximity indication sent -+ M easu rement performed on the concerned freq -+ 

Non-SI M R  sent if triggered -+ ... -+ Inter-frequency HO can occu r 
Case 3 :  Intra-frequency case: 

■ N o  proxim ity ind ication sent (N/A) -+ Measurement performed o n  the serving freq -+ 
Non -SI M R  se nt if triggered -+ ... -+ Intra-frequency HO can occur 

It  is  observed that with the co mmon configu ratio n of inbound HO-su p port set to 'non-su pport', 

inbound H O  can or  cannot occur d epending o n  whether  the HO is dee med for i nter-frequency or 
intra-frequ e ncy or  whether the UE has measConfig for the concerned freq uency. We a re not sure if it 
would be good to have d ifferent UE behaviors for each case. This issue can be viewed at different 

ang le  by asking the fol lowing question: 

Question: What is the scope of the inbound HO-support indication? 

2.2 Scope of inbound HO-support 

Regarding this sco pe of the indicator, t here seems to be three possib le a pproaches: 

Altl. Inbound HO-su p po rt indication is app l ied only for case 1 

■ No change req u i red in U E  function a lity. 
■ The ind ication is on ly u sed to suppress p roximity indication. 
■ N eed to clarify its scope of the indication 
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Alt2. InboundHO-support indication sha l l  be app l ied for inter-frequency cases, i.e., case 1 

and case 2 

• N on-SI M R  should not be triggered if the inbound HO-support is configured as 'non­

support' . 

• No inter-frequency HO  occurs if the indication is set to 'non-support' 

• Need to clarify its scope of the indication 

Alt3. InboundHO-support ind ication sha l l  be appl ied for every case, i.e., both for intra/inter­

frequency cases, i nc luding easel, 2 and 3 .  

• Non-SI M R  should not be triggered if the i nboundHO-support is configured as 'non­

support' 

• 

• 
No intra-frequency HO  occu rs if the indication is set to 'non-support' 

No inter-frequency HO occurs if the ind ication is set to 'non-support' 

If NW on ly wants to suppress proxim ity indication from UE whi le it a l lows inbound HO which does 

involve transmission of proximity indication, then Altl should be adopted. 

On the other hand, alternative 3 seems to be the most in l ine with the name ' inboundHO-support' 

itself. U n less NW wants to contro l the inboundHO-support for each case independently, a lternative 3 

cou ld be adopted. 

3.  Conc l us ion 

I n  this document, we ask what the scope of inboundHO-support is . Regarding this question, fo l lowing 

a l ternatives a re suggested: 

Case definition: 

Case 1: Inter-frequency case with no previously configured measConfig at U E: 

Case 2: Inter-frequency case with previous ly configured measConfig at UE: 

Case 3: Intra-frequency case: 

Alternatives: 

Altl. InboundHO-support indication is app l ied on ly for case 1 

Alt2. InboundHO-support indication sha l l  be app l ied for inter-frequency cases, i.e., case 1 

and case 2 

Alt3. InboundHO-support ind ication sha l l  be app l ied for every case, i.e., both for intra/inter­

frequency cases, includ ing  easel, 2 and 3 .  

Note that 'app l ied' would mean that any signa l ing from U E  to  fac i l itate inbound HO  can be 

suppressed by the indication 
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Proposal 1: RAN2 is kind ly requested to discuss what the scope of inboundH O-support is. 
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Title:  Radio Link Fai lure considering carrier aggregation 

1 . Introduction 

This document aims at establ ishing fu rther  requirements and c larification for detection criterio n  of 

radio l ink fa i lure with consideration of carrier aggregation. 

2 .  Discussion 

2.1 Current agreement 

During RAN2 #67bis, fo l lowing agreements were made: 

Radio down l i nk  fa i lure 

A. Prob lem detection on o ne CC does not necessari ly imply re-estab l ishment t riggering 

B. Re-establ ishment is triggered if al l PDCCH CCs fai l  

C .  FFS i f  re-estab l ishment i s  even triggered under more restrictive conditions (e.g. i n  case of  

problems on an  even smal ler subset of  CC's). 

Radio upl i nk  fa i l u re 

D. Re-estab l ishment is triggered when we lose a l l  U L  communication  

E. RLC layer re-estab l ishment triggering remains the same as  Rel -8. 

2.2 Remaining issues for d ownlink failure d etection 

Question 1: What if not all PDCCH CCs are concerned for PDCCH monitoring? 

