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Introduction
This contribution aims to collect and summarize company views on the correction on Type-2 HARQ-ACK codebook for receiving multiple DCIs per MO per CC as raised in [1], [2] and [3]. 
Please consider entering the contact information below for better coordination for this discussion. 
	Company
	Contact(s)
	Email address(es)

	Samsung (Moderator)
	Sa Zhang
	sa.zhang@samsung.com

	ZTE
	Xingguang WEI
	wei.xingguang@zte.com.cn

	MTK
	James (CH) Hsieh
	CH.Hsieh@mediatek.com

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	


Background
The issue of Type-2 HARQ-ACK codebook generation for receiving multiple DCIs per MO per CC was discussed in last meeting without consensus [4]. It was pointed out by Samsung that the current parameter highlight below in the specification below is not correct. However, how to capture the correct parameters did not reach a consensus in the last meeting.
	Set  to the number of serving cells configured by higher layers for the UE
-	if, for an active DL BWP of a serving cell, the UE is not provided coresetPoolIndex or is provided coresetPoolIndex with value 0 for one or more first CORESETs and is provided coresetPoolIndex with value 1 for one or more second CORESETs, and is provided ackNackFeedbackMode = joint, the serving cell is counted two times where the first time corresponds to the first CORESETs and the second time corresponds to the second CORESETs
-	if the UE indicates type2-HARQ-ACK-Codebook, a serving cell is counted  times where  is the number of PDSCH receptions that can be scheduled for the serving cell by DCI formats in PDCCH receptions at a same PDCCH monitoring occasion based on the reported value of type2-HARQ-ACK-Codebook




It was also pointed out by Ericsson that up to 2 DL DCIs can be received in the same monitoring occasion, when UE reports both FG 3-5b and type2-HARQ-ACK-Codebook-r16 and the following proposal is made [4].
	Proposal 1	If specification is updated to correct the value of  for UE indicating FG18-9 (type2-HARQ-ACK-Codebook), the update should reflect that  is also based on pdcch-MonitoringAnyOccasionsWithSpanGap (when applicable).



To avoid introducing multiple UE capabilities, it was proposed by Samsung to use the actual number of received DCIs to determine  for simplicity [1], [2]. In addition, Samsung pointed out that the order for the received multiple DCIs in a same MO for a same serving cell is not defined in the current specifications. Samsung also pointed out a typo in the pseudo-code for Type-2 HARQ-ACK codebook generation.
Discussion
1st round discussion
Issue#1: Determination of 
If a UE is capable of receiving multiple DCIs in a same MO for a same serving cell, the size of HARQ-ACK codebook depends on the actual received DCIs instead of the maximum of the number of DCIs. For example, the maximum of the number of DCIs is 4 for a same MO for a same serving cell, and the UE receives two DCIs with C-DAI = 1 and C-DAI = 2, respectively, in a same MO for a same serving cell, and the T-DAI = 2 as shown in Figure 1, the UE will generate 2 HARQ-ACK bits instead 4 bits. In this case, the serving cell only needs to be counted 2 times instead of 4 times. For another example, if a UE only receives one DCI format, the UE does not need to count the serving cell multiple times. The UE behavior is the same as legacy.
[image: ]
Figure 1
Q1: Do you agree that the counted times  for a serving cell can be determined based on the number of actual received DCIs? If not, please clarify the reason.
	Company
	View

	ZTE
	Yes

	MTK
	Yes

	CATT
	Yes

	Samsung
	Yes

	LGE
	Yes

	
	

	
	



Using the actual number of received DCIs can avoid introducing all the related UE capabilities in TS38.213 and the readability of the specifications can also be improved.
Q2: Do you agree to use the actual number of received DCIs to determine  ? If not, please clarify the reason.
	Company
	View

	ZTE
	Yes

	MTK
	Yes

	CATT
	Yes

	Samsung
	Yes

	LGE
	Yes

	
	

	
	



Q3: Do you agree with the highlight text in the TP below? If not, please clarify the reason.
	Set  to the number of serving cells configured by higher layers for the UE
-	if, for an active DL BWP of a serving cell, the UE is not provided coresetPoolIndex or is provided coresetPoolIndex with value 0 for one or more first CORESETs and is provided coresetPoolIndex with value 1 for one or more second CORESETs, and is provided ackNackFeedbackMode = joint, the serving cell is counted two times where the first time corresponds to the first CORESETs and the second time corresponds to the second CORESETs
-	if the UE indicates type2-HARQ-ACK-Codebook and receives a number  of PDSCHs on a serving cell c that are scheduled by DCI formats in PDCCH receptions at a same PDCCH monitoring occasion m, a the serving cell c is counted   times for PDCCH monitoring occasion m in increasing order of the PDSCH reception starting time where  is the number of PDSCH receptions that can be scheduled for the serving cell by DCI formats in PDCCH receptions at a same PDCCH monitoring occasion based on the reported value of type2-HARQ-ACK-Codebook




	Company
	View

	ZTE
	We are open with this change, although we think even if we delete this paragraph, the pseudo code still works since anyway the number of HARQ-ACK bits are counted according to DAI.

