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	Reason for change:
	If type-2 HARQ-ACK codebook is used and the number of UCI bits on PUCCH format 2/3/4 is no more than 11, UE determines a number of HARQ-ACK information bits  for obtaining a transmission power for a PUCCH, as below if UE is not configured with CBG based transmission on any of the configured serving cell:

The former part in the equation as highlighted in blue is used to determine the number of HARQ-ACK bits corresponding to the miss detected DCIs, and the latter part in the equation as highlighted green is used to determine the number of actual HARQ-ACK bits corresponding to the received DCIs and SPS PDSCHs.
The issue is that in some cases, the number of miss detected DCIs determined by the equation does not equal to the actual number of miss detected DCIs by UE, and then a wrong parameter for PUCCH power control may be used. As an example shown in Figure 1, assuming there are 11 PDSCHs with corresponding DCI and the DAI information is given in the figure, the HARQ-ACKs corresponding to these PDSCHs are transmitted in PUCCH in slot n+4, to determine the PUCCH power, UE should first determine . If four DCIs corresponding to the PUCCH are missed by the UE, then the number of missed DCI is determined as below:



Figure 1 Four DCIs corresponding to the PUCCH is missed by UE
It can be seen that a wrong number of missed DCI is determined by UE, and the determined PUCCH power is smaller than needed. Considering that up to 16 DL carriers are supported to be aggreted by UE in NR, missing more than 3 DCIs by UE is not a corner case, hence the definition of  should be updated to reflect the actual number of missed DCI.
Similiarly, the definition of  should also be updated if UE is configured with CBG based transmission on any of the configured serving cell.
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	If type-2 HARQ-ACK codebook is used and the number of UCI bits on PUCCH format 2/3/4 is no more than 11, UE determines a number of HARQ-ACK information bits  for obtaining a transmission power for a PUCCH as below:
1) If UE is not configured with CBG based transmission on any of the configured serving cell:

Where  is a number of circuler times of C-DAI as  determined in the peusdo code for HARQ-ACK codebook determination；
2) If UE is configured with CBG based transmission on any of the configured serving cell:


Where  is a number of circuler times of C-DAI as  determined in the peusdo code for CBG based HARQ-ACK sub-codebook determination.

	
	

	Consequences if not approved:
	If UE missed more than 3 DCIs scheduling PDSCHs corresponding a PUCCH, the number of miss detected DCIs determined by the PUCCH power control equation does not equal to the actual number of miss detected DCIs by UE, then a wrong parameter for PUCCH power control may be used and the determined PUCCH power is smaller than needed, which would decrease the PUCCH performance.
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[bookmark: _Toc44877070][bookmark: _Toc51963701][bookmark: _Toc74673448]9.1.3.1	Type-2 HARQ-ACK codebook in physical uplink control channel


A UE determines monitoring occasions for PDCCH with DCI format 1_0 or DCI format 1_1 for scheduling PDSCH receptions or SPS PDSCH release on an active DL BWP of a serving cell , as described in Clause 10.1, and for which the UE transmits HARQ-ACK information in a same PUCCH in slot  based on

-	PDSCH-to-HARQ_feedback timing indicator field values for PUCCH transmission with HARQ-ACK information in slot  in response to PDSCH receptions or SPS PDSCH release

-	slot offsets  [6, TS 38.214] provided by time domain resource assignment field in DCI format 1_0 or DCI format 1_1 for scheduling PDSCH receptions and by pdsch-AggregationFactor, when provided.

The set of PDCCH monitoring occasions for DCI format 1_0 or DCI format 1_1 for scheduling PDSCH receptions or SPS PDSCH release is defined as the union of PDCCH monitoring occasions across active DL BWPs of configured serving cells, ordered in ascending order of start time of the search space set associated with a PDCCH monitoring occasion. The cardinality of the set of PDCCH monitoring occasions defines a total number  of PDCCH monitoring occasions.


A value of the counter downlink assignment indicator (DAI) field in DCI format 1_0 or DCI format 1_1 denotes the accumulative number of {serving cell, PDCCH monitoring occasion}-pair(s) in which PDSCH reception(s) or SPS PDSCH release associated with DCI format 1_0 or DCI format 1_1 is present, up to the current serving cell and current PDCCH monitoring occasion, first in ascending order of serving cell index and then in ascending order of PDCCH monitoring occasion index , where . 

