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METHOD AND APPARATUS FOR FIG . 5 is a reproduction of FIG . 10.1.5.1-1 of 3GPP TS 
IMPROVING MSG3 TRANSMISSION OF 36.300 v13.2.0 . 
RANDOM ACCESS PROCEDURE IN A FIG . 6 is a reproduction of FIG . 10.1.5.2-1 of 3GPP TS 
WIRELESS COMMUNICATION SYSTEM 36.300 v13.2.0 . 

FIG . 7 is a diagram according to one exemplary embodi 
CROSS - REFERENCE TO RELATED ment . 

APPLICATIONS FIG . 8 is a diagram according to one exemplary embodi 
ment . 

This application is a Divisional of U.S. patent application FIG . 9 is a diagram according to one exemplary embodi 
10 ment . Ser . No. 15 / 663,674 , filed Jul . 28 , 2017 , which claims the 

benefit of U.S. Provisional Patent Application Ser . No. FIG . 10 is a diagram according to one exemplary embodi 
62 / 367,875 filed on Jul . 28 , 2016 , the entire disclosure of ment . 

which are incorporated by reference . FIG . 11 is a diagram according to one exemplary embodi 
ment . 

FIELD FIG . 12 is a flow chart according to one exemplary 
embodiment . 

This disclosure generally relates to wireless communica FIG . 13 is a flow chart according to one exemplary 
tion networks , and more particularly , to a method and embodiment . 
apparatus for improving Msg3 transmission of random FIG . 14 is a flow chart according to one exemplary 
access procedure in a wireless communication system . 20 embodiment . 

FIG . 15 is a flow chart according to one exemplary 
BACKGROUND embodiment . 

FIG . 16 is a flow chart according to one exemplary 
With the rapid rise in demand for communication of large embodiment . 

amounts of data to and from mobile communication devices , 25 FIG . 17 is a flow chart according to one exemplary 
traditional mobile voice communication networks are evolv- embodiment . 
ing into networks that communicate with Internet Protocol FIG . 18 is a flow chart according to one exemplary 
( IP ) data packets . Such IP data packet communication can embodiment . 
provide users of mobile communication devices with voice FIG . 19 is a flow chart according to one exemplary 
over IP , multimedia , multicast and on - demand communica- 30 embodiment . 
tion services . 
An exemplary network structure is an Evolved Universal DETAILED DESCRIPTION 

Terrestrial Radio Access Network ( E - UTRAN ) . The 
E - UTRAN system can provide high data throughput in order The exemplary wireless communication systems and 
to realize the above - noted voice over IP and multimedia 35 devices described below employ a wireless communication 
services . A new radio technology for the next generation system , supporting a broadcast service . Wireless communi 
( e.g. , 5G ) is currently being discussed by the 3GPP standards cation systems are widely deployed to provide various types 
organization . Accordingly , changes to the current body of of communication such as voice , data , and so on . These 
3GPP standard are currently being submitted and considered systems may be based on code division multiple access 
to evolve and finalize the 3GPP standard . 40 ( CDMA ) , time division multiple access ( TDMA ) , orthogo 

nal frequency division multiple access ( OFDMA ) , 3GPP 
SUMMARY LTE ( Long Term Evolution ) wireless access , 3GPP LTE - A 

or LTE - Advanced ( Long Term Evolution Advanced ) , 
A method and apparatus are disclosed , from the perspec 3GPP2 UMB ( Ultra Mobile Broadband ) , WiMax , or some 

tive of the UE , for performing random access procedure . In 45 other modulation techniques . 
one embodiment , the method includes the UE receiving a In particular , the exemplary wireless communication sys 
message from a network . The message includes a TTI tems devices described below may be designed to support 
( Transmission Time Interval ) information of Msg3 . In addi- one or more standards such as the standard offered by a 
tion , the method includes the UE transmitting a preamble to consortium named “ 3rd Generation Partnership Project ” 
the network . The method also includes the UE receiving a 50 referred to herein as 3GPP , including : TR 38.913 v0.3.0 , 
Msg2 from the network for responding the preamble . The “ Study on Scenarios and Requirements for Next Generation 
method further includes the UE performing a Msg3 trans- Access Technologies ” ; TS 36.300 v13.2.0 , “ Overall 
mission to the network according to the TTI information of Description ; Stage 2 ” ; TS 36.913 , v13.0.0 , “ Requirements 
Msg3 . for further advancements for Evolved Universal Terrestrial 

55 Radio Access ( E - UTRA ) " ; TS 36.331 v13.2.0 , “ Radio 
BRIEF DESCRIPTION OF THE DRAWINGS Resource Control ( RRC ) ; Protocol specification ” ; TS 36.321 

v13.1.0 , “ Medium Access Control ( MAC ) protocol specifi 
FIG . 1 shows a diagram of a wireless communication cation ” ; and R2-163445 , “ Scheduling Framework and 

system according to one exemplary embodiment . Requirements ” , Nokia and Alcatel - Lucent Shanghai Bell . 
FIG . 2 is a block diagram of a transmitter system ( also 60 The standards and documents listed above are hereby 

known as access network ) and a receiver system ( also expressly incorporated by reference in their entirety . 
known as user equipment or UE ) according to one exem- FIG . 1 shows a multiple access wireless communication 
plary embodiment . system according to one embodiment of the invention . An 

FIG . 3 is a functional block diagram of a communication access network 100 ( AN ) includes multiple antenna groups , 
system according to one exemplary embodiment . 65 one including 104 and 106 , another including 108 and 110 , 
FIG . 4 is a functional block diagram of the program code and an additional including 112 and 114. In FIG . 1 , only two 

of FIG . 3 according to one exemplary embodiment . antennas are shown for each antenna group , however , more 
a 
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or fewer antennas may be utilized for each antenna group . Each transmitter 222 receives and processes a respective 
Access terminal 116 ( AT ) is in communication with anten- symbol stream to provide one or more analog signals , and 
nas 112 and 114 , where antennas 112 and 114 transmit further conditions ( e.g. , amplifies , filters , and upconverts ) 
information to access terminal 116 over forward link 120 the analog signals to provide a modulated signal suitable for 
and receive information from access terminal 116 over 5 transmission over the MIMO channel . N modulated signals 
reverse link 118. Access terminal ( AT ) 122 is in communi from transmitters 222a through 222t are then transmitted 
cation with antennas 106 and 108 , where antennas 106 and from N , antennas 224a through 224t , respectively . 
108 transmit information to access terminal ( AT ) 122 over At receiver system 250 , the transmitted modulated signals forward link 126 and receive information from access ter are received by NR antennas 252a through 252r and the 
minal ( AT ) 122 over reverse link 124. In a FDD system , 10 received signal from each antenna 252 is provided to a communication links 118 , 120 , 124 and 126 may use dif 
ferent frequency for communication . For example , forward respective receiver ( RCVR ) 254a through 254r . Each 
link 120 may use a different frequency then that used by receiver 254 conditions ( e.g. , filters , amplifies , and down 
reverse link 118 . converts ) a respective received signal , digitizes the condi 

Each group of antennas and / or the area in which they are 15 tioned signal to provide samples , and further processes the 
designed to communicate is often referred to as a sector of samples to provide a corresponding “ received ” symbol 
the access network . In the embodiment , antenna groups each stream . 

are designed to communicate to access terminals in a sector An RX data processor 260 then receives and processes the 
of the areas covered by access network 100 . NR received symbol streams from NR receivers 254 based on 

In communication over forward links 120 and 126 , the 20 a particular receiver processing technique to provide Ny 
transmitting antennas of access network 100 may utilize " detected ” symbol streams . The RX data processor 260 then 
beamforming in order to improve the signal - to - noise ratio of demodulates , deinterleaves , and decodes each detected sym 
forward links for the different access terminals 116 and 122 . bol stream to recover the traffic data for the data stream . The 
Also , an access network using beamforming to transmit to processing by RX data processor 260 is complementary to 
access terminals scattered randomly through its coverage 25 that performed by TX MIMO processor 220 and TX data 
causes less interference to access terminals in neighboring processor 214 at transmitter system 210 . 
cells than an access network transmitting through a single A processor 270 periodically determines which pre - cod 
antenna to all its access terminals . ing matrix to use ( discussed below ) . Processor 270 formu 
An access network ( AN ) may be a fixed station or base lates a reverse link message comprising a matrix index 

station used for communicating with the terminals and may 30 portion and a rank value portion . 
also be referred to as an access point , a Node B , a base The reverse link message may comprise various types of 
station , an enhanced base station , an evolved Node B ( NB ) , information regarding the communication link and / or the 
or some other terminology . An access terminal ( AT ) may received data stream . The reverse link message is then 
also be called user equipment ( UE ) , a wireless communi- processed by a TX data processor 238 , which also receives 
cation device , terminal , access terminal or some other ter- 35 traffic data for a number of data streams from a data source 
minology . 236 , modulated by a modulator 280 , conditioned by trans 
FIG . 2 is a simplified block diagram of an embodiment of mitters 254a through 254r , and transmitted back to trans 

a transmitter system 210 ( also known as the access network ) mitter system 210 . 
and a receiver system 250 ( also known as access terminal At transmitter system 210 , the modulated signals from 
( AT ) or user equipment ( UE ) ) in a MIMO system 200. At the 40 receiver system 250 are received by antennas 224 , condi 
transmitter system 210 , traffic data for a number of data tioned by receivers 222 , demodulated by a demodulator 240 , 
streams is provided from a data source 212 to a transmit and processed by a RX data processor 242 to extract the 
( TX ) data processor 214 . reserve link message transmitted by the receiver system 250 . 