	Moderator
	@ZTE 
From Moderator’s understanding, the generation of HARQ-ACK codebook does not simply depends on DAI values, actually, the ordering of DAI is used to identify gNB behavior regarding the how to set the DAI values in the DCI. From UE’s perspective, the pseudo-code is used to determining the HARQ-ACK bits including detecting the missing DCIs.  Following ZTE’s logic, it seems the two while loops for PDCCH MO and serving cell index in the pseudo-code is not needed either because the definition of DAI already defines the order. 

	MTK
	We support the TP. The proposed text assists to clarify the UE behavior for FG 18-9 and avoid potential confusion of HARQ-ACK bits ordering. 

	ZTE
	@Moderator
Based on our understanding, the UE determines the HARQ-ACK codebook bits according the pseudo-code and DAI ordering rule. The reason to have PDCCH MO while loop is the DAI ordering is only for the PDCCH receives in the same MO, UE needs to generate HARQ-ACK codebooks in different MO; the reason to have serving cell index while loop is because different UE behaviors may be required due to the DL BWP in each cell. 
However, for this particular case in this CR, there is no ambiguity, the UE only needs to generate the HARQ-ACK codebook according to the pseudo-code and DAI ordering.


	Moderator
	@ZTE
Regarding your comment that the UE only needs to generate the HARQ-ACK codebook according to the pseudo-code and DAI ordering. Could you please help point out where in the spec state that HARQ-ACK codebook is generated based on DAI ordering rule? 

From Moderator’s understanding, UE generates the HARQ-ACK codebook according to the pseudo-code and the pseudo-code only uses the DAI values in the DCIs, the ordering rule of DAI is not mentioned.



	CATT
	We agree with the highlight text in the TP to define the UE behavior on how to set  in case multiple DCIs are received in the same MO on the same CC.

	Samsung
	Agree. The spec clearly states the HARQ-ACK codebook according to the pseudo-code, clarification is necessary.

	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 scheduling PDSCH reception, or having associated HARQ-ACK information without scheduling a PDSCH reception, monitoring occasion index: lower index corresponds to earlier PDCCH monitoring occasion
Set 
Set 
Set 
Set 





	Huawei, HiSilicon
	We support the TP.

	LGE
	OK with the TP.



Issue#2: Ordering the HARQ-ACK bits for DCIs in a same PDCCH MO for a same serving cell
In [1], [2], Samsung pointed out another related issue that the order of the HARQ-ACK bits corresponding to the multiple DCIs in the same MO is not specified. As indicated in the description of FG 18-9, the HARQ-ACK bits are ordered based on the PDSCH starting time in addition to the ordering based on the cell index and the monitoring occasion index. This is also aligned with the UE behavior for determining the counter DAI in case of FG 18-9 (copied below). 
For comparison, the corresponding ordering of HARQ-ACK bits for the case of multi-TRP (two coresetPoolIndex values) is captured in [TS 38.213 v16.15.0] as shown in the excerpt above, which is aligned with the corresponding ordering specified for the counter DAI, as shown in the excerpt below.
Excerpt from [TS 38.213 v16.15.0], Clause 9.1.3.1
A value of the counter downlink assignment indicator (DAI) field in DCI formats denotes the accumulative number of {serving cell, PDCCH monitoring occasion}-pair(s) in which PDSCH reception(s), SPS PDSCH release or SCell dormancy indication associated with the DCI formats, excluding the SPS activation DCI, is present up to the current serving cell and current PDCCH monitoring occasion, 
-	first, if the UE indicates by type2-HARQ-ACK-Codebook support for more than one PDSCH reception on a serving cell that are scheduled from a same PDCCH monitoring occasion, in increasing order of the PDSCH reception starting time for the same {serving cell, PDCCH monitoring occasion} pair, 
-	second in ascending order of serving cell index, and 
-	third in ascending order of PDCCH monitoring occasion index , where . 
If, for an active DL BWP of a serving cell, the UE is not provided coresetPoolIndex or is provided coresetPoolIndex with value 0 for one or more first CORESETs and is provided coresetPoolIndex with value 1 for one or more second CORESETs, and is provided ackNackFeedbackMode = joint, the value of the counter DAI is in the order of the first CORESETs and then the second CORESETs for a same serving cell index and a same PDCCH monitoring occasion index. 