Regarding the agreement B, we note that it is possible that U E  monitors PDCCH of part of CCs having  

PDCCH. For  example, UE  i s  configured with three CCs and a l l  three CCs have PDCCH.  I f  U E  i s  

configured to monitor PDCCH of on ly a single CC, then the  fai l u re of  the CC should trigger re­

establ is hment. This observation requ ires sma l l  c larification of the agreement B as fo l lows: 

Proposal 1: Re-establish ment is triggered if all CCs including PDCC H  �aijih!J�ll��';s>rnit��1ff§ fail 

Next question is related to the 'more restrictive conditions' which is captured in agreement C. 

Question 2: Should UE declare RLF if a security CC (having provided EARFCN for security) fails? 

There wou ld  be a 'security CC which provides EARFCN used for secu rity derivation.  Based o n  the 

EARFCN, security i n  PDCP is establ ished, and the PDCP is shared by several CCs. From the attribute of 

the sou rce of security parameter, we may think that the specia l CC shou ld be g iven a specia l status 

than other CCs, e.g ., by arguing that the fa i lu re of security CC should a lways trigger re-establ ishment. 

From the PDCP perspective, however, once security is estab lished, every CC that is connected to the 
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PDCP is considered to be possib le transmission path, each having the same importance. If fa i lure of 
security CC is just a loss of one transmission path, and thus this wou ld  not a lways abrupt whole 
down l ink transmissions, then it  is c lear that the fa i l u re of secu rity CC is not necessary condition to 
declare RLF. So we propose that: 

Proposal 2: Re-establishment is not triggered if a security CC which UE is monitoring fails while 

there is at least one alive CC including PDCC H  which UE is monitoring 

Question 3: Is any other restrictive condition required to declare RLF? 

If proposal 2 is ag reeable, then it wou ld  be natura l to accept that u n l ess there is no a l ive PDCCH CC 
which U E  is monitoring, the fa i l u re of a ny CC shou ld  not lead to RLF d eclaration.  So we pro pose th at: 

Proposal 3: Re-establishment is not triggered if a non-security-CC fails while there is at least one 
alive CC including PDCCH which UE is monitoring 

It should be noted that, if proposal 1, 2 and 3 a re a l l  agreed, then the fa i l u re of a l l  CCs incl u ding 
P DCCG which UE is monitoring  becomes a necessary and sufficient condition to d eclare radio 
downlink fa i lure, and thus to trigger re-estab l ishment. So we propose that: 

Proposal 4: Remove F FS for 'other restrictive conditions' for RLF declaration from previous 
agreements 

Question 4: Is per D L  CC failure detection supported? 

When it comes to supportab i l ity of per DL CC fai lure detection, it should be first decided whether 
in/out-of sync from L1 is per CC indication o r  joint ind ication s pa n ning severa l  CCs. Regard ing this 
q u estion, it is noted that since we have a wel l  defined mechanism for fa i lure d etection of a sing le CC 

exists in REL-8, we should be able to reuse this mechanism as  much as possib le .  

The most straightforward extension of existing mechanism into CA cou ld be to in herit the existing 
mechanism for  fa i l u re d etection of each CC. Then LTE-A UE wou ld natura l ly have per-CC DL fa i l u re 

d etectio n  mechanism, where in-sync/out-of-sync is independently indicated per each CC. The in/out­

of-sync is d etermined based on hypothetica l PDCCH d ecoding error rate, and common reference 

signa l  strength is used to calcu late the PDCCH e rror rate. S ince every carrier has the co mmon 
reference signa ls, REL-8 mechanism to detect a fa i l u re of  (DL) CC can be app l ied for CC fai l u re 

detection for any carrier type without any modification. That is, LTE-A U E  declares the fai l u re of 
concerned DL CC fai lu re upon the expi ry of e .g ., T310 which needs to be defined per CC. So we 

pro pose: 

Proposal 5: per DL CC failure d etection is supported, a nd the criteria of DL CC failure is the same 
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a s  REL-8 mechanism 

2.3 Remaining issues for uplink failure detection 

UT09-1365 

U pl ink fa i lure ca n be detected u pon the fa i lure of RLC transmission fa i lure or RACH transmission 
fa i l u re .  Rega rding the RLC transm ission fa i lure, since we have a common RLC, it was sufficient and 

thus agreed in the previous meeting to reuse RLC layer ind ication as re-estab l is hment trigger. 

Rega rding the RACH transmission fai l ure, it is sti l l  too early to d ecide anything since there is no 

agreed behaviors for RACH transmission, and several documents a re being proposed to settle this. [l] . 