In one embodiment , each data stream is transmitted over Processor 230 then determines which pre - coding matrix to 
a respective transmit antenna . TX data processor 214 for- 45 use for determining the beamforming weights then processes 
mats , codes , and interleaves the traffic data for each data the extracted message . 
stream based on a particular coding scheme selected for that Turning to FIG . 3 , this figure shows an alternative sim 
data stream to provide coded data . plified functional block diagram of a communication device 

The coded data for each data stream may be multiplexed according to one embodiment of the invention . As shown in 
with pilot data using OFDM techniques . The pilot data is 50 FIG . 3 , the communication device 300 in a wireless com 
typically a known data pattern that is processed in a known munication system can be utilized for realizing the UEs ( or 
manner and may be used at the receiver system to estimate ATs ) 116 and 122 in FIG . 1 or the base station ( or AN ) 100 
the channel response . The multiplexed pilot and coded data in FIG . 1 , and the wireless communications system is 
for each data stream is then modulated ( i.e. , symbol mapped ) preferably the LTE system . The communication device 300 
based on a particular modulation scheme ( e.g. , BPSK , 55 may include an input device 302 , an output device 304 , a 
QPSK , M - PSK , or M - QAM ) selected for that data stream to control circuit 306 , a central processing unit ( CPU ) 308 , a 
provide modulation symbols . The data rate , coding , and memory 310 , a program code 312 , and a transceiver 314 . 
modulation for each data stream may be determined by The control circuit 306 executes the program code 312 in the 
instructions performed by processor 230 . memory 310 through the CPU 308 , thereby controlling an 

The modulation symbols for all data streams are then 60 operation of the communications device 300. The commu 
provided to a TX MIMO processor 220 , which may further nications device 300 can receive signals input by a user 
process the modulation symbols ( e.g. , for OFDM ) . TX through the input device 302 , such as a keyboard or keypad , 
MIMO processor 220 then provides N , modulation symbol and can output images and sounds through the output device 
streams to N , transmitters ( TMTR ) 222a through 222t . In 304 , such as a monitor or speakers . The transceiver 314 is 
certain embodiments , TX MIMO processor 220 applies 65 used to receive and transmit wireless signals , delivering 
beamforming weights to the symbols of the data streams and received signals to the control circuit 306 , and outputting 
to the antenna from which the symbol is being transmitted . signals generated by the control circuit 306 wirelessly . The 

a 

2 

a 

2 

a 
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communication device 300 in a wireless communication An RN supports both contention - based and non - contention 
system can also be utilized for realizing the AN 100 in FIG . based random access . When an RN performs the random 
1 . access procedure , it suspends any current RN subframe 
FIG . 4 is a simplified block diagram of the program code configuration , meaning it temporarily disregards the RN 

312 shown in FIG . 3 in accordance with one embodiment of 5 subframe configuration . The RN subframe configuration is 
the invention . In this embodiment , the program code 312 resumed at successful random access procedure completion . 
includes an application layer 400 , a Layer 3 portion 402 , and 
a Layer 2 portion 404 , and is coupled to a Layer 1 portion 10.1.5.1 Contention Based Random Access 
406. The Layer 3 portion 402 generally performs radio Procedure 
resource control . The Layer 2 portion 404 generally per 
forms link control . The Layer 1 portion 406 generally The contention based random access procedure is outlined 
performs physical connections . on FIG . 10.1.5.1-1 below : 
One of the general objectives of the present application is [ FIG . 10.1.5.1-1 of 3GPP TS 36.300 v13.2.0 is repro 

to study the frame structure used in New RAT ( NR ) for 5G , duced as FIG . 5 ] 
to accommodate various type of requirement ( discussed in 15 The four steps of the contention based random access 
3GPP TR 38.913 ) for time and frequency resource , e.g. , procedures are : 
from ultra - low latency ( -0.5 ms ) to expected longer TTI 1 ) Random Access Preamble on RACH in uplink : 
( Transmission Time Interval ) for MTC ( Machine Type Com- There are two possible groups defined and one is optional . 
munication ) , from high peak rate for eMBB ( enhanced If both groups are configured the size of message 3 and 
Mobile Broadband ) to very low data rate for MTC . An 20 the pathloss are used to determine which group a 
important focus is low latency aspect , while other aspect of preamble is selected from . The group to which a 
mixing / adapting different TTIs can also be considered in the preamble belongs provides an indication of the size of 
study . In addition to diverse services and requirements , the message 3 and the radio conditions at the UE . The 
forward compatibility is an important consideration in initial preamble group information along with the necessary 
NR frame structure design as not all features of NR would 25 thresholds are broadcast on system information . 
be included in the beginning phase / release . 2 ) Random Access Response generated by MAC on 
3GPP TS 36.300 includes the following random access DL - SCH : 

( RA ) procedure related description : Semi - synchronous ( within a flexible window of which the 
size is one or more TTI ) with message 1 ; 

10.1.5 Random Access Procedure No HARQ ; 
Addressed to RA - RNTI on PDCCH ; 

The random access procedure is characterized by : Conveys at least RA - preamble identifier , Timing Align 
Common procedure for FDD and ment information for the PTAG , initial UL grant and 
One procedure irrespective of cell size and the number of assignment of Temporary C - RNTI ( which may or may 

serving cells when CA is configured ; not be made permanent upon Contention Resolution ) ; 
The random access procedure is performed for the following Intended for a variable number of UEs in one DL - SCH 
events related to the PCell : message . 

Initial access from RRC_IDLE ; 3 ) First scheduled UL transmission on UL - SCH : 
RRC Connection Re - establishment procedure ; Uses HARQ ; 
Handover ; Size of the transport blocks depends on the UL grant 
DL data arrival during RRC_CONNECTED requiring conveyed in step 2 . 

random access procedure : For initial access : 
E.g. when UL synchronisation status is “ non - synchro- Conveys the RRC Connection Request generated by 

nised ” . the RRC layer and transmitted via CCCH ; 
UL data arrival during RRC_CONNECTED requiring 45 Conveys at least NAS UE identifier but no NAS 

random access procedure : message ; 
E.g. when UL synchronisation status is “ non - synchro RLC TM : no segmentation . 

nised ” or there are no PUCCH resources for SR avail- For RRC Connection Re - establishment procedure : 
able . Conveys the RRC Connection Re - establishment 

For positioning purpose during RRC_CONNECTED 50 Request generated by the RRC layer and transmitted 
requiring random access procedure ; via CCCH ; 

E.g. when timing advance is needed for UE positioning . RLC TM : no segmentation ; 
The random access procedure is also performed on a SCell Does not contain any NAS message . 
to establish time alignment for the corresponding sTAG . After handover , in the target cell : 
In DC , the random access procedure is also performed on at 55 Conveys the ciphered and integrity protected RRC 
least PSCell upon SCG addition / modification , if instructed , Handover Confirm generated by the RRC layer and 
or upon DL / UL data arrival during RRC_CONNECTED transmitted via DCCH ; 
requiring random access procedure . The UE initiated ran Conveys the C - RNTI of the UE ( which was allocated 
dom access procedure is performed only on PSCell for SCG . via the Handover Command ) ; 
Furthermore , the random access procedure takes two distinct 60 Includes an uplink Buffer Status Report when possible . 
forms : For other events : 

Contention based ( applicable to first five events ) ; Conveys at least the C - RNTI of the UE . 
Non - contention based ( applicable to only handover , DL 4 ) Contention Resolution on DL : 

data arrival , positioning and obtaining timing advance align- Early contention resolution shall be used i.e. eNB does 
ment for a sTAG ) . not wait for NAS reply before resolving contention ; 
Normal DL / UL transmission can take place after the random Not synchronised with message 3 ; 
access procedure . HARQ is supported ; 
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Addressed to : transmission ( step 1 ) is on the indicated SCell and Random 
The Temporary C - RNTI on PDCCH for initial access Access Response ( step 2 ) takes place on PCell . 

and after radio link failure ; When performing non - contention based random access on 
The C - RNTI on PDCCH for UE in RRC CON- the PCell or PSCell while DC is configured , the Random 
NECTED . 5 Access Preamble assignment via PDCCH of step 0 , step 1 

HARQ feedback is transmitted only by the UE which and 2 of the non - contention based random access procedure 
detects its own UE identity , as provided in message 3 , occur on the corresponding cell . In order to establish timing 
echoed in the Contention Resolution message ; advance for a STAG , the eNB may initiate a non - contention 

For initial access and RRC Connection Re - establishment based random access procedure with a PDCCH order ( step 
procedure , no segmentation is used ( RLC - TM ) . 10 0 ) that is sent on a scheduling cell of activated SCell of the 