In the example in Figure 1, the UE generates 2 HARQ-ACK bits based on the assumption that the HARQ-ACK bits corresponding to the first DCI with C-DAI =1 scheduling a PDSCH starting earlier than the PDSCH scheduled by the second DCI with C-DAI=2. However, if T-DAI =1 as shown in Figure 2, it should be the case that two DCIs with C-DAI=3 and C-DAI =4 are missing and the PDSCH scheduled by the second DCI is earlier than the PDSCH scheduled by the first DCI. It is necessary to clarify how UE determines the order when generating Type-2 HARQ-ACK codebook.
[image: ]
Figure 2
Q4: Do you agree that the order of the counted times  for a serving cell should be clarified? If not, please clarify the reason.
	Company
	View

	ZTE
	We think the current spec already clarifies that the ordering of C-DAI is according to the start of PDSCH in this case. With this, we think there is no need to further change the spec.

	Moderator
	@ZTE
Similar comments as in Q3. The pseudo-code should be aligned with the definition of DAI. For example, in Rel-15, we have the outer while loop for PDCCH MO and inter while loop for serving cell index which are aligned with the two ordering rules in the definition of C-DAI.

	

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 . 







	MTK
	Agree. We support to clarify this issue.

	ZTE
	Please see our comments in the Q3.

	CATT
	Agree to clarify the order.

	Samsung
	Agree

	Huawei, HiSilicon
	Agree. We prefer to clarify the DAI ordering in the pseudo-code to make the HARQ-ACK codebook generation procedure to be more self-contained.

	Qualcomm
	Agree with ZTE that it is already clear from the other part.

	LGE
	Agree



Q5: Do you agree with the highlight text in the TP below? If not, please clarify the reason.
	Set  to the number of serving cells configured by higher layers for the UE
-	if, for an active DL BWP of a serving cell, the UE is not provided coresetPoolIndex or is provided coresetPoolIndex with value 0 for one or more first CORESETs and is provided coresetPoolIndex with value 1 for one or more second CORESETs, and is provided ackNackFeedbackMode = joint, the serving cell is counted two times where the first time corresponds to the first CORESETs and the second time corresponds to the second CORESETs
-	if the UE indicates type2-HARQ-ACK-Codebook and receives a number  of PDSCHs on a serving cell c that are scheduled by DCI formats in PDCCH receptions at a same PDCCH monitoring occasion m, a the serving cell c is counted   times for PDCCH monitoring occasion m in increasing order of the PDSCH reception starting time where  is the number of PDSCH receptions that can be scheduled for the serving cell by DCI formats in PDCCH receptions at a same PDCCH monitoring occasion based on the reported value of type2-HARQ-ACK-Codebook




	Company
	View

	ZTE
	As commented above, we think the yellow highlighted part is duplicated with the following.
-	first, if the UE indicates by type2-HARQ-ACK-Codebook support for more than one PDSCH reception on a serving cell that are scheduled from a same PDCCH monitoring occasion, in increasing order of the PDSCH reception starting time for the same {serving cell, PDCCH monitoring occasion} pair, 


	Moderator
	@ZTE
Please find my reply in Q3 and Q4

	MTK
	Agree. This is following the same logic as 38.213 v16.15.0 Clause 9.1.3.1 and assist to make current spec more clear without potential confusion.

	ZTE
	Technically speaking, as we commented in previous questions, we still don’t think the yellow highlighted part is not needed.

	CATT
	We agree with the highlight text in the TP.

	Samsung
	Agree

	Huawei, HiSilicon
	Agree. 

	Qualcomm
	Agree with ZTE. Yellow highlighted part is not needed. 

	LGE
	Agree



Issue#3: Editorial correction
Q6: Do you agree with the correction in the TP below? If not, please clarify the reason.
	Set 
Set 
Set 
Set 
*** Unchanged parts are omitted ***
if 
 
else 
 
end if



	Company
	View

	ZTE
	OK

	MTK
	Agree

	CATT
	Agree

	Samsung
	Agree

	Huawei, HiSilicon
	Okay

	LGE
	OK

	
	

	
	



Q7: Do you agree with the CR in [1]? If not, please clarify the reason.
	Company
	View

	MTK
	Agree.

	Ericsson1
	OK with the proposed change.