In spite of this, if there is o n ly one RACH CC avai lab le to U E, it i s  obvious the MAC indication d u e  to 
the co nsecutive RACH tra nsmission fa i lures should trigger re-esta bl ish ment, since U E  has no other 

option to recover from the fa i lure. So, in  case of o n ly one RACH CC ava i labl e, LTE-A UE should a ct the 

same as REL-8 regarding how to detect RACH prob lem a nd when concerned MAC indicates the 
fa i lure to RRC. 

Proposal 6: In case there is only one RACH CC available, re-estab lishment is triggered if RACH 
problem is detected, as is done in REL-8 

Proposal 7: It is F FS for the case of more than one RACH CCs available. 

3 .  Conclusion 

Regarding radio l ink fa i l u re considering carrier aggregation, fo l lowings a re proposed: 

Radio down link failure 

Proposal 1: Re-estab lishment is triggered if a l l  CCs i ncluding PDCCH which U E  is monitoring fail 
{Clarification of p revious  agreement by adding h igh l ighted p hrases) 

Proposal 2: Re-establishment is not triggered if a security CC which UE is monitoring fails  while 
there is at least one alive CC including PDCCH which UE is monitoring 

Proposal 3: Re-establishment is not triggered if a non-security-CC fails while there is at least one 
alive CC incl uding PDCC H  which UE is monitoring 

Proposal 4: Remove FFS for other restrictive conditions for RLF declaration from previous 

agreements 

Proposal 5: per DL CC failure detection is supported, and the criteria of DL CC failure is the same 
as REL-8 mechanism 

Radio uplink failure 

Proposal 6: In case there is only one RACH CC available, re-establishment is triggered if RACH 
problem is detected, as is d one in REL-8 

Proposal 7: It is FFS for the case of more than one RACH CCs available. 
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Title: CSG cel l  detection 

1 . I ntrod uction 

Currently detection CSG ce l l  is mostly up to UE implementation. Depending on NW deployment and 

UE  implementation, U E  may not have sufficiently fine resolution of finger print for CSG ce l l  detection. 

In this document, it is suggested that the poor resolution would resu lt  i n  waste of UE battery by 

leading to useless measurement and even necessary SI reading and reporting. To remedy this, we 

propose that PCI matching of target CSG cel l be mandatory implemented in  CSG cel l  d etection .  

2 .  D iscussion 

2.1 Background of CSG cell detection 

Cu rrently U E  is relying on  autonomous search to detect its possibly a l lowed CSG ce l ls . The 

autonomous search consists of finger pr int test where UE's position (in genera l  sense) is estimated 

based on some gee-reference data, e.g., measurement resu lt of macro cel l s, GPS, etc. Since which 

finger print mechanism is tota l ly up to UE implementation, un ified and consistent resolution of each 

finger print mechanism cannot be expected among U Es and even among NW deployment scena rio. 

For example, if U E  counts on macro ce l l  measurement for finger print implementation, the resol ution 

of finger print is qu ite affected by NW environment, e.g., how densely the macro cel ls are deployed. 

When UE is operat ing under non-crowded area, e.g., ru ra l  p lace, UE may experience and measure 

qu ite sma l l  number of macro cel ls. In the worst scenario from finger print perspective, the case that 

on ly a s ing le cel l can be seen by the UE cannot be excluded. The less neighbor macro cel ls are seen, 

the l ess the finger pri nt resolution wou ld  be. 

In the current inbound mobil ity procedu re, the detection of CSG cel l by finger print test is i nformed 

to NW, in the name of proxim ity ind ication, by UE when necessary. S ince the triggering of the 

signal ing is tota l ly up to U E  implementation, NW cannot expect genera l  behaviors regard ing the 

proximity indication, and some bad U E  implementation  cause a flood of proximity indication, wasting 

network resou rce. So it was agreed that NW should be ab le to protect possibly a flood of such 

signa l i ng  from the poor UE which may not have any mal icious wi l l  though. 

The problem of poor finger print resolution is not the issue of NW side only. If the resolution of 

finger print is not sufficiently fine, U E  can waste its battery to perform measurement and report SI 

even when those further measurement and reporting are high ly l i kely to be u nnecessary. 

2.2 Problem of rough finger print from UE perspective 

Accord ing to the understanding genera l ly understood in RAN2, if finger print of macro cel l (s) is 

matched, UE performs measurement based on measurement configuration .  (Measu rement 
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configuration can be i nvolved i n  between.) If the resolution of the finger print is rough, the results 

from UE perspective wou ld  be that: 

More frequently U E  sends proximity indication to NW, resu lting in wasting radio resource 

More frequently UE  performs measurement of CSG cel ls, resu lting in wasting U E  cu rrent d ra in. 