The value of the total DAI, when present [5, TS 38.212], in DCI format 1_1 denotes the total number of {serving cell, PDCCH monitoring occasion}-pair(s) in which PDSCH reception(s) or SPS PDSCH release associated with DCI format 1_0 or DCI format 1_1 is present, up to the current PDCCH monitoring occasion  and is updated from PDCCH monitoring occasion to PDCCH monitoring occasion. 






Denote by  the value of the counter DAI in DCI format 1_0 or DCI format 1_1 for scheduling on serving cell  in PDCCH monitoring occasion  according to Table 9.1.3-1. Denote by  the value of the total DAI in DCI format 1_1 in PDCCH monitoring occasion  according to Table 9.1.3-1. The UE assumes a same value of total DAI in all DCI formats 1_1 in PDCCH monitoring occasion .



If the UE transmits HARQ-ACK information in a PUCCH in slot  and for any PUCCH format, the UE determines the , for a total number of  HARQ-ACK information bits, according to the following pseudo-code:

Set  – PDCCH with DCI format 1_0 or DCI format 1_1 monitoring occasion index: lower index corresponds to earlier PDCCH with DCI format 1_0 or DCI format 1_1 monitoring occasion

Set 

Set 

Set 

Set 

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

Set  to the number of PDCCH monitoring occasion(s)

while 

Set  – serving cell index: lower indexes correspond to lower RRC indexes of corresponding cell

while 



if PDCCH monitoring occasion  is before an active DL BWP change on serving cell  or an active UL BWP change on the PCell and an active DL BWP change is not triggered by a DCI format 1_1 in PDCCH monitoring occasion  

;
else



if there is a PDSCH on serving cell  associated with PDCCH in PDCCH monitoring occasion , or there is a PDCCH indicating SPS PDSCH release on serving cell  

if 


end if



if 


else 


end if

if harq-ACK-SpatialBundlingPUCCH is not provided and  is a monitoring occasion for PDCCH with DCI format 1_0 or DCI format 1_1 and the UE is configured by maxNrofCodeWordsScheduledByDCI with reception of two transport blocks for at least one configured DL BWP of at least one serving cell,

 = HARQ-ACK information bit corresponding to the first transport block of this cell

 = HARQ-ACK information bit corresponding to the second transport block of this cell



elseif harq-ACK-SpatialBundlingPUCCH is provided to the UE and  is a monitoring occasion for PDCCH with DCI format 1_1 and the UE is configured by maxNrofCodeWordsScheduledByDCI with reception of two transport blocks in at least one configured DL BWP of a serving cell,

 = binary AND operation of the HARQ-ACK information bits corresponding to the first and second transport blocks of this cell


else

 = HARQ-ACK information bit of this cell


end if 
end if


end if
end while


end while

if 


end if
if harq-ACK-SpatialBundlingPUCCH is not provided to the UE and the UE is configured by maxNrofCodeWordsScheduledByDCI with reception of two transport blocks for at least one configured DL BWP of a serving cell,


else


end if


 for any 

Set  

while 




if SPS PDSCH reception is activated for a UE and the UE is configured to receive SPS PDSCH in a slot  for serving cell , where  is the PDSCH-to-HARQ-feedback timing value for SPS PDSCH on serving cell 



= HARQ-ACK information bit associated with the SPS PDSCH reception
end if

;
end while
For a PDCCH monitoring occasion with DCI format 1_0 or DCI format 1_1 in the active DL BWP of a serving cell, when a UE receives a PDSCH with one transport block or a SPS PDSCH release, and the value of maxNrofCodeWordsScheduledByDCI is 2, the HARQ-ACK information is associated with the first transport block and the UE generates a NACK for the second transport block if harq-ACK-SpatialBundlingPUCCH is not provided and generates HARQ-ACK information with value of ACK for the second transport block if harq-ACK-SpatialBundlingPUCCH is provided. 



If a UE is not provided PDSCH-CodeBlockGroupTransmission for each of the  serving cells, or for PDSCH receptions scheduled by DCI format 1_0, or for SPS PDSCH reception, or for SPS PDSCH release, and if , the UE determines a number of HARQ-ACK information bits  for obtaining a transmission power for a PUCCH, as described in Clause 7.2.1, as 

[bookmark: _GoBack]
where 




-	if ,  is the value of the counter DAI in the last DCI format 1_0 or DCI format 1_1 scheduling PDSCH reception or indicating SPS PDSCH release for any serving cell  that the UE detects within the  PDCCH monitoring occasions. 