The Temporary C - RNTI is promoted to C - RNTI for a UE STAG not including PSCell . Preamble transmission ( step 1 ) 
which detects RA success and does not already have a is on the indicated SCell and Random Access Response ( step 
C - RNTI ; it is dropped by others . A UE which detects RA 2 ) takes place on PCell for MCG and PSCell for SCG . 
success and already has a C - RNTI , resumes using its Details of each random access step and related control 
C - RNTI . 15 element are described in Sections 5.1 , 5.4 , 6 , and 7 of 3GPP 
When CA is configured , the first three steps of the contention TS 36.321 . Furthermore , some configurations for random 
based random access procedures occur on the PCell while access and obtaining procedure are discussed in 3GPP 
contention resolution ( step 4 ) can be cross - scheduled by the 36.331 . 
PCell . When DC is configured , the first three steps of the One NR requirement listed in 3GPP TR 38.913 lists the 
contention based random access procedures occur on the 20 following NR requirement : “ Control plane latency refers to 
PCell in MCG and PSCell in SCG . When CA is configured the time to move from a battery efficient state ( e.g. , IDLE ) 
in SCG , the first three steps of the contention based random to start of continuous data transfer ( e.g. , ACTIVE ) . The 
access procedures occur on the PSCell while contention target for control plane latency should be 10 ms . ” Regarding 
resolution ( step 4 ) can be cross - scheduled by the PSCell . similar requirement in LTE , the control plane latency 

25 requirement is set to 50 ms ( as discussed in 3GPP TS 
10.1.5.2 Non - Contention Based Random Access 36.913 ) . There is a huge gap between latency requirement of 

Procedure LTE and latency requirement of NR . Therefore , it would be 
better to reduce possible transmission and processing 

The non - contention based random access procedure is out- latency as much as possible . As discussed below , the present 
lined on FIG . 10.1.5.2-1 below : 30 application first focuses on random access latency . 

[ FIG . 10.1.5.2-1 of 3GPP TS 36.300 v13.2.0 is repro- In LTE , there are two kinds of random access procedure , 
duced as FIG . 6 ] contention and non - contention . The contention random 
The three steps of the non - contention based random access access procedure consists of 4 steps , including : Msgl , 
procedures are : Msg2 , Msg3 , and Msg4 . FIG . 5 is an exemplary embodi 

0 ) Random Access Preamble assignment via dedicated 35 ment for the contention random access . The Msg1 and Msg3 
signalling in DL : are transmitted from a UE to a network . And the resource for 
eNB assigns to UE a non - contention Random Access performing Msgl transmission and Msg3 transmission are 

Preamble ( a Random Access Preamble not within the contention resource . If the network can successfully receive 
set sent in broadcast signalling ) . a Msg3 , the network could identify the UE based on contents 

Signalled via : 40 in Msg3 , and transmit a Msg4 to the UE for finishing the 
HO command generated by target eNB and sent via contention . 

source eNB for handover ; On the other hand , a dynamic TTI adjusting concept is 
PDCCH in case of DL data arrival or positioning ; discussed in 3GPP R2-163445 , which proposes to set the 
PDCCH for initial UL time alignment for a STAG . TTI size per scheduling grant for optimizing TCP ( Trans 

1 ) Random Access Preamble on RACH in uplink : 45 mission Control Protocol ) transmission case . In particular , 
UE transmits the assigned non - contention Random short TTI can be used to accelerate TCP slow start process , 

Access Preamble . and long TTI can be used in steady transmission rate state for 
2 ) Random Access Response on DL - SCH : reduce control signaling overhead . 
Semi - synchronous ( within a flexible window of which the Considering such dynamic TTI concept , the present appli 

size is two or more TTIS ) with message 1 ; 50 cation further discusses whether it can also be used to 
No HARQ ; accelerate random access procedure and how to achieve 
Addressed to RA - RNTI on PDCCH ; dynamic TTI change in random access . The following 
Conveys at least : discussion mainly focuses on the Msg3 transmission step in 

Timing Alignment information and initial UL grant for a random access procedure . In addition , the discussion 
handover ; 55 below does not include UE's RF / Baseband capability dif 

Timing Alignment information for DL data arrival ; ferentiation ( e.g. , differentiation between normal cell phone 
RA - preamble identifier ; in LTE and NB - IoT devices in LTE ) case . 
Intended for one or multiple UEs in one DL - SCH In LTE , there could be three different random access 
message . configurations in LTE system . The first configuration is 

When performing non - contention based random access on 60 generally for normal UEs with enough RF / Baseband capa 
the PCell while CA is configured , the Random Access bility to monitor whole system bandwidth ( e.g. , cell phones , 
Preamble assignment via PDCCH of step 0 , step 1 and 2 of high end MTC devices ) . The second configuration is gen 
the non - contention based random access procedure occur on erally for low - end MTC devices and normal UEs with 
the PCell . In order to establish timing advance for a STAG , enough RF / Baseband capability but worked in power lim 
the eNB may initiate a non - contention based random access 65 ited condition . The third configuration is generally for 
procedure with a PDCCH order ( step 0 ) that is sent on a NB - IoT ( Narrow Band - Internet of Thing ) UEs which pool 
scheduling cell of activated SCell of the sTAG . Preamble RF / Baseband capability and can only perform transmission / 
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reception on a narrow band ( e.g. , 1.4 MHz ) . The last configuration used by Msg1 , PRACH resource set in RA 
configuration is generally defined as a new RAT ( Radio configuration used by Msg1 , Msgl length or format , RA 
Access Technology ) . Normally , low - end MTC devices will configuration used by Msg1 , etc. ) . The UE could also select 
only worked on the second configuration , and NB - IoT common field based on service types ( e.g. , URLLC , eMBB , 
devices will work only on the third configuration . For a 5 delay sensitive , ... ) . For example , if the UE triggers RA for 
normal UE with enough RF / Baseband capability , the UE transmitting a specific service type data ( e.g. , URLLC 
will only change RA configuration when it enters the power service type ) , then the UE could select common field for the 
limited state ( e.g. , cell edge or even far away ) . specific service type . Moreover , the UE may understand the 

If short TTI applies to Msg3 transmission , the average data belonging to which service type based on a service type 
random access latency could be reduced due to early start to 10 indication ( similar to logical channel priority ) in configura 
monitor Msg4 . A possible case for such benefit is shown in tion of logical channel / RB having available data . The ser 
FIG . 7. As shown in FIG . 7 , although the processing delay vice type indication may be used in multiplexing procedure . 
is a fixed period , the UE could start to receive Msg4 earlier For instance , the UE may not multiplex data with different 
owing to early Msg3 transmission . Moreover , two possibili- service type indications into a TB for transmission . Alter 
ties for monitoring Msg4 are shown in FIG . 7. The UE may 15 natively , the UE may understand the data belonging to which 
expect either TTI format if the TTI length information is not service type based on header field of the data ( e.g. , RLC 
be carried in scheduling control signal . Otherwise , the UE header field , PDCP field ) , or based on delivering user plane 
may expect multiple possibilities of TTI length . protocol type / category ( e.g. , category 1 maps to URLLC ) . 

Another possible benefit may be improving resource As an example , if the UE triggers RA when the UE has 
efficiency . If the dynamic TTI concept is applied to Msg3 , 20 registered / authorized for URLLC service type , the UE could 
the network can more flexibly adjust resource allocation . In select common field for URLLC service type . As another 
LTE , the TTI length for Msg3 is fixed . In the same modu- example , if higher layer ( e.g. , NAS layer , application layer , 
lation scheme condition , LTE system could only schedule RRC layer ) in a UE sends a service indication to lower layer 
radio resource in PRB level , while NR may be able to ( e.g. , MAC , PHY ) in the UE when the UE triggers and / or 
schedule in symbol level . 25 performs RA , the UE could select common field based on 

To achieve dynamic TTI concept , a UE needs to derive the service type indicated by the service indication . 
TTI information ( e.g. , TTI length , numerology ) for trans- In one embodiment , the UE selects common field based 
mitting Msg3 on air interface . In this aspect , possible on random access purpose ( e.g. , request system information , 
candidates for the UE are proposed to obtain such informa- paging , positioning , location update , control plane establish 
tion . One or multiple solutions can be applied in a NR 30 ment , beam recovery , etc. ) . And the random access purpose 
system . may be indicated by higher layer ( e.g. NAS , RRC , applica 

Solution 1 RAR ( Random Access Response ) . In LTE , tion layer ) in the UE . 
Msg3 transmission is scheduled by UL grant field in RAR . In one embodiment , the UE selects common field based 
A RAR is a response for a preamble transmitted at a Msg1 on potential Msg3 size . For example , if the pending avail 
transmission opportunity from UE ( s ) . The format of RAR in 35 able data in a UE larger than a threshold when a UE is 
LTE is shown in FIG . 8 . performing RA , the UE selects common field for potential 

The Msg3 transmission is scheduled according to UL message size larger than the threshold . 
( Uplink ) grant field in the RAR . In this solution , additional In one embodiment , the UE selects common field based 
TTI information is added into RAR for scheduling Msg3 . In on its DL measurement , based on connection establishment 
one embodiment , the new TTI information can be a new 40 cause ( e.g. , emergency call , mo - data , mt - data , ... ) , based 
field in RAR or a new field in Msg2 for a specific preamble on its current power ramping result ( e.g. , ramping over 
or added into UL grant field . A possible exemplary embodi- threshold times or threshold power , changing based on 
ment is shown in FIG . 9 . mapping table between ramping steps and TTI information ) , 