\ 

Identified as distinct with 
[ m acro cell f inger print only] 

Figure 1 CSG cell detection based on macro cel l  finger print 

For examp le, U E  in figure 1 has a rough  finger print resol utio n  where two CSG cel ls a re identified to 

be located in the same finger pri nt. When UE is approach ing to location A, finger p rint becomes 

matched, and measurement report is triggered afterward. In this case, CSG ce l l  with PCI_N wou ld  

t rigger measurement report. When UE  i s  approaching to  location B ,  finger print becomes matched, 

and measurement report is triggered. In th is case, CSG ce l l  with PCI_M wou ld  trigger measurement 

report. If CSG cel l  with PCI_N is an  a l lowed CSG cel l  and CSG ce l l  with PCI_M is not a l lowed CSG cel l, 

Assumption 
■ UE  ever visited the CSG ce l l  with PCI_N and recorded the macro finger print when it 

visited there. That is, the finger print is bound to CSG ce l l  with PCI_N which must ever 

be a l lowed for the UE. 

■ CSG cel l with PCI_N is an a l lowed CSG cel l  

■ CSG ce l l  with PCI_M is non-a l lowed CSG cel l .  We can assume that this ce l l  is ever visited 

by the UE and identified as non-a l lowed . No finger print was recorded. So this cel l is 

equiva lent to the cel l  which is u nknown to the UE. 

Case A: If UE is approaching to CSG cel l  
■ U E  detects that macro cel l measurement is match ing with stored finger macro cel l  fi nger  

print. 

■ U E  may send proxim ity i ndication 

■ UE performs measurement 

■ Measurement event is met for CSG ce l l  with PCI_N, and then measurement report is 

triggered on the CSG ce l l  with PCI_N 
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■ NW l ets U E  to read system info rmation req uired for H O  preparatio n 
■ U E  o btains the required system information for the CSG cel l  with PCI_N and reports it to 

NW 
■ NW issues HO com mand. 

Case B: If UE is approaching to CSG cell with PCI_M 
■ U E  d etects that macro cel l  measu rement is m atching with stored finger  macro ce l l  finger 

print. N ote that the matched finger p rint is not a ctua l ly bound to the CSG cel l  with 
PCI_M, but to the CSG cel l with PCI_N 

■ U E  may send proximity ind ication 
■ UE performs measu rement 
■ Measurement event is met for CSG cel l  with PCI_M, and then measu rement report is 

triggered on the CSG ce l l  with PCI_M 
■ NW may l et U E  to read system information req u ired for H O  p reparation 
■ U E  o btains the required system information for the CSG ce l l  with PCI_M and reports it to 

NW. U E  indicates 'non-member' in the report. 
■ NW does not issue HO command. 

As shown i n  the sequence of UE behaviors for the case B, both U E  measurement/measurement report 
and SI acqu isition turn out to be in vai n, since HO is not triggered at the end.  Since the finger print 
a rea is serving as virtu a l ly the a rea forcing the U E  to perform active measurement fo r CSG cel ls. This 
waste ma i n ly comes from the fact that: 

A. S ing le finger pri nt is covering severa l CSG cel ls. Equiva l ently, the finger print is not sufficiently 
fine to d istin guish CSG cel l with PCI_N from the CSG cel l  with PCI_M 

B. N ot al l  CSG ce l l s  u nder the sa me finger print a re a l lowed for the U E. 

2.3 Enhancement of finger print resol ution 

To enhance the possibi l ity of enha ncement of finger  p rint resolution, we review two facts that cause 

the waste. 

Since the fact B suggested above is kind of NW envi ron ment to the U E  and is something given to U E, 
U E  cannot change th is. Nothing e lse for the U E  to b reak B seems to exist. 