-	if  



-	if the UE does not detect any DCI format 1_1 in a last PDCCH monitoring occasion within the  PDCCH monitoring occasions where the UE detects at least one DCI format scheduling PDSCH reception or indicating SPS PDSCH release for any serving cell ,  is the value of the counter DAI in a last DCI format 1_0 the UE detects in the last PDCCH monitoring occasion



-	if the UE detects at least one DCI format 1_1 in a last PDCCH monitoring occasion within the  PDCCH monitoring occasions where the UE detects at least one DCI format scheduling PDSCH reception or indicating SPS PDSCH release for any serving cell ,  is the value of the total DAI in the at least one DCI format 1_1



-	 if the UE does not detect any DCI format 1_0 or DCI format 1_1 scheduling PDSCH reception or indicating SPS PDSCH release for any serving cell  in any of the  PDCCH monitoring occasions.
-	 ；






-	 is the total number of DCI format 1_0 and DCI format 1_1 scheduling PDSCH receptions or indicating SPS PDSCH release that the UE detects within the  PDCCH monitoring occasions for serving cell .  if the UE does not detect any DCI format 1_0 or DCI format 1_1 scheduling PDSCH reception or indicating SPS PDSCH release for serving cell  in any of the  PDCCH monitoring occasions.



-	 if the value of maxNrofCodeWordsScheduledByDCI is 2 for any serving cell  and harq-ACK-SpatialBundlingPUCCH is not provided; otherwise, .







-	 is the number of transport blocks the UE receives in a PDSCH scheduled by DCI format 1_0 or DCI format 1_1 that the UE detects in PDCCH monitoring occasion  for serving cell  if harq-ACK-SpatialBundlingPUCCH is not provided, or the number of PDSCH scheduled by DCI format 1_0 and DCI format 1_1 that the UE detects in PDCCH monitoring occasion  for serving cell  if harq-ACK-SpatialBundlingPUCCH is provided, or the number of DCI format 1_0 that the UE detects and indicate SPS PDSCH release in PDCCH monitoring occasion  for serving cell . 



-	 is the number of SPS PDSCH receptions by the UE on serving cell  for which the UE transmits corresponding HARQ-ACK information in the same PUCCH as for HARQ-ACK information corresponding to PDSCH receptions within the  PDCCH monitoring occasions.
If a UE 

-	is provided PDSCH-CodeBlockGroupTransmission for  serving cells; and


-	is not provided PDSCH-CodeBlockGroupTransmission, for  serving cells where 

the UE determines the  according to the previous pseudo-code with the following modifications



-	 is used for the determination of a first HARQ-ACK sub-codebook for SPS PDSCH release, SPS PDSCH reception, and for TB-based PDSCH receptions scheduled by DCI formats 1_0 on the  serving cells and by DCI formats 1_0 and DCI formats 1_1 on the  serving cells



-	 is replaced by  for the determination of a second HARQ-ACK sub-codebook corresponding to the  serving cells for CBG-based PDSCH receptions scheduled by DCI format 1_1, and











-	Instead of generating one HARQ-ACK information bit per transport block for a serving cell from the  serving cells, the UE generates  HARQ-ACK information bits, where  is the maximum value of  across all  serving cells and  is the value of maxNrofCodeWordsScheduledByDCI for serving cell . If for a serving cell  it is , the UE generates NACK for the last  HARQ-ACK information bits for serving cell 
-	The pseudo-code operation when harq-ACK-SpatialBundlingPUCCH is provided is not applicable
-	The counter DAI value and the total DAI value apply separately for each HARQ-ACK sub-codebook
-	The UE generates the HARQ-ACK codebook by appending the second HARQ-ACK sub-codebook to the first HARQ-ACK sub-codebook


If , the UE also determines  for obtaining a PUCCH transmission power, as described in Clause 7.2.1, with 
	


where




-	if ,  is the value of the counter DAI in the last DCI format 1_1 scheduling CBG-based PDSCH reception for any serving cell  that the UE detects within the  PDCCH monitoring occasions 




