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5.1.4.1.2 Bit collection, selection and transmission

The circular buffer of length K, =3K; for the r-th coded block is generated as follows:
w, =v fork=0,..., Ky -1
Wy o =V fork=0,..., Ky -1
Wy, +2k+1 _vk fork=0,..., K -1

Denote the soft buffer size for the transport block by Nir bits and the soft buffer size for the r-th code block by N, bits.
The size N, is obtained as follows, where C is the number of code blocks computed in section 5.1.2:

-Ngp, =min @%J KWJ for DL-SCH and PCH transport channels
- Ng, =Ky, for UL-SCH and MCH transport channels

where Nir is equal to:

Nsoft
NIR = -
Kc ' KMIMO ’ mm(M DL_HARQ?’ Mlimit)
where:

If the UE signals ue-Category-v1020, and is configured with transmission mode 9 or transmission mode 10 for the DL
cell, Nyt is the total number of soft channel bits [4] according to the UE category indicated by ue-Category-v1020 [6].
Otherwise, Nso is the total number of soft channel bits [4] according to the UE category indicated by ue-Category
(without suffix) [6].

If Neost = 35982720,
Kc= 5,

elseif Nsort = 3654144 and the UE is capable of supporting no more than a maximum of two spatial layers for the DL
cell,

Ke =2
else

Ke =1
End if.

Kmivo is equal to 2 if the UE is configured to receive PDSCH transmissions based on transmission modes 3, 4, 8, 9 or
10 as defined in section 7.1 of [3], and is equal to 1 otherwise.

Feiemnee—uum:eenﬁgmau%enhe—seﬂﬂngﬂeeu—@%heﬂmse—Mm HARQ IS the maximum number of DL HARQ

processes as defined in section 7 of [3].

Miimit iS @ constant equal to 8.

Denoting by E the rate matching output sequence length for the r-th coded block, and rvig the redundancy version
number for this transmission (rviex = 0, 1, 2 or 3), the rate matching output bit sequence is e, , k=0,1,..., E-1.

Define by G the total number of bits available for the transmission of one transport block.

SetG' =G/(N, -Q,,) where Qn is equal to 2 for QPSK, 4 for 16QAM and 6 for 64QAM, and where
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- For transmit diversity:
- Npisequal to 2,
- Otherwise:
- N is equal to the number of layers a transport block is mapped onto

Set y =G'mod C, where C is the number of code blocks computed in section 5.1.2.
ifr<C-y-1
setE=N_-Q,-|G'/C]
else
setE=N,_-Q,-[G'/C]
end if

TC

N
Setk, = RIU%bIOCk.[Z.{W—wa Vg + ZJ , where RI$, 0ck IS the number of rows defined in section 5.1.4.1.1.
subblock

Setk=0andj=0

while {k<E}

i Wi+ jymodng, #< NULL >

€k = Wkg+j)modNg,
k=k+1
end if
j=j+1
end while
5.2.2.6 Channel coding of control information
Control data arrives at the coding unit in the form of channel quality information (CQI and/or PMI), HARQ-ACK and
rank indication. Different coding rates for the control information are achieved by allocating different number of coded

symbols for its transmission. When control data are transmitted in the PUSCH, the channel coding for HARQ-ACK,
rank indication and channel quality information 0g,0;,0,,...,00_ is done independently.

For the cases with TDD primary cell, the number of HARQ-ACK bits is determined as described in section 7.3 of [3].

When the UE transmits HARQ-ACK bits or rank indicator bits, it shall determine the number of coded modulation
symbols per layer Q" for HARQ-ACK or rank indicator as follows.

For the case when only one transport block is transmitted in the PUSCH conveying the HARQ-ACK bits or rank

indicator bits:

PUSCH-initial PUSCH-initial PUSCH
O-M sc ' Nsymb ' ﬂoffset 4.M PUSCH
» T Vs

Cc-1
2K
r=0

Q' =min
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where O is the number of HARQ-ACK bits or rank indicator bits, M2Y5*" is the scheduled bandwidth for PUSCH
transmission in the current sub-frame for the transport block, expressed as a number of subcarriers in [2], and

N sz,lrbeH nitialis the number of SC-FDMA symbols per subframe for initial PUSCH transmission for the same transport
block, respectively, given by N&oscH- ! (2 (Nsymb 1)— NSRS), where N is equal to 1 if UE transmits PUSCH

and SRS in the same subframe for initial transmission, or if the PUSCH resource allocation for initial transmission even
partially overlaps with the cell-specific SRS subframe and bandwidth configuration defined in section 5.5.3 of [2], or if
the subframe for initial transmission is a UE-specific type-1 SRS subframe as defined in Section 8.2 of [3], or if the
subframe for initial transmission is a UE-specific type-0 SRS subframe as defined in section 8.2 of [3] and the UE is

configured with multiple TAGs. Otherwise N ¢q¢ is equal to 0. M 2USCH-ntal "C "and K are obtained from the
initial PDCCH or EPDCCH for the same transport block. If there is no initial PDCCH or EPDCCH with DCI format 0
for the same transport block, M 2USCH-nitial “C “and K, shall be determined from:

— the most recent semi-persistent scheduling assignment PDCCH or EPDCCH, when the initial PUSCH for the
same transport block is semi-persistently scheduled, or,

- the random access response grant for the same transport block, when the PUSCH is initiated by the random
access response grant.

For the case when two transport blocks are transmitted in the PUSCH conveying the HARQ-ACK bits or rank indicator
bits:

Q' = max(min (Qip 4-MEUSCH ) Qrya | with

0. MPUSCH initial(1) NPUSCH initial(1) MPUSCH initial(2) NPUSCH initial(2) ﬁPUSCH

Q symb
temp=| '~(1) c@_
@ PUSCH initial(2) PUSCH-initial(2) (2) PUSCH initial(1) PUSCH-initial(1)
> KP M Ngmp + ZK, ‘M| Ngmp
r=0 r=0

where O is the number of HARQ-ACK bits or rank indicator bits, Q(;, =O if 0<2,Q};, =[20/Q,, | if 3<0<11
with Q/, = min (ern,Qr%) where QX,x = {1,2} is the modulation order of transport block “x”, and

Qmin =120, /1Q}, |+]20,/Q;, | if 0>11 with O, =[0/2] and O, =0 —[0/2]. MEVSCHNIAI) 'y _ 11 71 are the
scheduled bandwidths for PUSCH transmission in the initial sub-frame for the first and second transport block,

respectively, expressed as a number of subcarriers in [2], and N 2" nital) v — £1,2} are the number of SC-FDMA

symbols per subframe for initial PUSCH transmission for the first and second transport block given by
N PUSCH-inital(x) _

symb (2 (Nsymb l)— NSL ) x ={1,2}, where N{%,x={L2} isequal to 1 if UE transmits PUSCH and
SRS in the same subframe for initial transmission of transport block “x”, or if the PUSCH resource allocation for initial
transmission of transport bock “x” even partially overlaps with the cell-specific SRS subframe and bandwidth
configuration defined in section 5.5.3 of [2] , or if the subframe for initial transmission of transport block “x” is a UE-
specific type-1 SRS subframe as defined in Section 8.2 of [3], or if the subframe for initial transmission of transport
block “x” is a UE-specific type-0 SRS subframe as defined in section 8.2 of [3] and the UE is configured with multiple

TAGs. Otherwise N, x ={L,2} is equal to 0. M QUSCHANIEI00 s — ;1 53 0w =012}, and KX, x={1,2} are
obtained from the initial PDCCH or EPDCCH for the corresponding transport block.

For HARQ-ACK, Qcx = Qp - Q' and Bl = Birad ", where Q,, is the modulation order of a given

offset

transport block, and ﬂ;f'f/:;(}ACK shall be determined according to [3] depending on the number of transmission

codewords for the corresponding PUSCH.

For rank indication, Qg, = Q,, - Q" and Bime ' = B, where Q.. is the modulation order of a given transport

block, and ﬂoffset shall be determined according to [3] depending on the number of transmission codewords for the

corresponding PUSCH, and on the uplink power control subframe set for the corresponding PUSCH when two uplink
power control subframe sets are configured by higher layers for the cell.
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For HARQ-ACK

—  Each positive acknowledgement (ACK) is encoded as a binary ‘1’ and each negative acknowledgement
(NACK) is encoded as a binary ‘0’

~  If HARQ-ACK feedback consists of 1-bit of information, i.e., [0, ], it is first encoded according to Table
5.2.2.6-1.

— If HARQ-ACK feedback consists of 2-bits of information, i.e., [oACK ACK] with O(fCK corresponding to

HARQ-ACK bit for codeword 0 and 0l correspondlng to that for codeword 1, or if HARQ-ACK feedback

consists of 2-bits of information as a result of the aggregation of HARQ-ACK bits corresponding to two DL
cells with which the UE is configured by higher layers, or if HARQ-ACK feedback consists of 2-bits of
information corresponding to two DL subframes for TDD, it is first encoded according to Table 5.2.2.6-2
where 07 = (0f'°* +0/**)mod 2.

Table 5.2.2.6-1: Encoding of 1-bit HARQ-ACK.

Qm Encoded HARQ-ACK
2 [OACK y]

4 07 yxx]

6 [0 y xxxx]

Table 5.2.2.6-2: Encoding of 2-bit HARQ-ACK.

Qm Encoded HARQ-ACK
2 [0 ACK ACK ACK ACK ACK ACK]
2 0 1 2
4 [OACK XX oéACK OOACK XXO1ACK 0§CK XX]
6 ACK _ACK ACK _ ACK ACK . ACK
[0y 0" XXXX 05,77 0™ XXXX 07 05" XXXX]

- If HARQ-ACK feedback consists of 3<O” <11 bits of information as a result of the aggregation of HARQ-

ACK bits corresponding to one or more DL cells with which the UE is configured by higher layers, i.e.,
ACK . ACK ACK

0p " 07 “",...,055ck _,, then a coded bit sequence g\ g K ..., 041 is obtained by using the bit sequence
o@CK olACK,. . og,f'é,( a8 the input to the channel coding block described in section 5.2.2.6.4. In turn, the bit
sequence qé\CK,qlACK , qrfCK, ,qéng_l is obtained by the circular repetition of the bit sequence
~ ACK ~ ACK ~ ACK

Qg O; — ,....0s1 SO that the total bit sequence length is equal to Qack -

- If HARQ-ACK feedback consists of 11<0A <20-11<O”%K <21 bits of information as a result of the

aggregation of HARQ-ACK bits corresponding to one or more DL cells with which the UE is configured by

: . ACK  ACK ACK ACK ACK ~ACK ACK
higher layers, i.e.,, 0" 0/ . 1 OJACK 4 » then the coded bit sequence (, ~,0;, .0, . ¢

obtained by using the bit sequence 0ACK olACK,. .,OQECKK_I as the input to the channel coding block described

in section 5.2.2.6.5.

The “x” and “y” in Table 5.2.2.6-1 and 5.2.2.6-2 are placeholders for [2] to scramble the HARQ-ACK bits in a way that
maximizes the Euclidean distance of the modulation symbols carrying HARQ-ACK information.