Regarding the fact A, we cou ld  think of PCI matching step to be a complementary remedy to the 
existing macro cel l finger p rint matching. Even thoug h  this PCI matching is q u ite s imple, it is 

sufficiently enhance finger p rint resolutio n, by which U E  avoids useless measurement and unnecessary 
SI read ing.  More s pecifical ly, fol lowings can b e  considered to enhance finger p rint resolution: 

UE tests finger print matching based on macro cel l measurement and stored finger print 
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If the finger print matching passes, U E  would further attempt to read the PCI of the targ et 
ce l l  
If the PCI is read, the U E  makes a test of PCI matching, where U E  compares the PCI read fro m 
the target cel l  with the PCI of the cel l  which is bou nd to the matching finger print 

PCLY 
Macro cel l  

----- ---;--·-----/;: ::,.-: �, 

/ ,Ill identif ied as d istinct with 
[ m acro cel l  f i nger pr int +CSG 

cell PCI_M m atching ] 

Identif ied as dist inct with 
[ mac ro cell f inger pr int +CSG 

cell PCI_N m atch ing J 

Figure 2 CSG cell detection based on macro cell finger print + CSG cell PCI matching 

We describe expected UE behaviors for inbound handover assuming PCI matching is a l so 
implemented in addition to macro ce l l  finger print matching mechanism for CSG cel l  detection. 

Assumption (same as above in fig ure 1) 
■ U E  recorded the macro finger print when it visited CSG ce l l  with PCI_N. That is, the 

finger print is bound to CSG cel l  with PCI_N which is a l lowed for the UE. 
■ CSG cel l  with PCI_N is an  a l lowed CSG cel l  
■ CSG ce l l  with PCI_M is non-al lowed CSG cel l .  

Case A': If UE is approaching to CSG cell  with PCI_N 
■ U E  detects that m acro cel l measure ment is matching with stored finger macro cel l  finger 

print. 
■ VE makes PCI matching test, where VE attempt to read PCI of the target cell, e.g., by cell 

search procedure, and checks if the PCI read from the target cell is matching with stored 

PCI information associated to the finger print 

■ VE sees PCI matching, and thus it considers that wrong CSG cell is detected The CSG 

cell is then discarded No further step for inbound mobility proceeded 

■ U E  may send p roxim ity indication 
■ UE performs measurement 
■ Measurement event is met for CSG cel l  with PCI_N, and then measurement report is 

triggered o n  the CSG ce l l  with PCI_N 
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■ NW lets U E  to read system info rmation required for HO p reparation 
■ U E  o btains the required system information for the CSG cel l  with PCI_N and reports it to 

NW 
■ NW issues H O  command. 

Case B': If UE is approaching to CSG cell with PCI_M 
■ U E  d etects that macro cel l  measurement is matching with stored finger macro ce l l  finger 

print. N ote that the matched finger print is not actua l ly bound to the CSG cel l  with 

PCI_M, b ut to the CSG cell with PCI_N 
■ UE makes PCJ matching test, where UE attempt to read PCJ of the target cell, e.g., by cell 

search procedure, and checks if the PCI read from the target cell is matching with stored 

PCJ information associated to the finger print 
■ UE sees PCJ not matching, and thus it considers that wrong CSG cell is detected The 

CSG cell is then discarded No further step for inbound mobility proceeded 

• UE pcrforFAs mcasureFAent 
• Measurement event is met for CSG cell with PCI_M, and then measurement report is 

triggered on CSG cell with PCU•J 
• NV'✓ may let UE to read systeFA information required for HO preparation 
• UE obtains the required system inforFAation for the CSG cell ,...,jth PCI_�J and reports it to 

�JVV. UE indicates 'non FAernber' in the report. 
■ NW does not issue HO command. 

F igure 2 is i l lustratin g  the effect of the implemented PCI matching, where it is observed that f inger 
p rint reso lution is  h igh ly increased. 

With the s imple PCI matching implemented into CSG cel l d etection, we see that U E  can filter out the 

case where the UE is  approaching non-al lowed CSG cel l, equ iva lently u n known CSG ce l l .  U E  then 

performs measurement on ly when it detects a l lowed CSG cel l  in the vicinity of where macro finger  

p rint has  matched. Th en UE can avoid u nnecessary measurement of  non-a l lowed CSG cel l .  The UE 

a lso  avoids useless SI reading and reporting. 

We note that PCI reading is mostly equ iva lent to cel l  sea rc h, and therefore it must be very q u ick and 

efficient. This enables the PCI matching to be used for detecting CSG cel l s  on intra/inter-frequency. 
S o  we p ro pose: 

Proposal 1: PCI matching is  mandatory implemented in CSG cell detection. 
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3.  Conclusion 

To avoid u nnecessa ry measurement a n d  useless S I  reading, w e  propose that 

Proposal 1: PCI matching is mandatory implemented in CSG cell detection. 

By means of th is pro posal, U E  wou ld perform measurement only when it detects a l lowed CSG ce l l  
(whether  it is  a l lowed or  not i s  dete rm i ned based o n  stored i nformation) i n  the vicin ity of where 

macro finger print has matched. 
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