-	if ,  is the value of the total DAI in the last DCI format 1_1 scheduling CBG-based PDSCH reception for any serving cell  that the UE detects within the  PDCCH monitoring occasions



-	 if the UE does not detect any DCI format 1_1 scheduling CBG-based PDSCH reception for any serving cell  in any of the  PDCCH monitoring occasions 
-	 for the second HARQ-ACK sub-codebook；






-	 is the total number of DCI format 1_1 scheduling CBG-based PDSCH receptions that the UE detects within the  PDCCH monitoring occasions for serving cell .  if the UE does not detect any DCI format 1_1 scheduling CBG-based PDSCH reception for serving cell  in any of the  PDCCH monitoring occasions



-	 is the number of CBGs the UE receives in a PDSCH scheduled by DCI format 1_1 that the UE detects in PDCCH monitoring occasion  for serving cell  and the UE reports corresponding HARQ-ACK information in the PUCCH

Table 9.1.3-1: Value of counter DAI in DCI format 1_0 and of counter DAI or total DAI in DCI format 1_1
	DAI
MSB, LSB
	

 or  
	

Number of {serving cell, PDCCH monitoring occasion}-pair(s) in which PDSCH transmission(s) associated with PDCCH or PDCCH indicating SPS PDSCH release is present, denoted as  and 

	0,0
	1
	


	0,1
	2
	


	1,0
	3
	


	1,1
	4
	




oleObject45.bin

image38.wmf
m


oleObject46.bin

image39.wmf
ACK

V

j

m

c

o

1

4

DL

,

,

DAI

C

~

-

+

-


oleObject47.bin

image40.wmf
{

}

1

4

DL

,

,

DAI

C

-

+

=

-

m

c

s

s

V

j

V

V

U


oleObject48.bin

image41.wmf
ACK

V

j

DL

m

c

DAI

C

o

1

4

,

,

~

-

+

-


oleObject49.bin

image42.wmf
{

}

1

4

DL

,

,

DAI

C

-

+

=

-

m

c

s

s

V

j

V

V

U


oleObject50.bin

image43.wmf
1

+

=

c

c


oleObject51.bin

image44.wmf
1

+

=

m

m


oleObject52.bin

image45.wmf
temp

temp

V

V

<

2


oleObject53.bin

oleObject54.bin

image46.wmf
(

)