For FDD or TDD HARQ-ACK multiplexing or the aggregation of more than one DL cell including at least one cell

using FDD and at least one cell using TDD when HARQ-ACK consists of one or two bits of information, the bit

sequence do ", a1, q5'"..., a7 4 is obtained by concatenation of multiple encoded HARQ-ACK blocks where
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Qnack is the total number of coded bits for all the encoded HARQ-ACK blocks. The last concatenation of the encoded
HARQ-ACK block may be partial so that the total bit sequence length is equal to Qack -

For FDD when HARQ ACK consists of 2 or more bits of information as a result of the aggregation of more than one
DL cell, the bit sequence 0K 0/*°K ..., og%,( , Is the result of the concatenation of HARQ-ACK bits for the multiple

DL cells according to the following pseudo-code:

Set ¢ = 0 — cell index: lower indices correspond to lower RRC indices of corresponding cell
Set j = 0 — HARQ-ACK bit index

Set N PL_ to the number of cells configured by higher layers for the UE

cells

while ¢ < N Qjis

if transmission mode configured in cell ¢ €{1,2,5,6,7} — 1 bit HARQ-ACK feedback for this cell

0% = HARQ-ACK bit of this cell

i=j+1
else

0% = HARQ-ACK bit corresponding to the first codeword of this cell

j=i+1

ACK

0]

= HARQ-ACK bit corresponding to the second codeword of this cell
j=j+1
end if
c=c+1
end while

For the aggregation of more than one DL cell including a primary cell using FDD and at least one secondary cell using

TDD, the bit sequence 07 0/*..., OQ%K _, is the result of the concatenation of HARQ-ACK bits for one or multiple

DL cells. Define N 2fis_as the number of cells configured by higher layers for the UE and BCD" as the number of

subframes for which the UE needs to feed back HARQ-ACK bits in UL subframe n for the c-th serving cell. For a cell
using TDD, the subframes are determined by the DL-reference UL/DL configuration if the UE is configured with
higher layer parameter eimta-HargReferenceConfig, and determined by the UL/DL configuration otherwise. For a cell

using TDD BCD" =1 if subframe n-4 in the cell is a DL subframe or a special subframe with special subframe

configurations 1/2/3/4/6/7/8/9 and normal downlink CP or a special subframe with special subframe configurations
1/2/3/5/6/7 and extended downlink CP, and B> =0 otherwise. For a cell using FDD, B> =1,

The bit sequence o(f\CK olACK yooes ngcﬁ_l is performed according to the following pseudo-code:

Set ¢ = 0 — cell index: lower indices correspond to lower RRC indices of corresponding cell

Set j = 0 — HARQ-ACK bit index

while c < N 25,

if BCDL :1
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if transmission mode configured in cell ¢ €{1,2,5,6,7} — 1 bit HARQ-ACK feedback for this cell

0% = HARQ-ACK bit of this cell

ji=j+1

else

ACK

0j

= HARQ-ACK bhit corresponding to the first codeword of this cell

j=j+1

ACK

0j = HARQ-ACK bit corresponding to the second codeword of this cell

j=j+1

end if
end if
c=c+1
end while

For the cases with TDD primary cell when HARQ--ACK is for the aggregation of one or more DL cells and the UE is

configured with PUCCH Format 3 [3], the bit sequence 0y'“¥ 0/*°¥,..., OQ%K , is the result of the concatenation of

HARQ-ACK bits for the one or more -DL cells configured by higher layers and the multiple subframes as defined in
[3]-

Define Nc'zjhs as the number of cells configured by higher layers for the UE and BCDL as the number of downlink

subframes for which the UE needs to feed back HARQ-ACK bits as defined in Section 7.3 of [3].
The number of HARQ-ACK bits for the UE to convey if it is configured with PUCCH Format 3 is computed as follows:
Set k = 0 — counter of HARQ-ACK bits

Set ¢=0 — cell index: lower indices correspond to lower RRC indices of corresponding cell

DL

while ¢ < N i

set1=0;
while I < B>

if transmission mode configured in cell ¢ €{1,2,5,6,7} -- 1 bit HARQ-ACK feedback for this cell
k=k+1
else
k=k+2
end if
I=1+1
end while
c=c+1

end while
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Ifk < 20.when TDD is used in all the configured serving cell(s) of the UE, or if k < 21 when FDD is used in at least
one of the configured serving cells with TDD primary cell, the multiplexing of HARQ-ACK bits is performed
according to the following pseudo-code:

Set ¢ = 0 — cell index: lower indices correspond to lower RRC indices of corresponding cell
Set j = 0 — HARQ-ACK bit index
while ¢ < N Qjis

setl=0;

while I < B2

if transmission mode configured in cell ¢ €{1,2,5,6,7} -- 1 bit HARQ-ACK feedback for this cell

0,/ =0/ HARQ-ACK bit of this cell as defined in Section 7.3 of [3]

i=i+1
else
[0; AcK J’i(f'(] [025,025+.] HARQ-ACK bits of this cell as defined in Section 7.3 of [3]
j=j+2
end if
I=1+1
end while
c=c+1
end while

If kK > 20 when TDD is used in all the configured serving cell(s) of the UE, or if k > 21 when FDD is used in at least
one of the configured serving cells with TDD primary cell, spatial bundling is applied to all subframes in all cells and
the multiplexing of HARQ-ACK bits is performed according to the following pseudo-code

Set ¢ = 0 — cell index: lower indices correspond to lower RRC indices of corresponding cell
Set j = 0 — HARQ-ACK bit index
while ¢ < N Qi

set1=0;

while I < B

if transmission mode configured in cell ¢ €{1,2,5,6,7} — 1 bit HARQ-ACK feedback for this cell

GjACK ACK HARQ-ACK bit of this cell as defined in Section 7.3 of [3]

i=j+1
else

6{* = 0ACK binary AND operation of the HARQ-ACK bits corresponding to the first and second

codewords of this cell as defined in Section 7.3 of [3]

j=j+1
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end if

I=1+1
end while
c=c+1
end while
For 0" <11, the bit sequence 05" of'™*,..., 0255 | is obtained by setting 0/ =6
For-11<0"* <20 11< 0" <21, the bit sequence 05 0™ ..., 0255 is obtained by setting 0,5 =6/ ifi
is even and oK =0 if i is odd.

(0" /2] +(i-1)/2 i

For the cases with TDD primary cell when HARQ--ACK is for the aggregation of two DL cells and the UE is

configured with PUCCH format 1b with channel selection, the bit sequence 0K 0{*°¥ ..., OQ%K , s obtained as

described in section 7.3 of [3].

For TDD HARQ-ACK bundling, a bit sequence g, g, g, ,...,G&if_l is obtained by concatenation of

multiple encoded HARQ-ACK blocks where Q¢ is the total number of coded bits for all the encoded HARQ-ACK
blocks. The last concatenation of the encoded HARQ-ACK block may be partial so that the total bit sequence length is

equal to Qacx - A scrambling sequence [Wé*CK wi WK W3ACK] is then selected from Table 5.2.2.6-A with index

i = (Nyyngies —1)mod 4, where N, .4 is determined as described in section 7.3 of [3]. The bit sequence

a6, a5 ... adCr 4 is then generated by setting m =1 if HARQ-ACK consists of 1-bitand m =3 if

HARQ-ACK consists of 2-bits and then scrambling <, g, q, " ,...,ﬁ(i\ccffl as follows
Seti ,ktoO
while i <Qucx
if aiACK =y /I place-holder repetition bit
a7 = (@ + i Jmod 2
k=(k+1)mod4m
else
if §°““ =X //aplace-holder bit

ACK _ ~ACK
i =

q qi

else // coded bit
g K = (“‘iACK n w@?rﬁj)mod 2
k =(k +1)mod4m

end if

i=i+1

end while
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Table 5.2.2.6-A: Scrambling sequence selection for TDD HARQ-ACK bundling.

WO Wl W2 W3
[1111]
[1010]

[1100]
[100 1]

i [ ACK  » ACK, » ACK ACK]

WIN|F|O

When HARQ-ACK information is to be multiplexed with UL-SCH at a given PUSCH, the HARQ-ACK information is
multiplexed in all layers of all transport blocks of that PUSCH, For a given transport block, the vector sequence output

of the channel coding for HARQ-ACK information is denoted by qg\CK, qlACK,..., qg,CK .+ Where inCK ,
- - —~ACK ™ -

i=0,..,Qucx —1 are column vectors of length (Q,, - N, ) and where Qe =Qack / Qy is Obtained as follows:

Seti,ktoO

while i <Qacx

G, =[a"* ..a/2g< 1] -- temporary row vector
—
QSCK = [Q:CK ~~~g:CK]T -- replicating the row vector ngK NL times and transposing into a column vector
i=i+Qp,
k=k+1
end while

where N, is the number of layers onto which the UL-SCH transport block is mapped.

For rank indication (R1) (RI only, joint report of Rl and i1, and joint report of Rl and PTI)

— The corresponding bit widths for RI feedback for PDSCH transmissions are given by Tables 5.2.2.6.1-2,
5.2.2.6.2-3,5.2.2.6.3-3,5.2.3.3.1-3, 5.2.3.3.1-3A, 5.2.3.3.2-4, and 5.2.3.3.2-4A, which are determined
assuming the maximum number of layers as follows:

o If the UE is configured with transmission mode 9, and the supportedMIMO-CapabilityDL-r10 field is
included in the UE-EUTRA-Capability, the maximum number of layers is determined according to the
minimum of the configured number of CSI-RS ports and the maximum of the reported UE downlink
MIMO capabilities for the same band in the corresponding band combination.

o If the UE is configured with transmission mode 9, and the supportedMIMO-CapabilityDL-r10 field is
not included in the UE-EUTRA-Capability, the maximum number of layers is determined according
to the minimum of the configured number of CSI-RS ports and ue-Category (without suffix).

o If the UE is configured with transmission mode 10, and the supportedMIMO-CapabilityDL-r10 field
is included in the UE-EUTRA-Capability, the maximum number of layers for each CSI process is
determined according to the minimum of the configured number of CSI-RS ports for that CSI process
and the maximum of the reported UE downlink MIMO capabilities for the same band in the
corresponding band combination.

o If the UE is configured with transmission mode 10, and the supportedMIMO-CapabilityDL-r10 field
is not included in the UE-EUTRA-Capability, the maximum number of layers for each CSI process is
determined according to the minimum of the configured number of CSI-RS ports for that CSI process
and ue-Category (without suffix).

o Otherwise the maximum number of layers is determined according to the minimum of the number of
PBCH antenna ports and ue-Category (without suffix).

— If RI feedback consists of 1-bit of information, i.e., [05el ], itis first encoded according to Table 5.2.2.6-3. The

[05el ] to RI mapping is given by Table 5.2.2.6-5.
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— If RI feedback consists of 2-bits of information, i.e., [ogI olR' ] with Og“ corresponding to MSB of 2-bit input
and 01RI corresponding to LSB, it is first encoded according to Table 5.2.2.6-4 where

of' = (0 +of'ymod 2. The [of' of' ] to RI mapping is given by Table 5.2.2.6-6.

Table 5.2.2.6-3: Encoding of 1-bit RI.

Qm Encoded RI
2 [o5' V]

4 [o5' yxX]

6 [of y xxxx]

Table 5.2.2.6-4: Encoding of 2-bit RI.

Qm Encoded RI

Rl Rl Rl Rl Rl _RI
[og" o1 07" 0g o 07

4 f off! xx of! of! xxof! o} xx]

[o(')qI olR' XXX X oZR' og' X X X X olR' 05' XXXX]

Table 5.2.2.6-5: Ogl to Rl mapping.

Ogel RI
0 1
1 2

Table 5.2.2.6-6: 00RI , 01RI to RI mapping.

O;&I’ OlRI RI
0,0 1
0,1 2
1,0 3
1,1 4

Table 5.2.2.6-7: of', o', of'to Rl mapping.

Ogu, 01R|, 02R| RI
0,0,0 1
0,0,1 2
0,1,0 3
0,1,1 4
1,0,0 5
1,0,1 6
1,1,0 7
1,1,1 8

~ If RI feedback for a given DL cell consists of 3-bits of information, i.e., [of' of' 0X'] with O corresponding

to MSB of 3-bit input and o' corresponding to LSB. The [of' o' 05'] to Rl mapping is given by Table

5.2.2.6-7.
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- If RI feedback consists of 3< QR <11 bits of information, i.e., [of' of'....,0%k .1, then a coded bit sequence

oR' -1

[G& a'.....G'] is obtained by using the bit sequence [og of' ..., ] as the input to the channel coding

oR' -1

block described in section 5.2.2.6.4.

— If RI feedback consists of 11<0O® <15 bits of information as a result of the aggregation of RI bits

corresponding to multiple DL cells or multiple CSI processes, i.e., [o0 ol - ], then the coded bit

oR' 1
sequence q0 ,ql ,q2 ,...,qQRI_l is obtained by using the bit sequence [o0 o1 yoees oR' ] as the input to the

channel coding block described in section 5.2.2.6.5.

The “x” and “y” in Table 5.2.2.6-3 and 5.2.2.6-4 are placeholders for [2] to scramble the RI bits in a way that
maximizes the Euclidean distance of the modulation symbols carrying rank information.

For the case where RI feedback for more than one DL cell is to be reported, the RI report for each DL cell is
concatenated prior to coding in increasing order of cell index.

For the case where RI feedback for more than one CSI process is to be reported, the RI reports are concatenated prior to
coding first in increasing order of CSI process index for each DL cell and then in increasing order of cell index.