Solution 2 — Common field in Msg2 . In Solution 2 , the based on UE priority ( e.g. , access class , etc. ) provided from 
TTI information is also carried in Msg2 similar to Solution 45 network or UE subscription , or based on Msg3 contents 
1. The Msg2 may include multiple RARs . And sub - header of ( e.g. , which type control element could be included , BSR 
a RAR will indicate the RAR is for which preamble . reporting for which LCG or which RB / LC , data from which 
However , since the TTI length has limited choices , there user plane protocol stock , data from which radio bearer , data 
may be no need to repeatedly include the redundant infor- from which logical channel , . ) . For example , if Msg3 
mation . Hence , it is proposed to use common field ( s ) in 50 could include data from a specific ( set of ) LC or RB ( e.g. 
Msg2 to carry TTI information . A possible example is shown URLLC type RB , CCCH , ... ) , the UE could select common 
in FIG . 10. The TTI information 1 could be provided to field related to the LC or RB based on the UE's configura 
preamble set 1 ( e.g. , rapid ( -20 ) , and the TTI information 2 tion ( e.g. , association between LC / RB and random access 
could be provided to preamble set 2 ( e.g. , rapid 21-40 ) . configuration , association between LC / RB and service con 

The TTI information carried in a common field will be 55 figuration , association between LC / RB and transport chan 
applied to UEs performed different Msg1 transmission ( e.g. , nel configuration , etc ) . As another example , if Msg3 could 
different preamble ) . The different Msgl transmissions are include a special control element / special message , the UE 
differentiable by receiving side in Code domain and / or Time could select common field related to the special control 
domain and / or Frequency domain . Preferably , the common element / message . Preferably , the UE will select another 
field ( s ) may be carried as control element . Alternatively , the 60 common field if the Msg3 doesn't include the special control 
common field ( s ) may be carried as part of MAC ( sub- ) element and / or the special message ( e.g. , RRC message ) . 
header , as data ( e.g. , RRC configuration ) , or in control signal In one embodiment , the UE selects common field based 
( e.g. , PDCCH signal ) for scheduling Msg2 . on highest priority of radio bearers having available data . 

If multiple common fields are included in a Msg2 , a UE For example , the UE has available data belonging to radio 
could select one of them to apply to Msg3 transmission . In 65 bearer with priority 2 and priority 8 when the UE is 
one embodiment , the UE could select common field based performing RA . The UE could select common field based on 
on its Msgl transmission ( e.g. , preamble group set in RA whether priority 2 is over a threshold or not . 
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In one embodiment , the UE selects common field based channel , ... ) . For example , if Msg3 could include data from 
on highest priority of logical channels having available data , a specific or a set of LC or RB ( e.g. , URLLC type RB , 
or based on which user plane protocol stock ( e.g. , URLLC CCCH , ... ) , the UE could select TTI information in the 
or eMBB type user plane protocol , protocol stock category / broadcast message related to the LC or RB based on the 
index 1 or 2 , ... ) performing the random access . 5 UE's configuration . As another example , if Msg3 could 

Solution 3 — Broadcast Information . In Solution 3 , a UE include a special control element / special message , the UE 
could derive TTI length for Msg3 transmission through a could select TTI information in the broadcast message 
broadcast message ( e.g. , system information ( s ) , MIB , etc. ) related to the special control element / message . Preferably , 
from a network ( e.g. , gNB , base station , TRP , etc. ) . If the UE will select another TTI information if the Msg3 
multiple TTI information for Msg3 transmission are 10 doesn't include the special control element and / or the spe 
included in the broadcast message , a UE could select one of cial message ( e.g. , RRC message ) . 
them to apply to Msg3 transmission . In one embodiment , the UE selects TTI information in the 

In one embodiment , the UE selects TTI information in the broadcast message based on highest priority of radio bearers 
broadcast message based on its Msgl transmission ( e.g. , having available data . For example , the UE has available 
preamble group set in RA configuration used by Msgl , 15 data belonging to radio bearer with priority 2 and priority 8 
PRACH resource set in RA configuration used by Msgi , when the UE is performing RA . The UE could select TTI 
Msg1 length or format , RA configuration used by Msg1 , information in the broadcast message based on whether 
etc. ) . For example , if the UE triggers RA for transmitting a priority 2 is over a threshold or not . 
specific service type data ( e.g. , URLLC service type ) , then In one embodiment , the UE selects TTI information in the 
the UE could select TTI information in the broadcast mes- 20 broadcast message based on highest priority of logical 
sage for the specific service type . Moreover , the UE may channels having available data , or based on which user plane 
understand the data belonging to which service type based protocol stock ( e.g. , URLLC or eMBB type user plane 
on a service type indication ( similar to logical channel protocol , protocol stock category / index 1 or 2 , ) 
priority ) in configuration of logical channel / RB having performing the random access . 
available data . Solution 4 - Dedicated message . In Solution 4 , a UE 

The service type indication may be used in multiplexing could derive TTI length for Msg3 transmission through a 
procedure . For instance , the UE may not multiplex data with dedicated message ( e.g. , RRC reconfiguration message , pag 
different service type indications into a TB for transmission . ing message , PDCCH for initiating RA , . ) from a 
Alternatively , the UE may understand the data belonging to network . If multiple TTI information for Msg3 transmission 
which service type based on header field of the data ( e.g. , 30 are implicitly or explicitly ) included in the dedicated mes 
RLC header field , PDCP field ) . The UE may also understand sage , a UE could select one of them to apply to Msg3 
the data belonging to which service type based on delivering transmission . 
user plane protocol type / category ( e.g. , category 1 maps to In one embodiment , the UE selects TTI information in 
URLLC ) . As another example , if the UE triggers RA when dedicated message based on its Msgl transmission ( e.g. , 
the UE has registered / authorized for URLLC service type , 35 preamble group set in RA configuration used by Msgl , 
the UE could select TTI information in the broadcast mes- PRACH resource set in RA configuration used by Msgl , 
sage for URLLC service type . As a further example , if Msgl length or format , RA configuration used by Msgl , 
higher layer ( e.g. , NAS layer , application layer , RRC layer ) etc. ) . For example , if the UE triggers RA for transmitting a 
in a UE sends a service indication to lower layer ( e.g. , MAC , specific service type data ( e.g. , URLLC service type ) , then 
PHY ) in the UE when the UE triggers and / or performs RA , 40 the UE could select TTI information in dedicated message 
the UE could select TTI information in the broadcast mes- for the specific service type . Moreover , the UE may under 
sage based on the service type indicated by the service stand the data belonging to which service type based on a 
indication . service type indication ( similar to logical channel priority ) in 

In one embodiment , the UE selects TTI information in the configuration of logical channel / RB having available data . 
broadcast message based on random access purpose ( e.g. , 45 The service type indication may be used in multiplexing 
request broadcast message , paging , positioning , location procedure . For instance , the UE may not multiplex data with 
update , control plane establishment , beam recovery , etc. ) . different service type indications into a TB for transmission . 
And the random access purpose may be indicated by higher Alternatively , the UE may understand the data belonging to 
layer ( e.g. , NAS , RRC , application layer ) in the UE . which service type based on header field of the data ( e.g. , 

In one embodiment , the UE selects TTI information in the 50 RLC header field , PDCP field ) ) , or based on delivering user 
broadcast message based on potential Msg3 size . For plane protocol type / category ( e.g. , category 1 maps to 
example , if the pending available data in the UE larger than URLLC ) . 
a threshold when the UE is performing RA , the UE selects As another example , if the UE triggers RA when the UE 
TTI information in the broadcast message for potential has registered / authorized for URLLC service type , the UE 
message size larger than the threshold . 55 could select TTI information in the dedicated message for 

In one embodiment , the UE selects TTI information in the URLLC service type . As a further example , if higher layer 
broadcast message based on its DL measurement , based ( e.g. , NAS layer , application layer , RRC layer ) in the UE 
connection establishment cause ( e.g. , emergency call , mo- sends a service indication to lower layer ( e.g . , MAC , PHY ) 
data , mt - data , . . . ) , based on its current power ramping in the UE when the UE triggers and / or performs RA , the UE 
result ( e.g. , ramping over threshold times or threshold 60 could select TTI information in the dedicated message based 
power , changing based on mapping table between ramping on the service type indicated by the service indication . 
steps and TTI information ) , based on UE priority provided In one embodiment , the UE selects TTI information in the 
from network or UE subscription ( e.g. , access class , etc. ) , or dedicated message based on random access purpose ( e.g. , 
based on Msg3 contents ( e.g. , which type control element request system information , paging , positioning , location 
could be included , BSR reporting for which LCG or which 65 update , control plane establishment , beam recovery , etc. ) . 
RB / LC , data from which user plane protocol stock , data And the random access purpose may be indicated by higher 
from which radio bearer , data from which logical layer ( e.g. , NAS , RRC , application layer ) in the UE . 
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In one embodiment , the UE selects TTI information in the Msg3 can be set to short TTI . Otherwise , the minimum gap 
dedicated message based on potential Msg3 size . For could only be set to normal sub - frame length like without 
example , if the pending available data in the UE larger than short TTI case . 
a threshold when the UE is performing RA , the UE selects There are also many other ways to reduce processing time 
TTI information in the dedicated message for potential 5 ( e.g. , provision TB size ) . These methods will bring some 
message size larger than the threshold . benefits , as well as some limitations and / or complexity . As 