2

4

2

temp

ACK

V

j

O

+

×

×

=


oleObject55.bin

image47.wmf
2

4

temp

ACK

V

j

O

+

×

=


oleObject56.bin

image48.wmf
NACK

~

=

ACK

i

o


oleObject57.bin

image49.wmf
{

}

s

ACK

V

O

i

\

1

,...,

1

,

0

-

Î


oleObject58.bin

oleObject59.bin

image50.wmf
DL

cells

N

c

<


oleObject60.bin

image51.wmf
c

K

n

,

1

-


oleObject61.bin

oleObject62.bin

image52.wmf
c

K

,

1


oleObject63.bin

oleObject64.bin

image53.wmf
1

+

=

ACK

ACK

O

O


oleObject65.bin

image54.wmf
ACK

O

ACK

o

1

-


oleObject66.bin

oleObject67.bin

oleObject68.bin

image55.wmf
11

CSI

SR

ACK

£

+

+

O

O

O


oleObject69.bin

image56.wmf
ACK

-

HARQ

n


oleObject70.bin

image57.wmf
å

å

å

-

=

-

=

-

=

÷

÷

ø

ö

ç

ç

è

æ

+

+

÷

÷

ø

ö

ç

ç

è

æ

÷

÷

ø

ö

ç

ç

è

æ

-

=

=

1

0

1

0

SPS

received

,

DL

max

TB,

1

0

DAI,

DL

,

DAI

TB

ACK,

-

HARQ

ACK

-

HARQ

DL

cells

DL

cells

last

4

mod

N

c

M

m

,c

c

m

N

c

c

m

N

N

N

U

V

n

n


oleObject71.bin

image58.wmf
1

DL

cells

=

N


oleObject72.bin

image59.wmf
DL

,

DAI

last

m

V


oleObject73.bin

image60.wmf
c


oleObject74.bin

oleObject75.bin

image61.wmf
1

DL

cells

>

N


oleObject76.bin

oleObject77.bin

oleObject78.bin

image62.wmf
DL

,

DAI

last

m

V


oleObject79.bin

oleObject80.bin

oleObject81.bin

oleObject82.bin

image63.wmf
0

DL

,

DAI

last

=

m

V


oleObject83.bin

oleObject84.bin

oleObject85.bin

image64.wmf
c

U

DAI,


oleObject86.bin

image65.wmf
M


oleObject87.bin

oleObject88.bin

image66.wmf
0

DAI,

=

c

U


oleObject89.bin

oleObject90.bin

oleObject91.bin

image67.wmf
2

DL

max

TB,

=

N


oleObject92.bin

oleObject93.bin

image68.wmf
1

DL

max

TB,

=

N


image1.emf
C-DAI=1

T-DAI=4

Slot n Slot n+1 Slot n+2 Slot n+3 Slot n+4

CC 1

CC 1

CC 2

CC 2

PUCCH

CC 3

CC 3

CC 4

CC 4

C-DAI=2

T-DAI=4

C-DAI=3

T-DAI=4

C-DAI=4

T-DAI=4

C-DAI=1

T-DAI=2

C-DAI=3

T-DAI=4

C-DAI=4

T-DAI=4

C-DAI=2

T-DAI=2

C-DAI=1

T-DAI=3

C-DAI=2

T-DAI=3

C-DAI=3

T-DAI=3


oleObject94.bin

image69.wmf
received

,

c

m

N


oleObject95.bin

image70.wmf
m


oleObject96.bin

oleObject97.bin

image71.wmf
m


oleObject98.bin

oleObject99.bin

oleObject100.bin

oleObject1.bin
�

C-DAI=1
T-DAI=4


Slot n


Slot n+1


Slot n+2


Slot n+3


Slot n+4



oleObject101.bin

image72.wmf
,c

N

SPS


oleObject102.bin

oleObject103.bin

oleObject104.bin

image73.wmf
CBG

DL,

cells

N


oleObject105.bin

image74.wmf
TB

DL,

cells

N


oleObject106.bin

image75.wmf
DL

cells

CBG

DL,

cells

TB

DL,

cells

N

N

N

=

+


oleObject107.bin

oleObject108.bin

image76.wmf
DL

cells

N


oleObject109.bin

image77.wmf
CBG

DL,

cells

N


oleObject110.bin

oleObject111.bin

oleObject112.bin

oleObject113.bin

oleObject114.bin

image2.wmf
c


oleObject115.bin

image78.wmf
max

CBG/TB,

max

ACK,

HARQ

-

N


oleObject116.bin

image79.wmf
max

CBG/TB,

max

ACK,

HARQ

-

N


oleObject117.bin

image80.wmf
max

CBG/TB,

ACK,

HARQ

DL

TB,

c

c

N

N

-

×


oleObject118.bin

oleObject119.bin

image81.wmf
DL

TB,

c

N


oleObject120.bin

oleObject2.bin

oleObject121.bin

oleObject122.bin

image82.wmf
max

CBG/TB,

max

ACK,

HARQ

max

CBG/TB,

ACK,

HARQ

DL

TB,

-

-

<

×

N

N

N

c

c


oleObject123.bin

image83.wmf
max

CBG/TB,

ACK,

HARQ

DL

TB,

max

CBG/TB,

max

ACK,

HARQ

c

c

N

N

N

-

-

×

-


oleObject124.bin