For the case where RI feedback consists of one or two bits of information the bit sequence qo ,ql ,q2 - ,qQRI gl
obtained by concatenation of multiple encoded RI blocks where Qg is the total number of coded bits for all the

encoded RI blocks. The last concatenation of the encoded RI block may be partial so that the total bit sequence length
is equal to Qg .

For the case where RI feedback consists of 3< O <11 bits of information, the bit sequence qO ,ql ,q2 - ,qQRI 08

obtained by the circular repetition of the bit sequence G¢'' ;"' ..., Gav SO that the total bit sequence length is equal

0 Qg -

When rank information is to be multiplexed with UL-SCH at a given PUSCH, the rank information is multiplexed in all
layers of all transport blocks of that PUSCH. For a given transport block, the vector sequence output of the channel

coding for rank information is denoted by qg' , qu' qg' . where qiR' , 1=0.,...,Qg, —1 are column vectors of
o+ 4 Ak - hul

length ( m NL) and where Qg =Qg / Q. The vector sequence is obtained as follows:

Seti, j,kto0

while i < QR|

67 =[a7" ..afl, 1] - temporary row vector

N
a;' =[4;" -G 1" -- replicating the row vector qE' N, times and transposing into a column vector
i=i+Q
k=k+1
end while

where N, is the number of layers onto which the UL-SCH transport block is mapped.

For channel quality control information (CQI and/or PMI denoted as CQI/PMI)
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When the UE transmits channel quality control information bits, it shall determine the number of modulation coded
symbols per layer Q" for channel quality information as

PUSCH-initial(x) PUSCH-initial(x) PUSCH X
Q= (O+L)-M sc ) Nsymb " Poffset M PUSCH |\ PUSCH _ Qéu)
- c_y » Wlse " Neymb Q(x)
z K (x) m
r
r=0

0 O=1

where O is the number of CQI/PMI bits, L is the number of CRC bits given by | = o
8 otherwise

Qcor =QY -Q'and LIS = B where B shall be determined according to [3] depending on the number
of transmission codewords for the corresponding PUSCH, and on the uplink power control subframe set for the
corresponding PUSCH when two uplink power control subframe sets are configured by higher layers for the cell. If RI

is not transmitted then QY = 0.

The variable “X” in Kr(x) represents the transport block index corresponding to the highest Imcs value indicated by the
initial UL grant. In case the two transport blocks have the same Iucs value in the corresponding initial UL grant, “x
=17, which corresponds to the first transport block. M S'ZUSCHfinitial(X) , C(X) , and Kr(x) are obtained from the initial
PDCCH or EPDCCH for the same transport block. If there is no initial PDCCH or EPDCCH with DCI format 0 for the
same transport block, M FUSeH 1209 "G ang K () shall be determined from:

— the most recent semi-persistent scheduling assignment PDCCH or EPDCCH, when the initial PUSCH for the
same transport block is semi-persistently scheduled, or,

— the random access response grant for the same transport block, when the PUSCH is initiated by the random
access response grant.

Nswf)c”_i”ma'(x) is the number of SC-FDMA symbols per subframe for initial PUSCH transmission for the same

transport block.

For UL-SCH data information G = N ~(N§ﬁﬁf” MEH QY — Qg — ©9), where N is the number of layers the

corresponding UL-SCH transport block is mapped onto, M %S is the scheduled bandwidth for PUSCH transmission

in the current sub-frame for the transport block, and N;%Sbc” is the number of SC-FDMA symbols in the current

PUSCH transmission sub-frame given by NJ-5 = (2'(Nsl§hm—1)— NSRS)’ where N is equal to 1 if UE transmits

PUSCH and SRS in the same subframe for the current subframe, or if the PUSCH resource allocation for the current
subframe even partially overlaps with the cell-specific SRS subframe and bandwidth configuration defined in section
5.5.3 of [2], or if the current subframe is a UE-specific type-1 SRS subframe as defined in Section 8.2 of [3], or if the
current subframe is a UE-specific type-0 SRS subframe as defined in section 8.2 of [3] and the UE is configured with
multiple TAGs. Otherwise N4 is equal to 0.

In case of CQI/PMI report for more than one DL cell, 0y,0,,0,,...,05_ is the result of concatenating the CQI/PMI

report for each DL cell in increasing order of cell index. For the case where CQI/PMI feedback for more than one CSI
process is to be reported, 04,0;,0,,...,05_; is the result of concatenating the CQI/PMI reports in increasing order of

CSI process index for each DL cell and then in increasing order of cell index.

— If the payload size is less than or equal to 11 bits, the channel coding of the channel quality information is
performed according to section 5.2.2.6.4 with input sequence 0g,0;,0,,...,00_1 .

— For payload sizes greater than 11 bits, the CRC attachment, channel coding and rate matching of the channel

quality information is performed according to sections 5.1.1, 5.1.3.1 and 5.1.4.2, respectively. The input bit
sequence to the CRC attachment operation is 0y,0;,0,....,05_; . The output bit sequence of the CRC
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attachment operation is the input bit sequence to the channel coding operation. The output bit sequence of the
channel coding operation is the input bit sequence to the rate matching operation.

The output sequence for the channel coding of channel quality information is denoted by q,.,q;,9,,95.-., AN, Qegr -1

where N, is the number of layers the corresponding UL-SCH transport block is mapped onto.

5.2.2.6.2 Channel quality information formats for higher layer configured subband CQI
reports

Table 5.2.2.6.2-1 shows the fields and the corresponding bit width for the channel quality information feedback for
higher layer configured report for PDSCH transmissions associated with transmission mode 1, transmission mode 2,
transmission mode 3, transmission mode 7, transmission mode 8 configured without PMI/RI reporting, transmission
mode 9 configured without PMI/RI reporting or configured with 1 antenna port, and transmission mode 10 configured
without PMI/RI reporting or configured with 1 antenna port. N in Table 5.2.2.6.2-1 is defined in section 7.2 of [3].

Table 5.2.2.6.2-1: Fields for channel quality information feedback for higher layer configured subband
CQI reports (transmission mode 1, transmission mode 2, transmission mode 3, transmission mode 7,
transmission mode 8 configured without PMI/RI reporting, transmission mode 9 configured without
PMI/RI reporting or configured with 1 antenna port, and transmission mode 10 configured without
PMI/RI reporting or configured with 1 antenna port)

Field Bit width
Wide-band CQI codeword 4
Subband differential CQI 2N

Table 5.2.2.6.2-2, Table 5.2.2.6.2-2A and Table 5.2.2.6.2-2B show the fields and the corresponding bit widths for the
channel quality information feedback for higher layer configured report for PDSCH transmissions associated with
transmission mode 4, transmission mode 5, transmission mode 6, transmission mode 8 configured with PMI/RI
reporting, transmission mode 9 configured with PMI/RI reporting with 2/4/8 antenna ports, and transmission mode 10
configured with PMI/RI reporting with 2/4/8 antenna ports. N in Table 5.2.2.6.2-2, Table 5.2.2.6.2-2A and Table
5.2.2.6.2-2B is defined in section 7.2 of [3].

Table 5.2.2.6.2-2: Fields for channel quality information feedback for higher layer configured subband
CQI reports (transmission mode 4, transmission mode 5, transmission mode 6, transmission mode 8
configured with PMI/RI reporting except with alternativeCodeBookEnabledFor4TX-r12=TRUE,
transmission mode 9 configured with PMI/RI reporting with 2/4 antenna ports except with
alternativeCodeBookEnabledFor4TX-r12=TRUE, and transmission mode 10 configured with PMI/RI
reporting with 2/4 antenna ports except with alternativeCodeBookEnabledFor4TX-r12=TRUE)

Field Bit width
2 antenna ports 4 antenna ports
Rank=1 | Rank=2 | Rank=1 | Rank>1
Wide-band CQI codeword 0 4 4 4 4
Subband differential CQI codeword 0 2N 2N 2N 2N
Wide-band CQI codeword 1 0 4 0 4
Subband differential CQI codeword 1 0 2N 0 2N
Precoding matrix indicator 2 1 4 4

Table 5.2.2.6.2-2A: Fields for channel quality information feedback for higher layer configured
subband CQI reports (transmission mode 9 configured with PMI/RI reporting with 8 antenna ports
and transmission mode 10 configured with PMI/RI reporting with 8 antenna ports).

Bitwidth

Field Rank =1 | Rank =2 | Rank = 3 | Rank = 4
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Wideband CQI codeword 0

4 4 4 4
Subband differential CQI codeword 0 2N 2N 2N 2N
Wideband CQI codeword 1 0 4 4 4
Subband differential CQI codeword 1 0 2N 2N 2N
Wideband first PMI i1 4 4 2 2
Subband-Wideband second PMI i2 4 4 4 3
Field Bitwidth
Rank =5 | Rank =6 | Rank =7 | Rank =8
Wideband CQI codeword 0 4 4 4 4
Subband differential CQI codeword 0 2N 2N 2N 2N
Wideband CQI codeword 1 4 4 4 4
Subband differential CQI codeword 1 2N 2N 2N 2N
Wideband first PMI i1 2 2 2 0
Subband-Wideband second PMI i2 0 0 0 0

Table 5.2.2.6.2-2B: Fields for channel quality information feedback for higher layer configured

subband CQI reports with 4 antenna ports (transmission modes 8, 9 and 10 configured with PMI/RI

reporting, 4 antenna ports and alternativeCodeBookEnabledFor4TX-r12=TRUE)

Field Bitwidth
Rank =1 | Rank =2 | Rank =3 | Rank =4

Wideband CQI codeword 0 4 4 4 4
Subband differential CQI codeword 0 2N 2N 2N 2N
Wideband CQI codeword 1 0 4 4 4
Subband differential CQI codeword 1 0 2N 2N 2N
Wideband first PMI il 4 4 0 0
Subband-Wideband second PMI i2 4 4 4 4

Table 5.2.2.6.2-2C, Table 5.2.2.6.2-2D and Table 5.2.2.6.2-2E show the fields and the corresponding bit widths for the

channel quality information feedback for higher layer configured report for PDSCH transmissions associated with
transmission mode 4, transmission mode 6, transmission mode 8 configured with subband PMI/RI reporting,
transmission mode 9 configured with subband PMI/RI reporting with 2/4/8 antenna ports, and transmission mode 10

configured with subband PMI/RI reporting with 2/4/8 antenna ports. N in Table 5.2.2.6.2-2C, Table 5.2.2.6.2-2D and

Table 5.2.2.6.2-2E is defined in section 7.2 of [3].

Table 5.2.2.6.2-2C: Fields for channel quality information feedback for higher layer configured
subband CQIl and subband PMI reports
(transmission mode 4 and transmission mode 6 configured with subband PMI reporting,

transmission mode 8 configured with subband PMI reporting except with

alternativeCodeBookEnabledFor4TX-r12=TRUE, transmission mode 9 and transmission 10
configured with subband PMI reporting with 2/4 antenna ports except with
alternativeCodeBookEnabledFor4TX-r12=TRUE).