In one embodiment , the UE selects TTI information in the a conclusion , we think that it could be beneficial for network 
dedicated message based on its DL measurement , based on be capable to decide the length of gap period . For achieving 
connection establishment cause ( e.g. , emergency call , mo- the concept , a UE will need to know the gap information ( or 
data , mt - data , . ) , based on its current power ramping 10 called Msg3 start timing offset ) by information provided 
result ( e.g. , ramping over threshold times or threshold from network . The possible solutions are listed below . 
power , changing based on mapping table between ramping Solution 1 – RAR ( Random Access Response ) . In LTE , 
steps and TTI information ) , based on UE priority provided Msg3 transmission is scheduled by UL grant field in RAR . 
from network or UE subscription ( e.g. , access class , etc. ) , or A RAR is a response for a preamble transmitted at a Msg1 
based on Msg3 contents ( e.g. , which type control element 15 transmission opportunity from UE ( s ) . The format of RAR in 
could be included , BSR reporting for which LCG or which LTE is shown in FIG . 8 . 
RB / LC , data from which user plane protocol stock , data The Msg3 transmission is scheduled according to UL 
from which radio bearer , data from which logical ( Uplink ) grant field in the RAR . In this solution , additional 
channel , ... ) . For example , if Msg3 could include data from information is added into RAR for adjusting Msg3 start 
a specific ( set of ) LC or RB ( e.g. URLLC type RB , 20 timing offset . In one embodiment , the additional information 
CCCH , . ) , the UE could select TTI information in can be a new field in RAR or a new field in Msg2 for a 
dedicated message related to the LC or RB based on the specific preamble or added into UL grant field . 
UE's configuration . As another example , if Msg3 could Solution 2 — Common field in Msg2 . In Solution 2 , the 
include a special control element / special message , the UE Msg3 start timing offset is also carried in Msg2 similar to 
could select TTI information in the dedicated message 25 Solution 1. The Msg2 may include multiple RARs . And 
related to the special control element / message . Preferably , MAC sub - header of a RAR will indicate the RAR is for 
the UE will select another TTI information if the Msg3 which preamble . However , since the TTI length has limited 
doesn't include the special control element and / or the spe- choices , there may be no need to repeatedly include the 
cial message ( e.g. , RRC message ) . redundant information . Hence , it is proposed to use common 

In one embodiment , the UE selects TTI information in the 30 field ( s ) in Msg2 to carry Msg3 start timing offset . 
dedicated message based on highest priority of radio bearers The Msg3 start timing offset carried in a common field 
having available data . For example , the UE has available will be applied to UEs performed different Msgl transmis 
data belonging to radio bearer with priority 2 and priority 8 sion ( e.g. , different preamble ) . The different Msg1 transmis 
when the UE is performing RA . The UE could select TTI sions are differentiable by receiving side in Code domain 
information in dedicated message based on whether priority 35 and / or Time domain and / or Frequency domain . Preferably , 
2 is over a threshold or not . the common field ( s ) may be carried as control element . 

In one embodiment , the UE selects TTI information in the Alternatively , the common field ( s ) may be carried as part of 
dedicated message based on highest priority of logical MAC ( sub- ) header , as data ( e.g. , RRC configuration ) , or in 
channels having available data , or based on which user plane control signal ( e.g. , PDCCH signal ) for scheduling Msg2 . 
protocol stock ( e.g. , URLLC or eMBB type user plane 40 If multiple common fields are included in a Msg2 , a UE 
protocol , protocol stock category / index 1 or 2 , ... ) could select one of them to apply to Msg3 transmission . In 
performing the random access . one embodiment , the UE could select common field based 

Solution 5 – Implicitly derive from Msg2 Transmission . on its Msgl transmission ( e.g. , preamble group set in RA 
In this solution , a UE could derive TTI length for Msg3 configuration used by Msgl , PRACH resource set in RA 
transmission based on implicit information of Msg2 . In one 45 configuration used by Msg1 , Msg1 length or format , RA 
embodiment , a UE derives TTI length based on TTI length configuration used by Msgl , etc. ) . The UE could also select 
used by Msg2 . The TTI duration of Msg3 transmission may common field based on service types ( e.g. , URLLC , eMBB , 
be N times of TTI duration of Msg2 . N value can be integer delay sensitive , ... ) . For example , if the UE triggers RA for 
or decimal . The N value may be obtained by the UE based transmitting a specific service type data ( e.g. , URLLC 
on one or multiple solutions mentioned above . For example , 50 service type ) , then the UE could select common field for the 
the UE may obtain the N value through the broadcast specific service type . Moreover , the UE may understand the 
message from a network . And the UE could overwrite the N data belonging to which service type based on a service type 
value provided in the broadcast message , if the UE receives indication ( similar to logical channel priority ) in configura 
another N value in a dedicated message . tion of logical channel / RB having available data . The ser 

In another embodiment , a UE derives TTI length based on 55 vice type indication may be used in multiplexing procedure . 
frequency carrier used by Msg2 . Each frequency carrier may For instance , the UE may not multiplex data with different 
have corresponding different TTI lengths . The correspond- service type indications into a TB for transmission . 
ing TTI information may be predefined and / or provided Alternatively , the UE may understand the data belonging 
through system information and / or dedicated RRC message . to which service type based on header field of the data ( e.g. , 
Msg3 start timing offset In LTE , there is a fixed gap 60 RLC header field , PDCP field ) , or based on delivering user 

period between Msg2 reception and Msg3 transmission . The plane protocol type / category ( e.g. , category 1 maps to 
fixed gap period is designed for covering UE's Msg2 / 3 URLLC ) . As an example , if the UE triggers RA when the UE 
processing time ( e.g. , decode , ( de- ) multiplexing transport has registered / authorized for URLLC service type , the UE 
block ) . However , in NR , some possible methods can bring could select common field for URLLC service type . As 
benefits to reduce such fixed gap period . For example , if 65 another example , if higher layer ( e.g. , NAS layer , applica 
short TTI is applied to both Msg2 / Msg3 transmissions as tion layer , RRC layer ) in a UE sends a service indication to 
FIG . 11 , the minimum of the fixed gap between Msg2 and lower layer ( e.g. , MAC , PHY ) in the UE when the UE 
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triggers and / or performs RA , the UE could select common Moreover , the UE may understand the data belonging to 
field based on the service type indicated by the service which service type based on a service type indication 
indication . ( similar to logical channel priority ) in configuration of 

In one embodiment , the UE selects common field based logical channel / RB having available data . 
on random access purpose ( e.g. , request system information , 5 The service type indication may be used in multiplexing 
paging , positioning , location update , control plane establish- procedure . For instance , the UE may not multiplex data with 
ment , beam recovery , etc. ) . And the random access purpose different service type indications into a TB for transmission . 
may be indicated by higher layer ( e.g. , NAS , RRC , appli- Alternatively , the UE may understand the data belonging to 
cation layer ) in the UE . which service type based on header field of the data ( e.g. , 

In one embodiment , the UE selects common field based 10 RLC header field , PDCP field ) . The UE may also understand 
on potential Msg3 size . For example , if the pending avail- the data belonging to which service type based on delivering 
able data in a UE larger than a threshold when a UE is user plane protocol type / category ( e.g. , category 1 maps to 
performing RA , the UE selects common field for potential URLLC ) . As another example , if the UE triggers RA when 
message size larger than the threshold . the UE has registered / authorized for URLLC service type , 

In one embodiment , the UE selects common field based 15 the UE could select Msg3 start timing offset in the broadcast 
on its DL measurement , based on connection establishment message for URLLC service type . As a further example , if 
cause ( e.g. , emergency call , mo - data , mt - data , . ) , based higher layer ( e.g. , NAS layer , application layer , RRC layer ) 
on its current power ramping result ( e.g. , ramping over in a UE sends a service indication to lower layer ( e.g . , MAC , 
threshold times or threshold power , changing based on PHY ) in the UE when the UE triggers and / or performs RA , 
mapping table between ramping steps and Msg3 start timing 20 the UE could select Msg3 start timing offset in the broadcast 
offset ) , based on UE priority ( e.g. , access class , etc. ) pro- message based on the service type indicated by the service 
vided from network or UE subscription , or based on Msg3 indication . 
contents ( e.g. , which type control element could be included , In one embodiment , the UE selects Msg3 start timing 
BSR reporting for which LCG or which RB / LC , data from offset in the broadcast message based on random access 
which user plane protocol stock , data from which radio 25 purpose ( e.g. , request broadcast message , paging , position 
bearer , data from which logical channel , . ) . For example , ing , location update , control plane establishment , beam 
if Msg3 could include data from a specific ( set of ) LC or RB recovery , etc. ) . And the random access purpose may be 
( e.g. URLLC type RB , CCCH , ) , the UE could select indicated by higher layer ( e.g. , NAS , RRC , application 
common field related to the LC or RB based on the UE's layer ) in the UE . 
configuration ( e.g. , association between LC / RB and random 30 In one embodiment , the UE selects Msg3 start timing 
access configuration , association between LC / RB and ser- offset in the broadcast message based on potential Msg3 
vice configuration , association between LC / RB and trans- size . For example , if the pending available data in the UE 
port channel configuration , etc. ) . As another example , if larger than a threshold when the UE is performing RA , the 
Msg3 could include a special control element / special mes- UE selects Msg3 start timing offset in the broadcast message 
sage , the UE could select common field related to the special 35 for potential message size larger than the threshold . 
control element / message . Preferably , the UE will select In one embodiment , the UE selects Msg3 start timing 
another common field if the Msg3 doesn't include the offset in the broadcast message based on its DL measure 
special control element and / or the special message ( e.g. , ment , based on connection establishment cause ( e.g. , emer 
RRC message ) . gency call , mo - data , mt - data , ... ) , based on its current 