oleObject125.bin

oleObject126.bin

image84.wmf
CBG

ACK,

-

HARQ

TB

ACK,

-

HARQ

ACK

-

HARQ

n

n

n

+

=


oleObject127.bin

image3.wmf
n


image85.wmf
å

å

å

-

=

-

=

-

-

=

+

÷

÷

ø

ö

ç

ç

è

æ

÷

÷

ø

ö

ç

ç

è

æ

-

=

1

0

1

0

CBG

received,

,

max

CBG/TB,

max

ACK,

HARQ

1

0

CBG

DAI,

DL

,

DAI

CBG

ACK,

-

HARQ

DL

cells

DL,CBG

cells

last

4

mod

N

c

M

m

c

m

N

c

c

m

N

N

U

V

n


oleObject128.bin

image86.wmf
1

DL

cells

=

N


oleObject129.bin

image87.wmf
DL

,

DAI

last

m

V


oleObject130.bin

oleObject131.bin

oleObject132.bin

image88.wmf
1

DL

cells

>

N


oleObject133.bin

oleObject3.bin

oleObject134.bin

oleObject135.bin

oleObject136.bin

oleObject137.bin

oleObject138.bin

oleObject139.bin

image89.wmf
CBG

DAI,

c

U


oleObject140.bin

oleObject141.bin

oleObject142.bin

image4.wmf
n


image90.wmf
0

CBG

DAI,

=

c

U


oleObject143.bin

oleObject144.bin

oleObject145.bin

image91.wmf
CBG

received,

,

c

m

N


oleObject146.bin

image92.wmf
m


oleObject147.bin

oleObject148.bin

image93.wmf
DL

DAI

C

-

V


oleObject4.bin

oleObject149.bin

image94.wmf
DL

DAI

T

-

V


oleObject150.bin

image95.wmf
Y


oleObject151.bin

image96.wmf
1

³

Y


oleObject152.bin

image97.wmf
(

)

1

1

4

mod

1

=

+

-

Y


oleObject153.bin

image98.wmf
(

)

2

1

4

mod

1

=

+

-

Y


image5.wmf
0

K


oleObject154.bin

image99.wmf
(

)

3

1

4

mod

1

=

+

-

Y


oleObject155.bin

image100.wmf
(

)

4

1

4

mod

1

=

+

-

Y


oleObject156.bin

oleObject5.bin

image6.wmf
M


oleObject6.bin

image7.wmf
m


oleObject7.bin

image8.wmf
M

m

<

£

0


oleObject8.bin

image9.wmf
m


oleObject9.bin

image10.wmf
DL

DAI,

C

c,m

V

-


oleObject10.bin

image11.wmf
c


oleObject11.bin

image12.wmf
m


oleObject12.bin

image13.wmf
DL

DAI,

T

m

V

-


oleObject13.bin

oleObject14.bin

oleObject15.bin

image14.wmf
n


oleObject16.bin

image15.wmf
ACK

O

ACK

ACK

ACK

o

o

o

1

1

0

~

,...,

~

 

,

~

-


oleObject17.bin

image16.wmf
ACK

O


oleObject18.bin

image17.wmf
0

=

m


oleObject19.bin

image18.wmf
0

=

j


oleObject20.bin

image19.wmf
0

=

temp

V


oleObject21.bin

image20.wmf
0

2

=

temp

V


oleObject22.bin

image21.wmf
Æ

=

s

V


oleObject23.bin

image22.wmf
DL

cells

N


oleObject24.bin

oleObject25.bin

image23.wmf
M

m

<


oleObject26.bin

image24.wmf
0

=

c


oleObject27.bin

image25.wmf
DL

cells

N

c

<


oleObject28.bin

oleObject29.bin

image26.wmf
c


oleObject30.bin

oleObject31.bin

image27.wmf
1

+

=

c

c


oleObject32.bin

image28.wmf
c


oleObject33.bin

oleObject34.bin

oleObject35.bin

image29.wmf
temp

m

c

V

V

£

-

DL

,

,

DAI

C


oleObject36.bin

image30.wmf
1

+

=

j

j


oleObject37.bin

image31.wmf
DL

,

,

DAI

C

m

c

temp

V

V

-

=


oleObject38.bin

image32.wmf
Æ

=

-

DL

,

DAI

T

m

V


oleObject39.bin

image33.wmf
DL

,

,

DAI

C

2

m

c

temp

V

V

-

=


oleObject40.bin

image34.wmf
DL

,

DAI

T

2

m

temp

V

V

-

=


oleObject41.bin

oleObject42.bin

image35.wmf
(

)

ACK

V

j

DL

m

c

DAI

C

o

1

2

8

,

,

~

-

+

-


oleObject43.bin

image36.wmf
(

)

ACK

V

j

DL

m

c

DAI

C

o

1

1

2

8

,

,

~

+

-

+

-


oleObject44.bin

image37.wmf
(

)

(

)

{

}

1

1

2

8

,

1

2

8

DL

,

,

DAI

C

DL

,

,

DAI

C

+

-

+

-

+

=

-

-

m

c

m

c

s

s

V

j

V

j

V

V

U