Field Bit width
2 antenna ports 4 antenna ports
Rank=1 | Rank=2 | Rank=1 | Rank=2 | Rank=3 | Rank =4
Wide-band CQI codeword 0 4 4 4 4 4 4
Subband differential CQI codeword 0 2N 2N 2N 2N 2N 2N
Wide-band CQI codeword 1 0 4 0 4 4 4
Subband differential CQI codeword 1 0 2N 0 2N 2N 2N
Subband precoding matrix indicator 2N N 4N 4N 4N 4N

Ex.1007.00015




Table 5.2.2.6.2-2D: Fields for channel quality information feedback for higher layer configured
subband CQI and subband PMI reports with 8 antenna ports (transmission mode 9 configured with
subband PMI reporting and transmission mode 10 configured with subband PMI reporting)

Field Bitwidth
Rank =1 | Rank =2 | Rank =3 | Rank =4
Wideband CQI codeword 0 4 4 4 4
Subband differential CQI codeword 0 2N 2N 2N 2N
Wideband CQI codeword 1 0 4 4 4
Subband differential CQI codeword 1 0 2N 2N 2N
Wideband first PMI il 4 4 2 2
Subband second PMI i2 4N 4N 4N 3N
Field Bitwidth
Rank =5 | Rank =6 | Rank =7 | Rank =8
Wideband CQI codeword 0 4 4 4 4
Subband differential CQI codeword 0 2N 2N 2N 2N
Wideband CQI codeword 1 4 4 4 4
Subband differential CQI codeword 1 2N 2N 2N 2N
Wideband first PMI i1 2 2 2 0
Subband second PMI i2 0 0 0 0

Table 5.2.2.6.2-2E: Fields for channel quality information feedback for higher layer configured
subband CQI and subband PMI reports with 4 antenna ports (transmission modes 8, 9 and 10
configured with subband PMI reporting, 4 antenna ports and alternativeCodeBookEnabledFor4TX-

r12=TRUE)
: Bitwidth
Field Rank =1 | Rank =2 | Rank =3 | Rank =4
Wideband CQI codeword 0 4 4 4 4
Subband differential CQI codeword 0 2N 2N 2N 2N
Wideband CQI codeword 1 0 4 4 4
Subband differential CQI codeword 1 0 2N 2N 2N
Wideband first PMI il 4 4 0 0
Subband second PMI i2 4N 4N 4N AN

Table 5.2.2.6.2-3 shows the fields and the corresponding bit width for the rank indication feedback for higher layer
configured subband CQI reports for PDSCH transmissions associated with transmission mode 3, transmission mode 4,
transmission mode 8 configured with PMI/RI reporting, transmission mode 9 configured with PMI/RI reporting with
2/4/8 antenna ports, and transmission mode 10 configured with PMI/RI reporting with 2/4/8 antenna ports.

Table 5.2.2.6.2-3: Fields for rank indication feedback for higher layer configured subband CQI reports
(transmission mode 3, transmission mode 4, transmission mode 8 configured with PMI/RI reporting,
transmission mode 9 configured with PMI/RI reporting with 2/4/8 antenna ports, and transmission
mode 10 configured with PMI/RI reporting with 2/4/8 antenna ports).

Bit width
Field 2 antenna ports 4 antenna ports 8 antenna ports
Max 2 layers | Max 4 layers | Max 2 layers | Max 4 layers | Max 8 layers
Rank indication 1 1 2 1 2 3

The channel quality bits in Table 5.2.2.6.2-1, Table 5.2.2.6.2-2, Table 5.2.2.6.2-2A, Table 5.2.2.6.2-2B, Table 5.2.2.6.2-
2C, Table 5.2.2.6.2-2D, and Table 5.2.2.6.2-2E form the bit sequence 0g,0;,0,....,05_4 With 0, corresponding to the

first bit of the first field in each of the tables, o, corresponding to the second bit of the first field in each of the tables,
and 0g_; corresponding to the last bit in the last field in each of the tables. The field of the PMI and subband

differential CQI shall be in the increasing order of the subband index [3]. The first bit of each field corresponds to MSB
and the last bit LSB. The RI bits sequence in Table 5.2.2.6.2-3 is encoded according to section 5.2.2.6.
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5.2.2.6.5 Channel coding for more than 11 bits of HARQ-ACK information

The HARQ-ACK bits input to the channel coding block are denoted by 05'“< 0,*°“ .. .,03%,(_1 where

11<02% <2011 < 0K <21 is the number of bits.

ACK ACK ACK ACK
The sequences of bits 05'“<, o/ . ,or‘ Ak 1] and o"‘ AcK /) "AACK/Z-I-Fl ’AACK/sz JOgRCK
as follows
[OACK 1211
Gi= > (orf\CK «Mi’n)modZ
n=0
and

oACK 7[0 ACK ;514

Gi = nzo ( fACKIZL ~Mi,n)mod2

where i=0, 1,2, ..., 31 and the basis sequences M; , are defined in Table 5.2.2.6.4-1.

ACK  ACK ACK

are encoded

The output bit sequence qACK,ql N Fah ,qQACK,1 is obtained by the concatenation and circular repetition of the

bit sequences g, 0d;, 0y, 03, and qo,ql,az, ,,qg,1 as follows:
Seti=0
while i<[Q'/2]-Q,

ACK _ =
4, =Uimods2

i=i+1
end while

Seti=0

while i <(Q-[Q/2)-Q,

ACK =
Ao 210n+ ~ dimods2

i=i+1

end while

5.2.3.1 Channel coding for UCI HARQ-ACK

The HARQ-ACK bits are received from higher layers for each subframe of each cell. Each positive acknowledgement
(ACK) is encoded as a binary ‘1’ and each negative acknowledgement (NACK) is encoded as a binary ‘0’. For the case
where PUCCH format 3 [2] is configured by higher layers and is used for transmission of the HARQ-ACK feedback
information, the HARQ-ACK feedback consists of the concatenation of HARQ-ACK bits for each of the serving cells.
For cells configured with transmission modes 1, 2, 5, 6 or 7 [3], i.e., single codeword transmission modes, 1 bit of
HARQ-ACK information, a,, is used for that cell. For cells configured with other transmission modes, 2 bits of

HARQ-ACK information are used for those cells, i.e., a,,a,,; with a, corresponding to HARQ-ACK bit for

codeword 0 and a,,; corresponding to that for codeword 1.
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Define O as the number of HARQ-ACK feedback bits and N §7SCHmas a5 the number of HARQ-ACK

feedback bits including the possible concurrent transmission of scheduling request and/or periodic CSI when PUCCH
format 3 is used for transmission of HARQ-ACK feedback (section 10.1 in [3]).

For FDD, the sequence of bits 0y, 0,"“" ..., 0%k

different cells according to the following pseudo-code:

is the result of the concatenation of HARQ-ACK bits for

Set ¢ = 0 — cell index: lower indices correspond to lower RRC indices of corresponding cell
Set j = 0 — HARQ-ACK bit index
Set Nc'ghs to the number of cells configured by higher layers for the UE

D

while c < N2j

if transmission mode configured in cell ¢ €{1,2,5,6,7} -- 1 bit HARQ-ACK feedback for this cell

= HARQ-ACK bit of this cell

o
|

= HARQ-ACK bit corresponding to the first codeword of this cell

= HARQ-ACK bit corresponding to the second codeword of this cell
j :j +1
end if
c=c+1
end while

For the aggregation of more than one DL cell including a primary cell using FDD and at least one secondary cell using

TDD, the sequence of bits GOACK , 51ACK yeor Gg\,fc'é_l is the result of the concatenation of HARQ-ACK bits for different

cells. Define N &ijs_as the number of cells configured by higher layers for the UE and BCDL as the number of subframes

for which the UE needs to feed back HARQ-ACK bits in UL subframe n for the c-th serving cell. For a cell using TDD,
the subframes are determined by the DL-reference UL/DL configuration if the UE is configured with higher layer
parameter eimta-HarqReferenceConfig, and determined by the UL/DL configuration otherwise. For a cell using TDD,

BCD" =1 if subframe n-4 in the cell is a DL subframe or a special subframe with special subframe configurations

1/2/3/4/6/7/8/9 and normal downlink CP or a special subframe with special subframe configurations 1/2/3/5/6/7 and
extended downlink CP, and BCD" =0 otherwise. For a cell using FDD, BCD" =1.

ACK

The sequence of bits 8, , 8, 0./

1 Ogack_, is performed according to the following pseudo-code:

Set ¢ = 0 — cell index: lower indices correspond to lower RRC indices of corresponding cell

Set j = 0 — HARQ-ACK bit index

while ¢ < N Qjis
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if BN =1

if transmission mode configured in cell ¢ €{1,2,5,6,7} — 1 bit HARQ-ACK feedback for this cell

0/ = HARQ-ACK bit of this cell

ji=j+1

else

ajACK = HARQ-ACK bit corresponding to the first codeword of this cell

j=j+1

ajACK = HARQ-ACK bit corresponding to the second codeword of this cell

j=j+1

end if
end if
c=c+1
end while

For the cases with TDD primary cell, the sequence of bits Oy, 0,"°" ,..., 0%k _, is obtained from the HARQ-ACK

bits for different cells and different subframes.

Define NCE;',]S as the number of cells configured by higher layers for the UE and BCD" as the number of downlink

subframes for which the UE needs to feed back HARQ-ACK bits in cell ¢ as defined in Section 7.3 of [3].

The number of HARQ-ACK bits k and the number of HARQ-ACK bits after spatial bundling k, are computed as
follows:

Set k = 0 — counter of HARQ-ACK bits
Set k, = 0 — counter of HARQ-ACK bits after spatial bundling
Set ¢ = 0 — cell index: lower indices correspond to lower RRC indices of corresponding cell

DL

while ¢ < N ;s

set1=0;
while | < B>
if transmission mode configured in cell ¢ e{,2,5,6,7} -- 1 bit HARQ-ACK feedback for this cell
k=k+1
kp = ko + 1
else
k=k+2
kp = ko + 1
end if
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I=1+1
end while
c=c+1

end while

In case the transmission of HARQ-ACK feedback using PUCCH format 3 coincides with a sub-frame configured to the
UE by higher layers for transmission of scheduling request, the number of scheduling request bit OSR is 1; otherwise
OSR=0.

In case the transmission of HARQ-ACK feedback using PUCCH format 3 coincides with a sub-frame configured to the
UE by higher layers for transmission of periodic CSI, O°S' is the number of periodic CSI bit(s) for the CSI report as
defined in section 7.2.2 [3]; otherwise O®S'=0,

The number of HARQ-ACK feedback bits 0K is computed as follows:
Set Kmax =20 when TDD is used in all the configured serving cell(s) of the UE and k,,, =21 when FDD is used in at

least one of the configured serving cells with TDD primary cell.

If k<20 Kk <knps and O =0, or if k+0 + 0% <22 and 0 >0, or if k, +0% +0R > 22 and
* <20k <Ky then

OACK — k
else,

0" =k,.

If OAK =k, the multiplexing of HARQ-ACK bits is performed according to the following pseudo-code:
Set ¢ = 0 — cell index: lower indices correspond to lower RRC indices of corresponding cell
Setj = 0 — HARQ-ACK bit index
while c < N 2j
set1=0;

. DL
while I < B;

if transmission mode configured in cell ¢ e {,2,5,6,7} -- 1 bit HARQ-ACK feedback for this cell

0, = 0" HARQ-ACK bit of this cell as defined in Section 7.3 of [3]

i=i+1

else
[0, 6/ 11=[0/5" 0.5/1] HARQ-ACK bit of this cell as defined in Section 7.3 of [3]
j=j+2

end if

= 1+1

end while
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c=c+1
end while

If 0”K =k, , spatial bundling is applied to all subframes in all cells and the multiplexing of HARQ-ACK bits is
performed according to the following pseudo-code

Set ¢ = 0 — cell index: lower indices correspond to lower RRC indices of corresponding cell
Set j =0 — HARQ-ACK bit index

DL

while ¢ < N ;s

set1=0;
while | < B>-

if transmission mode configured in cell ¢ €{1,2,5,6,7} — 1 bit HARQ-ACK feedback for this cell

0, = 0" HARQ-ACK bit of this cell as defined in Section 7.3 of [3]
j=j+1
else
~ACK _ _ACK ,. . . . .
0; =0, binary AND operation of the HARQ-ACK bits corresponding to the first and second

codewords of this cell as defined in Section 7.3 of [3]

j=i+1
end if
I=1+1
end while
c=c+1

end while

In case the transmission of HARQ-ACK feedback using PUCCH format 3 [2] coincides with a sub-frame configured to
the UE by higher layers for transmission of scheduling request, the scheduling request bit (1 = positive SR; 0 = negative
SR) is appended at the end of the sequence of concatenated HARQ-ACK bits.

In case the transmission of HARQ-ACK feedback using PUCCH format 3 [2] coincides with a sub-frame configured to
the UE by higher layers for transmission of periodic CSlI, and periodic CSI is not dropped as defined in section 7.3.2
and section 10.1.1 of [3], the periodic CSI bits for the CSI report as defined in section 7.2.2 [3] are appended at the end

of the sequence of concatenated HARQ-ACK bits and scheduling request bit (if any). As with the transmission of the

scheduling request, the procedure above is used with N 5712 including the number of periodic CSI bits and

scheduling request bit (if any).

N PUCCHformat3
A/N

For <11, the bit sequence &, a, ..., & puccomas_, IS Obtained by setting a; =5, .
AIN =

For 11 < NEpSCHrmas < 25 the hit sequence ag, 8y, ay,..... 8y pyccuem s 4 is obtained by setting a;;, =0, if i is

_ ~ACK ¢ -
even and a[NK,UNCCHfO'm“/z]qH)/z =0 if i is odd.