In one embodiment , the UE selects common field based 40 power ramping result ( e.g. , ramping over threshold times or 
on highest priority of radio bearers having available data . threshold power , changing based on mapping table between 
For example , the UE has available data belonging to radio ramping steps and Msg3 start timing offset ) , based on UE 
bearer with priority 2 and priority 8 when the UE is priority provided from network or UE subscription ( e.g. , 
performing RA . The UE could select common field based on access class , etc. ) , or based on Msg3 contents ( e.g. , which 
whether priority 2 is over a threshold or not . 45 type control element could be included , BSR reporting for 

In one embodiment , the UE selects common field based which LCG or which RB / LC , data from which user plane 
on highest priority of logical channels having available data , protocol stock , data from which radio bearer , data from 
or based on which user plane protocol stock ( e.g. , URLLC which logical channel , ... ) . For example , if Msg3 could 
or eMBB type user plane protocol , protocol stock category / include data from a specific or a set of LC or RB ( e.g. , 
index 1 or 2 , ... ) performing the random access . 50 URLLC type RB , CCCH , ... ) , the UE could select Msg3 

Solution 3 — Broadcast Information . In Solution 3 , a UE start timing offset in the broadcast message related to the LC 
could derive Msg3 start timing offset for Msg3 transmission or RB based on the UE's configuration . As another example , 
through a broadcast message ( e.g. , system information ( s ) , if Msg3 could include a special control element / special 
MIB , etc. ) from a network ( e.g. , gNB , base station , TRP , message , the UE could select Msg3 start timing offset in the 
etc. ) . If multiple Msg3 start timing offsets for Msg3 trans- 55 broadcast message related to the special control element / 
mission are included in the broadcast message , a UE could message . Preferably , the UE will select another Msg3 start 
select one of them to apply to Msg3 transmission . timing offset if the Msg3 doesn't include the special control 

In one embodiment , the UE selects Msg3 start timing element and / or the special message ( e.g. , RRC message ) . 
offsets in the broadcast message based on its Msg1 trans- In one embodiment , the UE selects Msg3 start timing 
mission ( e.g. , preamble group set in RA configuration used 60 offset in the broadcast message based on highest priority of 
by Msg1 , PRACH resource set in RA configuration used by radio bearers having available data . For example , the UE has 
Msg1 , Msgl length or format , RA configuration used by available data belonging to radio bearer with priority 2 and 
Msg1 , etc. ) , or based on service types ( e.g. , URLLC , eMBB , priority 8 when the UE is performing RA . The UE could 
delay sensitive , ... ) . For example , if the UE triggers RA for select Msg3 start timing offset in the broadcast message 
transmitting a specific service type data ( e.g. , URLLC 65 based on whether priority 2 is over a threshold or not . 
service type ) , then the UE could select Msg3 start timing In one embodiment , the UE selects Msg3 start timing 
offset in the broadcast message for the specific service type . offset in the broadcast message based on highest priority of 
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logical channels having available data , or based on which protocol stock , data from which radio bearer , data from 
user plane protocol stock ( e.g. , URLLC or eMBB type user which logical channel , ... ) . For example , if Msg3 could 
plane protocol , protocol stock category / index 1 or 2 , ... ) include data from a specific ( set of ) LC or RB ( e.g. , URLLC 
performing the random access . type RB , CCCH , ... ) , the UE could select Msg3 start timing 

Solution 4 Dedicated message . In Solution 4 , a UE 5 offset in dedicated message related to the LC or RB based on 
could derive Msg3 start timing offset for Msg3 transmission the UE's configuration . As another example , if Msg3 could 
through a dedicated message ( e.g. , RRC reconfiguration include a special control element / special message , the UE 
message , paging message , PDCCH for initiating RA , ... ) could select Msg3 start timing offset in the dedicated mes 
from a network . If multiple Msg3 start timing offsets for sage related to the special control element / message . Prefer 
Msg3 transmission are ( implicitly or explicitly ) included in 10 ably , the UE will select another Msg3 start timing offset if 
the dedicated message , a UE could select one of them to the Msg3 doesn't include the special control element and / or 
apply to Msg3 transmission . the special message ( e.g. , RRC message ) . 

In one embodiment , the UE selects Msg3 start timing In one embodiment , the UE selects Msg3 start timing 
offset in dedicated message based on its Msg1 transmission offset in the dedicated message based on highest priority of 
( e.g. , preamble group set in RA configuration used by Msg1 , 15 radio bearers having available data . For example , the UE has 
PRACH resource set in RA configuration used by Msgl , available data belonging to radio bearer with priority 2 and 
Msg1 length or format , RA configuration used by Msg1 , priority 8 when the UE is performing RA . The UE could 
etc ) , or based on service types ( e.g. , URLLC , eMBB , delay select Msg3 start timing offset in dedicated message based 
sensitive , . . ) . For example , if the UE triggers RA for on whether priority 2 is over a threshold or not . 
transmitting a specific service type data ( e.g. , URLLC 20 In one embodiment , the UE selects Msg3 start timing 
service type ) , then the UE could select Msg3 start timing offset in the dedicated message based on highest priority of 
offset in dedicated message for the specific service type . logical channels having available data , or based on which 
Moreover , the UE may understand the data belonging to user plane protocol stock ( e.g. , URLLC or eMBB type user 
which service type based on a service type indication plane protocol , protocol stock category / index 1 or 2 , ... ) 
( similar to logical channel priority ) in configuration of 25 performing the random access . 
logical channel / RB having available data . The service type Solution 5 — Implicitly derive from Msg2 Transmission . 
indication may be used in multiplexing procedure . For In this solution , a UE could derive Msg3 start timing offset 
instance , the UE may not multiplex data with different for Msg3 transmission based on implicit information of 
service type indications into a TB for transmission . Alter- Msg2 . In one embodiment , a UE derives Msg3 start timing 
natively , the UE may understand the data belonging to which 30 offset based on start timing offset used by Msg2 . The Msg3 
service type based on header field of the data ( e.g. , RLC start timing offset of Msg3 transmission may be N times of 
header field , PDCP field ) ) , or based on delivering user plane start timing offset of Msg2 . N value can be integer or 
protocol type / category ( e.g. , category 1 maps to URLLC ) . decimal . The N value may be obtained by the UE based on 
As another example , if the UE triggers RA when the UE one or multiple solutions mentioned above . For example , the 

has registered / authorized for URLLC service type , the UE 35 UE may obtain the N value through the broadcast message 
could select Msg3 start timing offset in the dedicated mes- from a network . And the UE could overwrite the N value 
sage for URLLC service type . As a further example , if provided in the broadcast message , if the UE receives 
higher layer ( e.g. , NAS layer , application layer , RRC layer ) another N value in a dedicated message . 
in the UE sends a service indication to lower layer ( e.g. , In another embodiment , a UE derives Msg3 start timing 
MAC , PHY ) in the UE when the UE triggers and / or per- 40 offset based on frequency carrier used by Msg2 . Each 
forms RA , the UE could select Msg3 start timing offset in frequency carrier may have corresponding different Msg3 
the dedicated message based on the service type indicated by start timing offsets . The corresponding Msg3 start timing 
the service indication . offset may be predefined and / or provided through system 

In one embodiment , the UE selects Msg3 start timing information and / or dedicated RRC message . 
offset in the dedicated message based on random access 45 The Msg3 start timing offset can be derived through the 
purpose ( e.g. , request system information , paging , position- solution 1 to 5 mentioned above or combination of those 
ing , location update , control plane establishment , beam solutions , while Msg3 start timing offset and TTI informa 
recovery , etc. ) . And the random access purpose may be tion of Msg3 can apply the same or different solutions . The 
indicated by higher layer ( e.g. , NAS , RRC , application Msg3 start timing offset can be indicated in TTI duration , 
layer ) in the UE . 50 numerology , symbol , slot , microsecond , millisecond or N 

In one embodiment , the UE selects Msg3 start timing times of periodicity of periodic behavior . N can be an integer 
offset in the dedicated message based on potential Msg3 or a decimal number . 
size . For example , if the pending available data in the UE FIG . 12 is a flow chart 1200 according to one exemplary 
larger than a threshold when the UE is performing RA , the embodiment from the perspective of a UE . In step 1205 , the 
UE selects Msg3 start timing offset in the dedicated message 55 UE receives a dedicated message from a network to set a TTI 
for potential message size larger than the threshold . duration of Msg3 transmission and / or a start timing offset for 