For NEPSCHrmas <11 | the sequence of bits ag, a;, 8y, , 8, puccHoma 3_, IS encoded as follows
A/N -
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PUCCHformat 3
Na/N -1

by = Z(anMi]n)modZ
n=0

wherei=0, 1,2, ..., 31 and the basis sequences M; , are defined in Table 5.2.2.6.4-1.

The output bit sequence by, b;,b,.,...,,bg_; is obtained by circular repetition of the sequence 50 , 51, 62 ety 531
b; = b(imod32)

wherei=0, 1,2, ..., B-1and where B=4-N2®.

PUCCHformat3 i
For 11 < N&7S <22, the sequences of bits ag,ay,8, ..., & pyccroma s ], and

a"NZ%E‘:CHforrmt 3/2-‘, a{NztlJﬁcmomm 3/2-|+1, a’VN/F;L/JﬁCHformat 3/2-|+2 yeers aNZI;J’\C‘CHforrmt 3, are encoded as follows

(NK&J’\?CHfOITTm 3,2—‘71
b, = Z(an-Mi]n)modZ
n=0

and

PUCCHformat 3 PUCCHformat 3
Na/N *[NA/N ’21*1

) = (hgigommL, M Jmod2

n

k=)

where i =0, 1,2, ..., 23 and the basis sequences M; , are defined in Table 5.2.2.6.4-1.

The output bit sequence by,b;,b,....,,bg_; where B=4- NSFEB is obtained by the alternate concatenation of the bit

sequences 50,51,62,...,,523and 50,51,52 ,...,,523 as follows
Seti,j=0

while i <4-NZP

by = bj s by = bj+l

n

b2 = by, biys =Dy
i=i+4
j=j+2

end while

When PUCCH format 3 is not used for transmission of HARQ-ACK feedback, the HARQ-ACK bits are processed for
transmission according to section 10.1 in [3].

53.3.1.1 Format O
DCI format O is used for the scheduling of PUSCH in one UL cell.
The following information is transmitted by means of the DCI format 0:
- Carrier indicator — 0 or 3 bits. This field is present according to the definitions in [3].

- Flag for formatO/format1A differentiation — 1 bit, where value 0 indicates format 0 and value 1 indicates format 1A
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- Frequency hopping flag — 1 bit as defined in section 8.4 of [3]. This field is used as the MSB of the corresponding
resource allocation field for resource allocation type 1.

- Resource block assignment and hopping resource allocation — (Iog (NG (NSE +1)/ 2)-‘ bits

- For PUSCH hopping (resource allocation type 0 only):

- NuL_nop MSB bits are used to obtain the value of nprg(i) as indicated in section 8.4 of [3]

- Ulog »(NSs (NRs +1)/2)-‘ - NU,__hopj bits provide the resource allocation of the first slot in the UL
subframe

- For non-hopping PUSCH with resource allocation type 0:

- O—Iog »(Ngg (Ngs +1)/2)-‘ ) bits provide the resource allocation in the UL subframe as defined in section
8.1.1 of [3]
- For non-hopping PUSCH with resource allocation type 1:

- The concatenation of the frequency hopping flag field and the resource block assignment and hopping
resource allocation field provides the resource allocation field in the UL subframe as defined in section 8.1.2
of [3]

- Modulation and coding scheme and redundancy version — 5 bits as defined in section 8.6 of [3]
- New data indicator — 1 bit

- TPC command for scheduled PUSCH — 2 bits as defined in section 5.1.1.1 of [3]

- Cyclic shift for DM RS and OCC index — 3 bits as defined in section 5.5.2.1.1 of [2]

- UL index — 2 bits as defined in sections 5.1.1.1, 7.2.1, 8 and 8.4 of [3] (this field is present only for TDD operation
with uplink-downlink configuration 0)

- Downlink Assignment Index (DAI) — 2 bits as defined in section 7.3 of [3] (this field is present only for cases with
TDD primary cell and either TDD operation with uplink-downlink configurations 1-6 or FDD operation)

- CSl request — 1 or 2 bits as defined in section 7.2.1 of [3]. The 2-bit field applies to

- UEs that are configured with more than one DL cell and when the corresponding DCI format is mapped onto
the UE specific search space given by the C-RNTI as defined in [3],

- UEs that are configured by higher layers with more than one CSI process and when the corresponding DCI
format is mapped onto the UE specific search space given by the C-RNTI as defined in [3];

- UEs that are configured with two CSI measurement sets by higher layers with the parameter csi-
MeasSubframeSet, and when the corresponding DCI format is mapped onto the UE specific search space
given by the C-RNTI as defined in [3];

otherwise the 1-bit field applies

- SRS request — 0 or 1 bit. This field can only be present in DCI formats scheduling PUSCH which are mapped onto
the UE specific search space given by the C-RNT]I as defined in [3]. The interpretation of this field is provided in
section 8.2 of [3]

- Resource allocation type — 1 bit. This field is only present if Ngg < N5 . The interpretation of this field is

provided in section 8.1 of [3]

If the number of information bits in format 0 mapped onto a given search space is less than the payload size of format
1A for scheduling the same serving cell and mapped onto the same search space (including any padding bits appended
to format 1A), zeros shall be appended to format O until the payload size equals that of format 1A.
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53.3.1.2 Format 1
DCI format 1 is used for the scheduling of one PDSCH codeword in one cell.
The following information is transmitted by means of the DCI format 1:
- Carrier indicator — 0 or 3 bits. This field is present according to the definitions in [3].
- Resource allocation header (resource allocation type 0/ type 1) — 1 bit as defined in section 7.1.6 of [3]

If downlink bandwidth is less than or equal to 10 PRBs, there is no resource allocation header and resource
allocation type 0 is assumed.

- Resource block assignment;

- For resource allocation type 0 as defined in section 7.1.6.1 of [3]:

- |_N Re | P-‘ bits provide the resource allocation

- For resource allocation type 1 as defined in section 7.1.6.2 of [3]:

- [log , (P)] bits of this field are used as a header specific to this resource allocation type to indicate the
selected resource blocks subset

- 1 bit indicates a shift of the resource allocation span

- ({N Rs ! P-‘— [log 2(Pﬂ—l) bits provide the resource allocation

where the value of P depends on the number of DL resource blocks as indicated in section 7.1.6.1 of [3]

- Modulation and coding scheme — 5 bits as defined in section 7.1.7 of [3]

- HARQ process number — 3 bits (for cases with FDD primary cell), 4 bits (for cases with TDD primary cell)
- New data indicator — 1 bit

- Redundancy version — 2 bits

- TPC command for PUCCH - 2 bits as defined in section 5.1.2.1 of [3]

0-3 na-ce A a
-~ - S ot v/ g VY

defined-in-section-10-2-of [3}-Fhis-field-is-notpresent FBDD—2bits— number of bits as specified in Table
5.3.3.1.2-2.

- HARQ-ACK resource offset (this field is present when this format is carried by EPDCCH. This field is not present
when this format is carried by PDCCH) — 2 bits as defined in section 10.1 of [3]. The 2 bits are set to 0 when this
format is carried by EPDCCH on a secondary cell, or when this format is carried by EPDCCH on the primary
cell scheduling PDSCH on a secondary cell and the UE is configured with PUCCH format 3 for HARQ-ACK
feedback.

If the UE is not configured to decode PDCCH or EPDCCH with CRC scrambled by the C-RNTI and the number of
information bits in format 1 is equal to that for format 0/1A, one bit of value zero shall be appended to format 1.

If the UE is configured to decode PDCCH or EPDCCH with CRC scrambled by the C-RNTI and the number of
information bits in format 1 is equal to that for format 0/1A for scheduling the same serving cell and mapped onto the
UE specific search space given by the C-RNT]I as defined in [3], one bit of value zero shall be appended to format 1.

If the number of information bits in format 1 carried by PDCCH belongs to one of the sizes in Table 5.3.3.1.2-1, one or
more zero bit(s) shall be appended to format 1 until the payload size of format 1 does not belong to one of the sizes in
Table 5.3.3.1.2-1 and is not equal to that of format 0/1A mapped onto the same search space.
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Table 5.3.3.1.2-1: Ambiguous Sizes of Information Bits.

| {12, 14, 16 ,20, 24, 26, 32, 40, 44, 56} |

Table 5.3.3.1.2-2: Number of bits for Downlink Assignment Index.

Number
of bits
2 This field is present for FDD or TDD operation, for cases with TDD primary cell.
If the UL/DL configuration of all TDD serving cells is same and the UE is not configured to decode
PDCCH with CRC scrambled by eimta-RNTI, then this field only applies to serving cell with UL/DL
configuration 1-6
If at least two TDD serving cells have different UL/DL configurations or the UE is configured to
decode PDCCH with CRC scrambled by eimta-RNTI, then this field applies to a serving cell with
DL-reference UL/DL configuration 1-6 as defined in section 10.2 of [3]
0 This field is not present for FDD or TDD operation, for cases with FDD primary cell.
5.3.3.1.3 Format 1A

DCI format 1A is used for the compact scheduling of one PDSCH codeword in one cell and random access procedure
initiated by a PDCCH order. The DCI corresponding to a PDCCH order can be carried by PDCCH or EPDCCH.

The following information is transmitted by means of the DCI format 1A:
- Carrier indicator — 0 or 3 bits. This field is present according to the definitions in [3].
- Flag for formatO/format1A differentiation — 1 bit, where value 0 indicates format 0 and value 1 indicates format 1A

Format 1A is used for random access procedure initiated by a PDCCH order only if format 1A CRC is scrambled
with C-RNTI and all the remaining fields are set as follows:

- Localized/Distributed VRB assignment flag — 1 bit is set to ‘0’
- Resource block assignment — ’_Iog ,(NRs (NRS +1)/2)-‘ bits, where all bits shall be set to 1

- Preamble Index — 6 bits
- PRACH Mask Index — 4 bits, [5]

- All the remaining bits in format 1A for compact scheduling assignment of one PDSCH codeword are set to
zero

Otherwise,

- Localized/Distributed VRB assignment flag — 1 bit as defined in 7.1.6.3 of [3]

- Resource block assignment — ’-Iog »(NRS (NRs +1)/2)-‘ bits as defined in section 7.1.6.3 of [3]:
- For localized VRB:
[Iog L(NSE (NS +1)/ 2)—‘ bits provide the resource allocation
- For distributed VRB:

-1f Ngs <50 or if the format 1A CRC is scrambled by RA-RNTI, P-RNTI, or SI-RNTI

- ’_Iog SN (NRE +1)/2)-‘ bits provide the resource allocation

- Else
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- 1 bit, the MSB indicates the gap value, where value O indicates N, = N, ; and value 1 indicates

Ngap = Ngap 2

- ((Iog (NS (NRE +1)/2)—‘ —1) bits provide the resource allocation,

where Ng,, is defined in [2].

p
- Modulation and coding scheme — 5bits as defined in section 7.1.7 of [3]

- HARQ process number — 3 bits (for cases with FDD primary cell) , 4 bits (for cases with TDD primary cell)

- New data indicator — 1 bit

- If the format 1A CRC is scrambled by RA-RNTI, P-RNTI, or SI-RNTI:
-1f N >50 and Localized/Distributed VRB assignment flag is set to 1

- the new data indicator bit indicates the gap value, where value O indicates N g, = N, , and value
lindicates Ng,, = Ngap0-
- Else the new data indicator bit is reserved.
- Else
- The new data indicator bit as defined in [5]
- Redundancy version — 2 bits
- TPC command for PUCCH - 2 bits as defined in section 5.1.2.1 of [3]
- If the format 1A CRC is scrambled by RA-RNTI, P-RNTI, or SI-RNTI:

- The most significant bit of the TPC command is reserved.

- The least significant bit of the TPC command indicates column Njgg of the TBS table defined of [3].

- If least significant bit is O then NjRg = 2 else NjRg = 3.

- Else

- The two bits including the most significant bit indicates the TPC command

d-a D JL/DLconfi jon-1-6-a
defined-in-section-10-2-of [3}-Fhis-fieldis-notpresentin-FBD—2bits— number of bits as specified in Table
5.3.3.1.2-2.

aidTala Q na-ce A a
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- SRS request — 0 or 1 bit. This field can only be present in DCI formats scheduling PDSCH which are mapped onto
the UE specific search space given by the C-RNT]I as defined in [3]. The interpretation of this field is provided in
section 8.2 of [3]

- HARQ-ACK resource offset (this field is present when this format is carried by EPDCCH. This field is not present
when this format is carried by PDCCH) — 2 bits as defined in section 10.1 of [3]. The 2 bits are set to 0 when this
format is carried by EPDCCH on a secondary cell, or when this format is carried by EPDCCH on the primary
cell scheduling PDSCH on a secondary cell and the UE is configured with PUCCH format 3 for HARQ-ACK
feedback.
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If the UE is not configured to decode PDCCH or EPDCCH with CRC scrambled by the C-RNTI, and the number of
information bits in format 1A is less than that of format 0, zeros shall be appended to format 1A until the payload size
equals that of format 0.

If the UE is configured to decode PDCCH or EPDCCH with CRC scrambled by the C-RNTI and the number of
information bits in format 1A mapped onto a given search space is less than that of format 0 for scheduling the same
serving cell and mapped onto the same search space, zeros shall be appended to format 1A until the payload size equals
that of format 0, except when format 1A assigns downlink resource on a secondary cell without an uplink configuration
associated with the secondary cell.

If the number of information bits in format 1A carried by PDCCH belongs to one of the sizes in Table 5.3.3.1.2-1, one
zero bit shall be appended to format 1A.

When the format 1A CRC is scrambled with a RA-RNTI, P-RNTI, or SI-RNTI then the following fields among the
fields above are reserved:

- HARQ process number

- Downlink Assignment Index (used for cases with TDD primary cell and either FDD operation or TDD operation,
FBDb-enbyand is not present for cases with FDD primary cell and either in-FDD _operation or TDD operation)

5.3.3.1.3A Format 1B
DCI format 1B is used for the compact scheduling of one PDSCH codeword in one cell with precoding information.
The following information is transmitted by means of the DCI format 1B:

- Carrier indicator — 0 or 3 bits. The field is present according to the definitions in [3].

- Localized/Distributed VRB assignment flag — 1 bit as defined in section 7.1.6.3 of [3]

- Resource block assignment — ’_Iog L(NSE (NS +1)/2)-‘ bits as defined in section 7.1.6.3 of [3]

- For localized VRB:
’_Iog ,(Nms (N&s +1)/ 2)-‘ bits provide the resource allocation
- For distributed VRB:
- For Ngs <50
- (Iog J(NoS (N +1)/2)—‘ bits provide the resource allocation

-For N2> >50

- 1 bit, the MSB indicates the gap value, where value 0 indicates N g, = Ny, ; and value 1 indicates

Ngan =N

gap = Naap,2
- ((Iog S(NSE(NEE +1)/2)—‘ —1) bits provide the resource allocation

- Modulation and coding scheme — 5bits as defined in section 7.1.7 of [3]

- HARQ process number — 3 bits (for cases with FDD primary cell) , 4 bits (for cases with TDD primary cell)

- New data indicator — 1 bit
- Redundancy version — 2 bits

- TPC command for PUCCH — 2 bits as defined in section 5.1.2.1 of [3]
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defined-in-section-10-2-of [3}-TFhisfield-is-not presentin-FDB—2 bits— number of bits as specified in Table
5.3.3.1.2-2.

- TPMI information for precoding — number of bits as specified in Table 5.3.3.1.3A-1

TPMI information indicates which codebook index is used in Table 6.3.4.2.3-1 or Table 6.3.4.2.3-2 of [2]
corresponding to the single-layer transmission.

- PMI confirmation for precoding — 1 bit as specified in Table 5.3.3.1.3A-2

- HARQ-ACK resource offset (this field is present when this format is carried by EPDCCH. This field is not present
when this format is carried by PDCCH) — 2 bits as defined in section 10.1 of [3]. The 2 bits are set to 0 when this
format is carried by EPDCCH on a secondary cell, or when this format is carried by EPDCCH on the primary
cell scheduling PDSCH on a secondary cell and the UE is configured with PUCCH format 3 for HARQ-ACK
feedback.

If PMI confirmation indicates that the eNodeB has applied precoding according to PMI(s) reported by the UE, the
precoding for the corresponding RB(s) in subframe n is according to the latest PMI(s) in an aperiodic CSI reported on
or before subframe n-4.

Table 5.3.3.1.3A-1: Number of bits for TPMI information.

Number of antenna ports | Number
at eNodeB of bits

2 2

4 4

Table 5.3.3.1.3A-2: Content of PMI confirmation.

Bit field mapped

; Message
to index
0 Precoding according to the indicated TPMI in
the TPMI information field
1 Precoding using the precoder(s) according to
PMI(s) indicated in the latest aperiodic CSI
report.

For aperiodic CSI mode 2-2:

- Precoding of scheduled resource blocks
belonging to the reported preferred M
subband(s), use precoder(s) according to the
preferred M subband PMI(s) indicated in the
latest aperiodic CSI report;

- Precoding of scheduled resource blocks not
belonging to the reported preferred M
subband(s), precoding using a precoder
according to the wideband PMI indicated in the
latest aperiodic CSI report.

If the number of information bits in format 1B is equal to that for format 0/1A for scheduling the same serving cell and
mapped onto the UE specific search space given by the C-RNTI as defined in [3], one bit of value zero shall be
appended to format 1B.

If the number of information bits in format 1B carried by PDCCH belongs to one of the sizes in Table 5.3.3.1.2-1, one
or more zero bit(s) shall be appended to format 1B until the payload size of format 1B does not belong to one of the
sizes in Table 5.3.3.1.2-1 and is not equal to that of format 0/1A mapped onto the same search space.
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5.3.3.14 Format 1C

DCI format 1C is used for very compact scheduling of one PDSCH codeword, and-notifying MCCH change [6], and
reconfiguring TDD.

The following information is transmitted by means of the DCI format 1C:
If the format 1C is used for very compact scheduling of one PDSCH codeword

- 1 bit indicates the gap value, where value 0 indicates N g, = Ng,,; and value 1 indicates Ng,, = N

gap, gap,2

- For Nt <50, there is no bit for gap indication
- Resource block assignment — [Iog 5 (LN wee.gor | N ;tépJ- (LN wee.gor | N §SPJ+ 1)/ 2)—| bits as defined in
7.1.6.3 of [3] where N g o0 is defined in [2] and Ngg” is defined in [3]

- Modulation and coding scheme — 5 bits as defined in section 7.1.7 of [3]

Else if the format 1C is used for notifying MCCH change

- Information for MCCH change notification — 8 bits as defined in section 5.8.1.3 of [6]

- Reserved information bits are added until the size is equal to that of format 1C used for very compact
scheduling of one PDSCH codeword

Else

- UL/DL configuration indication:

UL/DL configuration number 1, UL/DL configuration number 2...., UL/DL configuration number |

Where each UL/DL configuration is 3 bits, | = {%JL Ltormanc_iS qual to the payload size of format 1C

used for very compact scheduling of one PDSCH codeword. The parameter eimta-ReConfigindex provided by
higher layers determines the index to the UL/DL configuration indication for a serving cell.

- Zeros are added until the size is equal to that of format 1C used for very compact scheduling of one PDSCH
codeword

5.3.3.1.4A Format 1D

DCI format 1D is used for the compact scheduling of one PDSCH codeword in one cell with precoding and power
offset information.

The following information is transmitted by means of the DCI format 1D:
- Carrier indicator — 0 or 3 bits. The field is present according to the definitions in [3].
- Localized/Distributed VRB assignment flag — 1 bit as defined in section 7.1.6.3 of [3]
- Resource block assignment — (Iog ,(NRs (NSs +1)/2)-‘ bits as defined in section 7.1.6.3 of [3]:

- For localized VRB:

[Iog (NS (NG +1)/ 2)—‘ bits provide the resource allocation
- For distributed VRB:

-For N2t <50
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- (Iog »(Nos (N +1)/2)-‘ bits provide the resource allocation

-For N2r >50
- 1 bit, the MSB indicates the gap value, where value 0 indicates N, = N, ; and value 1 indicates

Ngap = Ngap 2

- ((Iog (NS (NEE +1)/2)—‘ —1) bits provide the resource allocation

- Modulation and coding scheme — 5bits as defined in section 7.1.7 of [3]

- HARQ process number — 3 bits (for cases with FDD primary cell), 4 bits (for cases with TDD primary cell)

- New data indicator — 1 bit

- Redundancy version — 2 bits

- TPC command for PUCCH - 2 bits as defined in section 5.1.2.1 of [3]

defined-in-section-10-2-of [3}-TFhisfield-is-not presentin-FDB—2 bits— number of bits as specified in Table
5.3.3.1.2-2.

- TPMI information for precoding — number of bits as specified in Table 5.3.3.1.4A-1

TPMI information indicates which codebook index is used in Table 6.3.4.2.3-1 or Table 6.3.4.2.3-2 of [2]
corresponding to the single-layer transmission.

- Downlink power offset — 1 bit as defined in section 7.1.5 of [3]

- HARQ-ACK resource offset (this field is present when this format is carried by EPDCCH. This field is not present
when this format is carried by PDCCH) — 2 bits as defined in section 10.1 of [3]. The 2 bits are set to 0 when this
format is carried by EPDCCH on a secondary cell, or when this format is carried by EPDCCH on the primary
cell scheduling PDSCH on a secondary cell and the UE is configured with PUCCH format 3 for HARQ-ACK
feedback.

Table 5.3.3.1.4A-1: Number of bits for TPMI information.

Number of antenna ports | Number
at eNodeB of bits

2 2

4 4

If the number of information bits in format 1D is equal to that for format 0/1A for scheduling the same serving cell and
mapped onto the UE specific search space given by the C-RNTI as defined in [3], one bit of value zero shall be
appended to format 1D.

If the number of information bits in format 1D carried by PDCCH belongs to one of the sizes in Table 5.3.3.1.2-1, one
or more zero bit(s) shall be appended to format 1D until the payload size of format 1D does not belong to one of the
sizes in Table 5.3.3.1.2-1 and is not equal to that of format 0/1A mapped onto the same search space.

5.3.3.1.5 Format 2
The following information is transmitted by means of the DCI format 2:
- Carrier indicator — 0 or 3 bits. The field is present according to the definitions in [3].

- Resource allocation header (resource allocation type 0 / type 1) — 1 bit as defined in section 7.1.6 of [3]

Ex.1007.00030



If downlink bandwidth is less than or equal to 10 PRBs, there is no resource allocation header and resource
allocation type 0 is assumed.

- Resource block assignment:

- For resource allocation type 0 defined in section 7.1.6.1 of [3]:

- {N R/ P-‘ bits provide the resource allocation

- For resource allocation type 1 as defined in section 7.1.6.2 of [3]:

- [log , (P)] bits of this field are used as a header specific to this resource allocation type to indicate the
selected resource blocks subset

- 1 bit indicates a shift of the resource allocation span

- q_N Bl P-‘— [log 2(P)-|—1) bits provide the resource allocation

where the value of P depends on the number of DL resource blocks as indicated in section 7.1.6.1 of [3]

- TPC command for PUCCH - 2 bits as defined in section 5.1.2.1 of [3]

defined-in-section-10-2-of [3}-TFhisfield-is-not presentin-FDB—2 bits— number of bits as specified in Table
5.3.3.1.2-2.

Atron a) a) 0-3-S@ nag-ce A a
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- HARQ process number - 3 bits (for cases with FDD primary cell), 4 bits (for cases with TDD primary cell)

- Transport block to codeword swap flag — 1 bit

In addition, for transport block 1:
- Modulation and coding scheme — 5 bits as defined in section 7.1.7 of [3]
- New data indicator — 1 bit
- Redundancy version — 2 bits

In addition, for transport block 2:
- Modulation and coding scheme — 5 bits as defined in section 7.1.7 of [3]
- New data indicator — 1 bit
- Redundancy version — 2 bits

- Precoding information — number of bits as specified in Table 5.3.3.1.5-3

- HARQ-ACK resource offset (this field is present when this format is carried by EPDCCH. This field is not present
when this format is carried by PDCCH) — 2 bits as defined in section 10.1 of [3]. The 2 bits are set to 0 when this
format is carried by EPDCCH on a secondary cell, or when this format is carried by EPDCCH on the primary
cell scheduling PDSCH on a secondary cell and the UE is configured with PUCCH format 3 for HARQ-ACK
feedback.