In one embodiment , the UE selects Msg3 start timing Msg3 transmission . In step 1210 , the UE transmits a Msg1 
offset in the dedicated message based on its DL measure- to the network . In step 1215 , the UE receives a Msg2 from 
ment , based on connection establishment cause ( e.g. , emer- the network in response to the Msgl . In step 1220 , the UE 
gency call , mo - data , mt - data , ... ) , based on its current 60 transmits a Msg3 to the network according to the TTI 
power ramping result ( e.g. , ramping over threshold times or duration and / or the start timing offset . 
threshold power , changing based on mapping table between Referring back to FIGS . 3 and 4 , in one exemplary 
ramping steps and Msg3 start timing offset ) , based on UE embodiment of a UE , the device 300 includes a program 
priority provided from network or UE subscription ( e.g. , code 312 stored in the memory 310. The CPU 308 could 
access class , etc ) , or based on Msg3 contents ( e.g. , which 65 execute program code 312 to enable the UE ( i ) to receive a 
type control element could be included , BSR reporting for dedicated message from a network to set a TTI duration of 
which LCG or which RB / LC , data from which user plane Msg3 transmission and / or a start timing offset for Msg3 
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transmission , ( ii ) to transmit a Msgl to the network , ( iii ) to execute program code 312 to enable the UE ( i ) to transmit 
receive a Msg2 from the network in response to the Msgl , a Msg1 to a network , ( ii ) to receive a Msg2 from the network 
and ( iv ) to transmit a Msg3 to the network according to the in response to the Msg1 , and ( iii ) to transmit a Msg3 to the 
TTI duration and / or the start timing offset . Furthermore , the network according to a TTI duration of the Msg3 , wherein 
CPU 308 can execute the program code 312 to perform all 5 the TTI duration of the Msg3 is decided based on a TTI 
of the above - described actions and steps or others described duration of Msg2 . Furthermore , the CPU 308 can execute 
herein . the program code 312 to perform all of the above - described 

FIG . 13 is a flow chart 1300 according to one exemplary actions and steps or others described herein . 
embodiment from the perspective of a UE . In step 1305 , the FIG . 16 is a flow chart 1600 according to one exemplary 
UE receives a broadcast message from a network to set TTI 10 embodiment from the perspective of a UE . In step 1605 , the 
duration of Msg3 . In step 1310 , the UE transmits a Msg1 to UE receives a dedicated message from a network to set a 
the network . In step 1315 , the UE receives a Msg2 from the start timing offset for Msg3 transmission . In step 1610 , the 
network in response to the Msgl . In step 1320 , the UE UE transmits a Msgl to the network . In step 1615 , the UE 
transmits a Msg3 to the network according to the TTI receives a Msg2 from the network in response to the Msg1 . 
duration of Msg3 . 15 In step 1620 , the UE transmits a Msg3 to the network after 

Referring back to FIGS . 3 and 4 , in one exemplary the start timing offset passes from when the UE received the 
embodiment of a UE , the device 300 includes a program Msg2 . 
code 312 stored in the memory 310. The CPU 308 could Referring back to FIGS . 3 and 4 , in one exemplary 
execute program code 312 to enable the UE ( i ) to receive a embodiment of a UE , the device 300 includes a program 
broadcast message from a network to set TTI duration of 20 code 312 stored in the memory 310. The CPU 308 could 
Msg3 , ( ii ) to transmit a Msgl to the network , ( iii ) to receive execute program code 312 to enable the UE ( i ) to receive a 
a Msg2 from the network in response to the Msgl , and ( iv ) dedicated message from a network to set a start timing offset 
to transmit a Msg3 to the network according to the TTI for Msg3 transmission , ( ii ) to transmit a Msgl to the 
duration of Msg3 . Furthermore , the CPU 308 can execute network , ( iii ) to receive a Msg2 from the network in 
the program code 312 to perform all of the above - described 25 response to the Msgl , and ( iv ) to transmit a Msg3 to the 
actions and steps or others described herein . network after the start timing offset passes from when the 
FIG . 14 is a flow chart 1400 according to one exemplary UE received the Msg2 . Furthermore , the CPU 308 can 

embodiment from the perspective of a UE . In step 1405 , the execute the program code 312 to perform all of the above 
UE transmits a preamble to a network . In step 1410 , the UE described actions and steps or others described herein . 
receives a Msg2 from the network in response to the Msgl , 30 FIG . 17 is a flow chart 1700 according to one exemplary 
wherein the Msg2 contains a TTI information of Msg3 embodiment from the perspective of a UE . In step 1705 , the 
transmission and / or a start timing offset of Msg3 transmis- UE receives a broadcast message from a network to set a 
sion . In one embo the TTI information of Msg3 start timing offset for Msg3 transmission . In step 1710 , the 
transmission is indicated in a common field for multiple UE transmits a Msg1 to the network . In step 1715 , the UE 
RARs in the Msg2 . In another embodiment , the TTI infor- 35 receives a Msg2 from the network in response to the Msgl . 
mation of Msg3 is indicated in a RAR in response to the In step 1720 , the UE transmits a Msg3 to the network after 
Msgl transmission . In one embodiment , the start timing the start timing offset passes from when the UE received the 
offset of Msg3 is indicated in a common field for multiple Msg2 
RARs in the Msg2 . In another embodiment , the start timing Referring back to FIGS . 3 and 4 , in one exemplary 
offset of Msg3 is indicated in a RAR in response to the Msgl 40 embodiment of a UE , the device 300 includes a program 
transmission . In step 1415 , the UE transmits a Msg3 to the code 312 stored in the memory 310. The CPU 308 could 
network according to the TTI information of Msg3 and / or execute program code 312 to enable the UE ( i ) to receive a 
the start timing offset of Msg3 . broadcast message from a network to set a start timing offset 

Referring back to FIGS . 3 and 4 , in one exemplary for Msg3 transmission , ( ii ) to transmit a Msgl to the 
embodiment of a UE , the device 300 includes a program 45 network , ( iii ) to receive a Msg2 from the network in 
code 312 stored in the memory 310. The CPU 308 could response to the Msgl , and ( iv ) to transmit a Msg3 to the 
execute program code 312 to enable the UE ( i ) to transmit network after the start timing offset passes from when the 
a preamble to a network , ( ii ) to receive a Msg2 from the UE received the Msg2 . Furthermore , the CPU 308 can 
network in response to the preamble , wherein the Msg2 execute the program code 312 to perform all of the above 
contains a TTI duration of Msg3 transmission and / or a start 50 described actions and steps or others described herein . 
timing offset of Msg3 transmission , and ( iii ) to perform a FIG . 18 is a flow chart 1800 according to one exemplary 
Msg3 transmission to the network according to the TTI embodiment from the perspective of a UE . In step 1805 , the 
information of Msg3 and / or the start timing offset of Msg3 . UE transmits a Msg1 to the network . In step 1810 , the UE 
Furthermore , the CPU 308 can execute the program code receives a Msg2 from the network in response to the Msgl , 
312 to perform all of the above - described actions and steps 55 wherein the Msg2 contains a start timing offset for Msg3 
or others described herein . transmission . In step 1815 , the UE transmits a Msg3 to the 
FIG . 15 is a flow chart 1500 according to one exemplary network after the start timing offset passes from when the 

embodiment from the perspective of a UE . In step 1505 , the UE received the Msg2 . 
UE transmits a Msg1 to a network . In step 1510 , the UE Referring back to FIGS . 3 and 4 , in one exemplary 
receives a Msg2 from the network in response to the Msgl . 60 embodiment of a UE , the device 300 includes a program 
In step 1515 , the UE transmits a Msg3 to the network code 312 stored in the memory 310. The CPU 308 could 
according to a TTI duration of the Msg3 , wherein the TTI execute program code 312 to enable the UE ( i ) to transmit 
duration of the Msg3 is decided based on a TTI duration of a Msg1 to the network , ( iii ) to receive a Msg2 from the 
Msg2 . network in response to the Msg1 , ( ii ) to receive a Msg2 from 

Referring back to FIGS . 3 and 4 , in one exemplary 65 the network in response to the Msg1 , wherein the Msg2 
embodiment of a UE , the device 300 includes a program contains a start timing offset for Msg3 transmission , and ( iii ) 
code 312 stored in the memory 310. The CPU 308 could to transmit a Msg3 to the network after the start timing offset 
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passes from when the UE received the Msg2 . Furthermore , instructions , commands , information , signals , bits , symbols , 
the CPU 308 can execute the program code 312 to perform and chips that may be referenced throughout the above 
all of the above - described actions and steps or others description may be represented by voltages , currents , elec 
described herein . tromagnetic waves , magnetic fields or particles , optical 
FIG . 19 is a flow chart 1900 according to one exemplary 5 fields or particles , or any combination thereof . 

embodiment from the perspective of a UE . In step 1905 , the Those of skill would further appreciate that the various 
UE receives a message from a network , wherein the message illustrative logical blocks , modules , processors , means , cir 
includes a TTI information of Msg3 . In step 1910 , the UE cuits , and algorithm steps described in connection with the 
transmits a preamble to a network . In step 1915 , the UE aspects disclosed herein may be implemented as electronic 
receives a Msg2 from the network in response to the 10 hardware ( e.g. , a digital implementation , an analog imple 
preamble . In one embodiment , the TTI information of Msg3 mentation , or a combination of the two , which may be 
is indicated in a common field for multiple RARs in the designed using source coding or some other technique ) , 
Msg2 . In another embodiment , the TTI information of Msg3 various forms of program or design code incorporating 
is indicated in a RAR in response to the Msgl transmission . instructions ( which may be referred to herein , for conve 
In step 1915 , the UE performs a Msg3 transmission to the 15 nience , as “ software ” or a “ software module ” ) , or combi 
network according to the TTI information of Msg3 . nations of both . To clearly illustrate this interchangeability 