If both transport blocks are enabled, the transport block to codeword mapping is specified according to Table
5.3.3.1.5-1.

In case one of the transport blocks is disabled as specified in section 7.1.7.2 of [3], the transport block to codeword
swap flag is reserved and the transport block to codeword mapping is specified according to Table 5.3.3.1.5-2.
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Table 5.3.3.1.5-1: Transport block to codeword mapping
(two transport blocks enabled).

transport block codeword O codeword 1
to codeword
(enabled) (enabled)
swap flag value
0 transport block 1 | transport block 2
1 transport block 2 | transport block 1

Table 5.3.3.1.5-2: Transport block to codeword mapping
(one transport block enabled).

codeword codew
transport transport
block 1 block 2 0 ord 1
(enabled) (disabled)
. transport
enabled disabled block 1 -
. transport
disabled enabled block 2 -

The interpretation of the precoding information field depends on the number of enabled codewords according to Table
5.3.3.1.5-4 and Table 5.3.3.1.5-5. Note that TPMI indicates which codebook index is used in Table 6.3.4.2.3-1 or Table
6.3.4.2.3-2 of [2]. For a single enabled codeword, indices 18 to 34 inclusive in Table 5.3.3.1.5-5 are only supported for
retransmission of the corresponding transport block if that transport block has previously been transmitted using two
layers with closed-loop spatial multiplexing.

If the number of information bits in format 2 carried by PDCCH belongs to one of the sizes in Table 5.3.3.1.2-1, one
zero bit shall be appended to format 2.

Some entries in Table 5.3.3.1.5-4 and Table 5.3.3.1.5-5 are used for indicating that the eNodeB has applied precoding
according to PMI(s) reported by the UE. In these cases the precoding for the corresponding RB(s) in subframe n is
according to the latest PMI(s) in an aperiodic CSI reported on or before subframe n-4. For aperiodic CSI mode 2-2:
Precoding of scheduled resource blocks belonging to the reported preferred M subband(s) use precoder(s) according to
the preferred M subband PMI indicated by the latest aperiodic CSI report; Precoding of scheduled resource blocks not
belonging to the reported preferred M subband(s) use a precoder according to the wideband PMI indicated by the latest
aperiodic CSI report.

Table 5.3.3.1.5-3: Number of bits for precoding information.

Number of antenna ports at eNodeB Number of bits for precoding information
2 3
4 6
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Table 5.3.3.1.5-4: Content of precoding information field for 2 antenna ports.

One codeword: Two codewords:
Codeword 0 enabled, Codeword 0 enabled,
Codeword 1 disabled Codeword 1 enabled

Bit field Bit field
mapped to Message mapped Message
index to index

0 2 layers: Transmit 0 2 layers: Precoding

diversity corresponding to
precoder matrix

111 1

2|11 -

1 1 layer: Precoding 1 2 layers: Precoding
corresponding to corresponding to
precoding vector precoder matrix

L 1] /2 1 {1 1 }
21 -1

2 1 layer: Precoding 2 2 layers: Precoding
corresponding to according to the latest
precoder vector PMI report on

T PUSCH, using the
[1 _1] /\/E precoder(s) indicated
by the reported
PMI(s)

3 1 layer: Precoding 3 reserved
corresponding to
precoder vector

ST
Lol /2

4 1 layer: Precoding 4 reserved
corresponding to
precoder vector
L -i]/V2

5 1 layer: 5 reserved

Precoding according to
the latest PMI report on
PUSCH, using the
precoder(s) indicated by
the reported PMI(s),
if RI=2 was reported,
using 15t column
multiplied by \/Eof all
precoders implied by the
reported PMI(s)

6 1 layer: 6 reserved
Precoding according to
the latest PMI report on

PUSCH, using the
precoder(s) indicated by
the reported PMI(s),
if RI=2 was reported,
using 2" column
multiplied by ~/2 of all
precoders implied by the
reported PMI(s)
7 reserved 7 reserved
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Table 5.3.3.1.5-5: Content of precoding information field for 4 antenna ports.

One codeword: Two codewords:
Codeword 0 enabled, Codeword 0 enabled,
Codeword 1 disabled Codeword 1 enabled

Bit field Bit field
mapped to Message mapped Message
index to index
0 4 layers: Transmit 0 2 layers: TPMI=0
diversity
1 1 layer: TPMI=0 1 2 layers: TPMI=1
2 1 layer: TPMI=1 . .
. . 15 2 layers: TPMI=15
16 1 layer: TPMI=15 16 2 layers: Precoding
according to the latest
PMI report on PUSCH
using the precoder(s)
indicated by the reported
PMI(s)
17 1 layer: Precoding 17 3 layers: TPMI=0
according to the latest
PMI report on PUSCH
using the precoder(s)
indicated by the reported
PMI(s)
18 2 layers: TPMI=0 18 3 layers: TPMI=1
19 2 layers: TPMI=1 . .
. . 32 3 layers: TPMI=15
33 2 layers: TPMI=15 33 3 layers: Precoding
according to the latest
PMI report on PUSCH
using the precoder(s)
indicated by the reported
PMI(s)
34 2 layers: Precoding 34 4 layers: TPMI=0
according to the latest
PMI report on PUSCH
using the precoder(s)
indicated by the reported
PMI(s)
35-63 reserved 35 4 layers: TPMI=1
49 4 layers: TPMI=15
50 4 layers: Precoding
according to the latest
PMI report on PUSCH
using the precoder(s)
indicated by the reported
PMI(s)
51 -63 Reserved

5.3.3.1.5A Format 2A

The following information is transmitted by means of the DCI format 2A:

- Carrier indicator — 0 or 3 bits. The field is present according to the definitions in [3].
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- Resource allocation header (resource allocation type 0/ type 1) — 1 bit as defined in section 7.1.6 of [3]

If downlink bandwidth is less than or equal to 10 PRBs, there is no resource allocation header and resource
allocation type 0 is assumed.

- Resource block assignment:

- For resource allocation type 0 as defined in section 7.1.6.1 of [3]

- |_N Re | P-‘ bits provide the resource allocation

- For resource allocation type 1 as defined in section 7.1.6.2 of [3]

- [log , (P)] bits of this field are used as a header specific to this resource allocation type to indicate the
selected resource blocks subset

- 1 bit indicates a shift of the resource allocation span

- ({N Rs ! P-‘— [log 2(Pﬂ—l) bits provide the resource allocation

where the value of P depends on the number of DL resource blocks as indicated in section 7.1.6.1 of [3]

- TPC command for PUCCH - 2 bits as defined in section 5.1.2.1 of [3]

defined-in-section-10-2-of [3}Fhis-fieldis-notpresentin-FBBD—2 bits— number of bits as specified in Table
5.3.3.1.2-2.

- HARQ process number - 3 bits (for cases with FDD primary cell), 4 bits (for cases with TDD primary cell)

- Transport block to codeword swap flag — 1 bit

In addition, for transport block 1:
- Modulation and coding scheme — 5 bits as defined in section 7.1.7 of [3]
- New data indicator — 1 bit
- Redundancy version — 2 bits

In addition, for transport block 2:
- Modulation and coding scheme — 5 bits as defined in section 7.1.7 of [3]
- New data indicator — 1 bit
- Redundancy version — 2 bits

- Precoding information — number of bits as specified in Table 5.3.3.1.5A-1

- HARQ-ACK resource offset (this field is present when this format is carried by EPDCCH. This field is not present
when this format is carried by PDCCH) — 2 bits as defined in section 10.1 of [3]. The 2 bits are set to 0 when this
format is carried by EPDCCH on a secondary cell, or when this format is carried by EPDCCH on the primary
cell scheduling PDSCH on a secondary cell and the UE is configured with PUCCH format 3 for HARQ-ACK
feedback.

If both transport blocks are enabled, the transport block to codeword mapping is specified according to Table
5.3.3.1.5-1.

In case one of the transport blocks is disabled, the transport block to codeword swap flag is reserved and the transport
block to codeword mapping is specified according to Table 5.3.3.1.5-2.
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The precoding information field is defined according to Table 5.3.3.1.5A-2. For a single enabled codeword, index 1 in

Table 5.3.3.1.5A-2 is only supported for retransmission of the corresponding transport block if that transport block has
previously been transmitted using two layers with large delay CDD.

For transmission with 2 antenna ports, the precoding information field is not present. The number of transmission layers

is equal to 2 if both codewords are enabled; transmit diversity is used if codeword 0 is enabled while codeword 1 is
disabled.

If the number of information bits in format 2A carried by PDCCH belongs to one of the sizes in Table 5.3.3.1.2-1, one
zero bit shall be appended to format 2A.

Table 5.3.3.1.5A-1: Number of bits for precoding information.

Number of antenna ports at eNodeB Number of bits for precoding information
2 0
4 2

Table 5.3.3.1.5A-2: Content of precoding information field for 4 antenna ports.

One codeword: Two codewords:
Codeword 0 enabled, Codeword 0 enabled,
Codeword 1 disabled Codeword 1 enabled

Bit field Bit field
mapped to Message mapped Message
index to index
0 4 layers: Transmit 0 2 layers: precoder
diversity cycling with large delay
CDD
1 2 layers: precoder 1 3 layers: precoder
cycling with large delay cycling with large delay
CDD CDD
2 reserved 2 4 layers: precoder
cycling with large delay
CDD
3 reserved 3 reserved

5.3.3.1.5B Format 2B
The following information is transmitted by means of the DCI format 2B:
- Carrier indicator — 0 or 3 bits. The field is present according to the definitions in [3].
- Resource allocation header (resource allocation type 0/ type 1) — 1 bit as defined in section 7.1.6 of [3]

If downlink bandwidth is less than or equal to 10 PRBs, there is no resource allocation header and resource
allocation type 0 is assumed.

- Resource block assignment:

- For resource allocation type 0 as defined in section 7.1.6.1 of [3]
- (N R | P-‘ bits provide the resource allocation

- For resource allocation type 1 as defined in section 7.1.6.2 of [3]

- |_Iog 2(P)-| bits of this field are used as a header specific to this resource allocation type to indicate the
selected resource blocks subset

- 1 bit indicates a shift of the resource allocation span
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- ({N Rs ! P-‘— [log 2(Pﬂ—l) bits provide the resource allocation

where the value of P depends on the number of DL resource blocks as indicated in section [7.1.6.1] of [3]

- TPC command for PUCCH - 2 bits as defined in section 5.1.2.1 of [3]

5.3.3.1.2-2.

- HARQ process number - 3 bits (for cases with FDD primary cell), 4 bits (for cases with TDD primary cell)

- Scrambling identity— 1 bit as defined in section 6.10.3.1 of [2]
- SRS request — [0-1] bit. This field can only be present for TDD and if present is defined in section 8.2 of [3]
In addition, for transport block 1:
- Modulation and coding scheme — 5 bits as defined in section 7.1.7 of [3]
- New data indicator — 1 bit
- Redundancy version — 2 bits
In addition, for transport block 2:
- Modulation and coding scheme — 5 bits as defined in section 7.1.7 of [3]
- New data indicator — 1 bit
- Redundancy version — 2 bits

- HARQ-ACK resource offset (this field is present when this format is carried by EPDCCH. This field is not present
when this format is carried by PDCCH) — 2 bits as defined in section 10.1 of [3]. The 2 bits are set to 0 when this
format is carried by EPDCCH on a secondary cell, or when this format is carried by EPDCCH on the primary
cell scheduling PDSCH on a secondary cell and the UE is configured with PUCCH format 3 for HARQ-ACK
feedback.

If both transport blocks are enabled, the number of layers equals two; transport block 1 is mapped to codeword 0; and
transport block 2 is mapped to codeword 1. Antenna ports 7 and 8 are used for spatial multiplexing.

In case one of the transport blocks is disabled, the number of layers equals one; the transport block to codeword
mapping is specified according to Table 5.3.3.1.5-2; and the antenna port for single-antenna port transmission is
according to Table 5.3.3.1.5B-1.

Table 5.3.3.1.5B-1: Antenna port for single-antenna port transmission (one transport block disabled).