Referring back to FIGS . 3 and 4 , in one exemplary of hardware and software , various illustrative components , 
embodiment of a UE , the device 300 includes a program blocks , modules , circuits , and steps have been described 
code 312 stored in the memory 310. The CPU 308 could above generally in terms of their functionality . Whether such 
execute program code 312 to enable the UE ( i ) to receive a 20 functionality is implemented as hardware or software 
message from a network , wherein the message includes a depends upon the particular application and design con 
TTI information of Msg3 , ( ii ) to transmit a preamble to a straints imposed on the overall system . Skilled artisans may 
network , ( ii ) to receive a Msg2 from the network in response implement the described functionality in varying ways for 
to the preamble , and ( iii ) to perform a Msg3 transmission to each particular application , but such implementation deci 
the network according to the TTI information of Msg3 . 25 sions should not be interpreted as causing a departure from 
Furthermore , the CPU 308 can execute the program code the scope of the present disclosure . 
312 to perform all of the above - described actions and steps In addition , the various illustrative logical blocks , mod 
or others described herein . ules , and circuits described in connection with the aspects 

With respect to the embodiments illustrated in FIGS . 12 disclosed herein may be implemented within or performed 
through 19 and discussed above , in one embodiment , the UE 30 by an integrated circuit ( “ IC ” ) , an access terminal , or an 
selects a TTI information of Msg3 if there are multiple TTI access point . The IC may comprise a general purpose 
information of Msg3 in the dedicated message , the broadcast processor , a digital signal processor ( DSP ) , an application 
message , or the Msg2 . Furti ore , the TTI information of specific integrated circuit ( ASIC ) , a field programmable gate 
Msg3 could be included in a RAR in response to Msgl or in array ( FPGA ) or other programmable logic device , discrete 
a common field for multiple RARs in a Msg2 . 35 gate or transistor logic , discrete hardware components , elec 

In one embodiment , the UE selects a TTI information of trical components , optical components , mechanical compo 
Msg3 if there are multiple start timing offsets for Msg3 nents , or any combination thereof designed to perform the 
transmission in the dedicated message , the broadcast mes- functions described herein , and may execute codes or 
sage , or the Msg2 . Furthermore , the start timing offset of instructions that reside within the IC , outside of the IC , or 
Msg3 could be included in a RAR in response to Msgl or in 40 both . A general purpose processor may be a microprocessor , 
a common field for multiple RARs in a Msg2 . but in the alternative , the processor may be any conventional 

Various aspects of the disclosure have been described processor , controller , microcontroller , or state machine . A 
above . It should be apparent that the teachings herein may processor may also be implemented as a combination of 
be embodied in a wide variety of forms and that any specific computing devices , e.g. , a combination of a DSP and a 
structure , function , or both being disclosed herein is merely 45 microprocessor , a plurality of microprocessors , one or more 
representative . Based on the teachings herein one skilled in microprocessors in conjunction with a DSP core , or any 
the art should appreciate that an aspect disclosed herein may other such configuration . 
be implemented independently of any other aspects and that It is understood that any specific order or hierarchy of 
two or more of these aspects may be combined in various steps in any disclosed process is an example of a sample 
ways . For example , an apparatus may be implemented or a 50 approach . Based upon design preferences , it is understood 
method may be practiced using any number of the aspects that the specific order or hierarchy of steps in the processes 
set forth herein . In addition , such an apparatus may be may be rearranged while remaining within the scope of the 
implemented or such a method may be practiced using other present disclosure . The accompanying method claims pres 
structure , functionality , or structure and functionality in ent elements of the various steps in a sample order , and are 
addition to or other than one or more of the aspects set forth 55 not meant to be limited to the specific order or hierarchy 
herein . As an example of some of the above concepts , in presented . 
some aspects concurrent channels may be established based The steps of a method or algorithm described in connec 
on pulse repetition frequencies . In some aspects concurrent tion with the aspects disclosed herein may be embodied 
channels may be established based on pulse position or directly in hardware , in a software module executed by a 
offsets . In some aspects concurrent channels may be estab- 60 processor , or in a combination of the two . A software module 
lished based on time hopping sequences . In some aspects ( e.g. , including executable instructions and related data ) and 
concurrent channels may be established based on pulse other data may reside in a data memory such as RAM 
repetition frequencies , pulse positions or offsets , and time memory , flash memory , ROM memory , EPROM memory , 
hopping sequences . EEPROM memory , registers , a hard disk , a removable disk , 

Those of skill in the art would understand that information 65 a CD - ROM , or any other form of computer - readable storage 
and signals may be represented using any of a variety of medium known in the art . A sample storage medium may be 
different technologies and techniques . For example , data , coupled to a machine such as , for example , a computer / 
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processor ( which may be referred to herein , for convenience , 6. The method of claim 1 , wherein the TTI information of 
as a “ processor ” ) such the processor can read information the Msg3 is included in a common field for multiple RARs 
( e.g. , code ) from and write information to the storage in the Msg2 . 
medium . A sample storage medium may be integral to the 7. The method of claim 1 , wherein the Msg2 is a random 
processor . The processor and the storage medium may reside 5 access response . 
in an ASIC . The ASIC may reside in user equipment . In the 8. A User Equipment ( UE ) , comprising : 
alternative , the processor and the storage medium may a control circuit ; 
reside as discrete components in user equipment . Moreover , a processor installed in the control circuit ; and 
in some aspects any suitable computer - program product may a memory installed in the control circuit and operatively 

coupled to the processor ; comprise a computer - readable medium comprising codes 10 wherein the processor is configured to execute a program relating to one or more of the aspects of the disclosure . In code stored in the memory to : some aspects a computer program product may comprise transmit a preamble to a network ; packaging materials . receive a Msg2 containing a TTI ( Transmission Time While the invention has been described in connection Interval ) information of a Msg3 , associated with with various aspects , it could be understood that the inven- 15 uplink , from the network in response to the pre tion is capable of further modifications . This application is amble , wherein the TTI information , contained in the intended to cover any variations , uses or adaptation of the Msg2 , of the Msg3 , associated with uplink , includes invention following , in general , the principles of the inven a TTI duration of the Msg3 , associated with uplink , tion , and including such departures from the present disclo and a start timing offset of the Msg3 , associated with sure as come within the known and customary practice 20 uplink ; and 
within the art to which the invention pertains . perform a single ( TB ) transport block of Msg3 transmis 

The invention claimed is : sion to the network according to the TTI information of 
1. A method of a UE ( User Equipment ) for performing the Msg3 . 

random access procedure , comprising : 9. The UE of claim 8 , wherein the processor is further 
the UE transmits a preamble to a network ; configured to execute the program code stored in the 
the UE receives a Msg2 containing a TTI ( Transmission memory to : 

Timer Interval ) information of a Msg3 , associated with select the TTI information of the Msg3 based on random 
uplink , from the network in response to the preamble , access purpose , if there are multiple TTI information of 

the Msg3 in the Msg2 . wherein the TTI information , contained in the Msg2 , of 10. The UE of claim 8 , wherein the processor is further the Msg3 , associated with uplink , includes a TTI dura 
tion of the Msg3 , associated with uplink , and a start configured to execute the program code stored in the 
timing offset of the Msg3 , associated with uplink ; and memory to : 

select the TTI information of the Msg3 based on a the UE performs a single ( TB ) transport block of Msg3 
transmission to the network according to the TTI infor PRACH ( Physical Random Access Channel ) resource 
mation of the Msg3 . set of the preamble or a preamble set of the preamble 

2. The method of claim 1 , further comprising : transmission , if there are multiple TTI information of 
the UE selects the TTI information of the Msg3 based on the Msg3 in the Msg2 . 
random access purpose , if there are multiple TTI infor 11. The UE of claim 8 , wherein the processor is further 
mation of the Msg3 in the Msg2 . configured to execute the program code stored in the 

3. The method of claim 1 , further comprising : memory to : 
the UE selects the TTI information of the Msg3 based on select the TTI information of the Msg3 based on highest 

a PRACH ( Physical Random Access Channel ) resource priority of logical channel having available data , if 
set of the preamble transmission or a preamble set of there are multiple TTI information of the Msg3 in the 
the preamble transmission , if there are multiple TTI Msg2 . 
information of the Msg3 in the Msg2 . 12. The UE of claim 8 , wherein the TTI information of the 

4. The method of claim 1 , further comprising : Msg3 is included in a RAR ( Random Access Response ) for 
the UE selects the TTI information of the Msg3 based on responding the preamble . 

13. The UE of claim 8 , wherein the TTI information of the highest priority of logical channel having data available 
for transmission , if there are multiple TTI information Msg3 is included in a common field for multiple RARs in 

the Msg2 . of the Msg3 in the Msg2 . 
5. The method of claim 1 , wherein the TTI information of 14. The UE of claim 8 , wherein the Msg2 is a random 

access response . the Msg3 is included in a RAR ( Random Access Response ) 
for responding the preamble . 
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