New data indicator of the disabled transport block | Antenna port
0 7

1 8

If the number of information bits in format 2B carried by PDCCH belongs to one of the sizes in Table 5.3.3.1.2-1, one
zero bit shall be appended to format 2B.

5.3.3.1.5C Format 2C
The following information is transmitted by means of the DCI format 2C:

- Carrier indicator — 0 or 3 bits. The field is present according to the definitions in [3].
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- Resource allocation header (resource allocation type 0/ type 1) — 1 bit as defined in section 7.1.6 of [3]

If downlink bandwidth is less than or equal to 10 PRBs, there is no resource allocation header and resource
allocation type 0 is assumed.

- Resource block assignment:

- For resource allocation type 0 as defined in section 7.1.6.1 of [3]

- |_N Re | P-‘ bits provide the resource allocation

- For resource allocation type 1 as defined in section 7.1.6.2 of [3]

- [log , (P)] bits of this field are used as a header specific to this resource allocation type to indicate the
selected resource blocks subset

- 1 bit indicates a shift of the resource allocation span

- ({N Rs ! P-‘— [log 2(Pﬂ—l) bits provide the resource allocation

where the value of P depends on the number of DL resource blocks as indicated in section [7.1.6.1] of [3]

- TPC command for PUCCH - 2 bits as defined in section 5.1.2.1 of [3]

defined-in-section-10-2-of [3}Fhis-fieldis-notpresentin-FBBD—2 bits— number of bits as specified in Table
5.3.3.1.2-2.

- HARQ process number - 3 bits (for cases with FDD primary cell), 4 bits (for cases with TDD primary cell)

- Antenna port(s), scrambling identity and number of layers — 3 bits as specified in Table 5.3.3.1.5C-1 where nscip is
the scrambling identity for antenna ports 7 and 8 defined in section 6.10.3.1 of [2]

- SRS request — [0-1] bit. This field can only be present for TDD and if present is defined in section 8.2 of [3]
In addition, for transport block 1:

- Modulation and coding scheme — 5 bits as defined in section 7.1.7 of [3]

- New data indicator — 1 bit

- Redundancy version — 2 bits
In addition, for transport block 2:

- Modulation and coding scheme — 5 bits as defined in section 7.1.7 of [3]

- New data indicator — 1 bit

- Redundancy version — 2 bits

- HARQ-ACK resource offset (this field is present when this format is carried by EPDCCH. This field is not present
when this format is carried by PDCCH) — 2 bits as defined in section 10.1 of [3]. The 2 bits are set to 0 when this
format is carried by EPDCCH on a secondary cell, or when this format is carried by EPDCCH on the primary
cell scheduling PDSCH on a secondary cell and the UE is configured with PUCCH format 3 for HARQ-ACK
feedback.

If both transport blocks are enabled; transport block 1 is mapped to codeword 0; and transport block 2 is mapped to
codeword 1.
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In case one of the transport blocks is disabled; the transport block to codeword mapping is specified according to Table
5.3.3.1.5-2. For the single enabled codeword, Value = 4, 5, 6 in Table 5.3.3.1.5C-1 are only supported for
retransmission of the corresponding transport block if that transport block has previously been transmitted using two,
three or four layers, respectively.

If the number of information bits in format 2C carried by PDCCH belongs to one of the sizes in Table 5.3.3.1.2-1, one
zero bit shall be appended to format 2C.

Table 5.3.3.1.5C-1: Antenna port(s), scrambling identity and number of layers indication

One Codeword: Two Codewords:
Codeword 0 enabled, Codeword 0 enabled,
Codeword 1 disabled Codeword 1 enabled

Value Message Value Message
0 1 layer, port 7, nscip=0 0 2 layers, ports 7-8, nscip=0
1 1 layer, port 7, nscip=1 1 2 layers, ports 7-8, nscip=1
2 1 layer, port 8, nscip=0 2 3 layers, ports 7-9
3 1 layer, port 8, nscip=1 3 4 layers, ports 7-10
4 2 layers, ports 7-8 4 5 layers, ports 7-11
5 3 layers, ports 7-9 5 6 layers, ports 7-12
6 4 layers, ports 7-10 6 7 layers, ports 7-13
7 Reserved 7 8 layers, ports 7-14

5.3.3.1.5D Format 2D
The following information is transmitted by means of the DCI format 2D:
- Carrier indicator — 0 or 3 bits. The field is present according to the definitions in [3].
- Resource allocation header (resource allocation type 0/ type 1) — 1 bit as defined in section 7.1.6 of [3]

If downlink bandwidth is less than or equal to 10 PRBSs, there is no resource allocation header and resource
allocation type 0 is assumed.

- Resource block assignment:

- For resource allocation type 0 as defined in section 7.1.6.1 of [3]

- ’_N e | P-‘ bits provide the resource allocation

- For resource allocation type 1 as defined in section 7.1.6.2 of [3]

- [log , (P)] bits of this field are used as a header specific to this resource allocation type to indicate the
selected resource blocks subset

- 1 bit indicates a shift of the resource allocation span

- ({N Rl P-‘— [log 2(P)-|—1) bits provide the resource allocation

where the value of P depends on the number of DL resource blocks as indicated in section [7.1.6.1] of [3]

- TPC command for PUCCH — 2 bits as defined in section 5.1.2.1 of [3]

Ex.1007.00039



defined-in-section-10-2-6f [3}-This-field-is-hot presentin-FBD—2-bits— number of bits as specified in Table
5.3.3.1.2-2.

nn a) a a) a na ca A a
o 7 ot v/ g 2

- HARQ process number - 3 bits (for cases with FDD primary cell-), 4 bits (for cases with TDD primary cell)

- Antenna port(s), scrambling identity and number of layers — 3 bits as specified in Table 5.3.3.1.5C-1 where nscip is
the scrambling identity for antenna ports 7 and 8 defined in section 6.10.3.1 of [2]

- SRS request — [0-1] bit. This field can only be present for TDD and if present is defined in section 8.2 of [3]
In addition, for transport block 1:
- Modulation and coding scheme — 5 bits as defined in section 7.1.7 of [3]
- New data indicator — 1 bit
- Redundancy version — 2 bits
In addition, for transport block 2:
- Modulation and coding scheme — 5 bits as defined in section 7.1.7 of [3]
- New data indicator — 1 bit
- Redundancy version — 2 bits
- PDSCH RE Mapping and Quasi-Co-Location Indicator — 2 bits as defined in sections 7.1.9 and 7.1.10 of [3]

- HARQ-ACK resource offset (this field is present when this format is carried by EPDCCH. This field is not present
when this format is carried by PDCCH) — 2 bits as defined in section 10.1 of [3]. The 2 bits are set to 0 when this
format is carried by EPDCCH on a secondary cell, or when this format is carried by EPDCCH on the primary
cell scheduling PDSCH on a secondary cell and the UE is configured with PUCCH format 3 for HARQ-ACK
feedback.

If both transport blocks are enabled; transport block 1 is mapped to codeword 0; and transport block 2 is mapped to
codeword 1.

In case one of the transport blocks is disabled; the transport block to codeword mapping is specified according to Table
5.3.3.1.5-2. For the single enabled codeword, Value = 4, 5, 6 in Table 5.3.3.1.5C-1 are only supported for
retransmission of the corresponding transport block if that transport block has previously been transmitted using two,
three or four layers, respectively.

If the number of information bits in format 2D carried by PDCCH belongs to one of the sizes in Table 5.3.3.1.2-1, one
zero bit shall be appended to format 2D.

5.3.3.1.8 Format 4
DCI format 4 is used for the scheduling of PUSCH in one UL cell with multi-antenna port transmission mode,
The following information is transmitted by means of the DCI format 4:

- Carrier indicator — 0 or 3 bits. The field is present according to the definitions in [3].

UL
- Resource block assignment - max ﬂogz(N:BL(NFt{JBL +1)/2)", {Iog{UNRB /P +1—Dﬂ J bits, where P is the
4

UL RBG size as defined in section 8.1.2 of [3]

- For resource allocation type 0:
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- The Ulog »(Ngg (NgS +l)/2)-‘ ) LSBs provide the resource allocation in the UL subframe as defined in
section 8.1.1 of [3]

- For resource allocation type 1:

NG5 /P+1 | . -
-The | log, 4 LSBs provide the resource allocation in the UL subframe as defined in

section 8.1.2 of [3]
- TPC command for scheduled PUSCH — 2 bits as defined in section 5.1.1.1 of [3]
- Cyclic shift for DM RS and OCC index — 3 bits as defined in section 5.5.2.1.1 of [2]

- UL index — 2 bits as defined in sections 5.1.1.1, 7.2.1, 8 and 8.4 of [3] (this field is present only for TDD operation
with uplink-downlink configuration 0)

- Downlink Assignment Index (DAI) — 2 bits as defined in section 7.3 of [3] (this field is present only for cases with
TDD primary cell and either TDD operation with uplink-downlink configurations 1-6 or FDD operation)

- CSl request — 1 or 2 bits as defined in section 7.2.1 of [3]. The 2-bit field applies to
- UEs that are configured with more than one DL cell,
- UEs that are configured by higher layers with more than one CSI process;

- UEs that are configured with two CSI measurement sets by higher layers with the parameter csi-
MeasSubframeSet, and when the corresponding DCI format is mapped onto the UE specific search space
given by the C-RNT1 as defined in [3];

otherwise the 1-bit field applies
- SRS request — 2 bits as defined in section 8.2 of [3]
- Resource allocation type — 1 bit as defined in section 8.1 of [3]
In addition, for transport block 1:
- Modulation and coding scheme and redundancy version — 5 bits as defined in section 8.6 of [3]
- New data indicator — 1 bit
In addition, for transport block 2:
- Modulation and coding scheme and redundancy version — 5 bits as defined in section 8.6 of [3]
- New data indicator — 1 bit

Precoding information and number of layers: number of bits as specified in Table 5.3.3.1.8-1. Bit field as shown in
Table 5.3.3.1.8-2 and Table 5.3.3.1.8- 3. Note that TPMI for 2 antenna ports indicates which codebook index is to be
used in Table 5.3.3A.2-1 of [2], and TPMI for 4 antenna ports indicates which codebook index is to be used in Table
5.3.3A.2-2, Table 5.3.3A.2-3, Table 5.3.3A.2-4 and Table 5.3.3A.2-5 of [2]. If both transport blocks are enabled,
transport block 1 is mapped to codeword 0; and transport block 2 is mapped to codeword 1. In case one of the transport
blocks is disabled, the transport block to codeword mapping is specified according to Table 5.3.3.1.5-2. For a single
enabled codeword, indices 24 to 39 in Table 5.3.3.1.8-3 are only supported for retransmission of the corresponding
transport block if that transport block has previously been transmitted using two layers.

Table 5.3.3.1.8-1: Number of bits for precoding information.

Number of antenna ports at UE Number of bits for precoding information
2 3
4 6
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Table 5.3.3.1.8-2: Content of precoding information field for 2 antenna ports

One codeword: Two codewords:
Codeword 0 enabled Codeword 0 enabled
Codeword 1 disabled Codeword 1 enabled
Bit field mapped to index Message Bit field mapped to index Message

0 1 layer: TPMI=0 0 2 layers: TPMI=0
1 1 layer: TPMI=1 1-7 reserved
2 1 layer: TPMI=2
5 1 layer: TPMI=5

6-7 reserved

Table 5.3.3.1.8-3: Content of precoding information field for 4 antenna ports

One codeword:
Codeword 0 enabled
Codeword 1 disabled

Two codewords:
Codeword 0 enabled
Codeword 1 enabled

Bit field mapped to index Message Bit field mapped to index Message
0 1 layer: TPMI=0 0 2 layers: TPMI=0
1 1 layer: TPMI=1 1 2 layers: TPMI=1
23 1 layer: TPMI=23 15 2 layers: TPMI=15
24 2 layers: TPMI=0 16 3 layers: TPMI=0
25 2 layers: TPMI=1 17 3 layers: TPMI=1
39 2 layers: TPMI=15 27 3 layers: TPMI=11
40-63 reserved 28 4 layers: TPMI=0
29-63 Reserved

If the number of information bits in format 4 is equal to the payload size for DCI format 1, 2, 2A, 2B, 2C or 2D

associated with the configured DL transmission mode in the same serving cell, one zero bit shall be appended to format
4,
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