	CATT
	Agree

	Samsung
	Agree

	Huawei, HiSilicon
	Okay

	LGE
	OK

	
	

	
	



Q8: Do you have any other comments?
	Company
	View

	Ericsson1
	In reasons for change, suggest to also add pdcch-MonitoringAnyOccasionsWithSpanGap capability at the end of first sentence.

Consequences if not approved: Update the first sentence as follows.

Incorrect specifications for Type-2 HARQ-ACK codebook for a UE indicating type2-HARQ-ACK-Codebook” (FG 18-9) and the case when the UE receives multiple DL DCIs for a same scheduled cell in a single monitoring occasion of a scheduling cell and multiplexes the corresponding HARQ ACK feedback in the same HARQ codebook.

The CR coversheet (“other comments”) should capture the impact analysis. Suggested text below. 

This CR only affects UE behavior for Type-2 HARQ-ACK codebook generation for a UE that indicates the UE capability “type2-HARQ-ACK-Codebook” (FG 18-9) for the case when the UE receives multiple DL DCIs for a same scheduled cell in a single monitoring occasion of a scheduling cell and multiplexes the corresponding HARQ ACK feedback in the same HARQ codebook. 
 

	
	

	
	

	
	

	
	

	
	

	
	


2nd round discussion
Based on input and offline discussion with companies Samsung, MTK, CATT, E/// and Huawei support the proposed change in [1] and ZTE can accept it based on offline discussion. E/// proposed some suggestions for the cover page which have been affected in the draft CR. Companies are encouraged to check the draft CR in the draft CR folder and please provide your comments, if any, before Wednesday 19:00 (local time).

	Company
	View

	Qualcomm
	We share the view with ZTE that the “increasing order of the PDSCH starting time” is not necessary as it is already clear from the other part of the spec. Since this is Rel-16 CR, the change should be minimum.

Regarding Ericsson’s suggestion on cover page, we agree this should be done.

	Mod
	@Qualcomm

As clarified in the 1st round discussion, the UE generates HARQ-ACK codebook only based on the pseudo-codebook according to the spec and the spec does not say that HARQ-ACK codebook is generated based on the ordering of DAI.

	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 scheduling PDSCH reception, or having associated HARQ-ACK information without scheduling a PDSCH reception, monitoring occasion index: lower index corresponds to earlier PDCCH monitoring occasion
Set 
Set 
Set 
Set 
Set  to the number of serving cells configured by higher layers for the UE
-	if, for an active DL BWP of a serving cell, the UE is not provided coresetPoolIndex or is provided coresetPoolIndex with value 0 for one or more first CORESETs and is provided coresetPoolIndex with value 1 for one or more second CORESETs, and is provided ackNackFeedbackMode = joint, the serving cell is counted two times where the first time corresponds to the first CORESETs and the second time corresponds to the second CORESETs
-	if the UE indicates type2-HARQ-ACK-Codebook, a serving cell is counted  times where  is the number of PDSCH receptions that can be scheduled for the serving cell by DCI formats in PDCCH receptions at a same PDCCH monitoring occasion based on the reported value of type2-HARQ-ACK-Codebook




Without the “increasing order of the PDSCH starting time” there would be a whole in the specifications for the Type-2 HARQ-ACK codebook determination. The spec does not enforce the UE to generates the HARQ-ACK codebook according to the DAI ordering, otherwise, the pseudo-code is not needed at least for the while loops for PDCCH MO and serving cell index. More importantly, UE needs to check DCI missing for each received DCI, the order of the DCI is essential for Type-2 HARQ-ACK codebook generation and should be clearly captured in the specifications.


	Mod
	After some offline discussion with E///, the detailed UE capabilities in the cover page seems not needed and thus the following text in the “Reason of Change” is removed in the update version v2. 

The applicable UE capability, which provides a value set for the number of unicast DCIs that the UE can process in a slot is (at least) “crossCarrierSchedulingProcessing-DiffSCS” (FG 18-5c) and pdcch-MonitoringAnyOccasionsWithSpanGap capability.

	MTK
	Fine with the draft CR.

	
	

	
	

	
	



Conclusion
Three issues are discussed during the discussion, Samsung, Ericsson, Huawei, MTK, CATT, LGE, QC and ZTE participated in the discussion. For the 1st and 3rd issue, all the companies are fine with the corrections. The correction of the 2nd issue is supported/acceptable for all the companies expect QC. QC has some concerns on the necessity of adding “increasing order of the PDSCH starting time”. QC explains that it is already clear from the other part of the specifications. However, the current specifications only state that the HARQ-ACK codebook is generated based on the pseudo-code instead of the order of DAI, it is necessary to clarify the ordering in the pseudo-code to avoid unclear UE behaviour. The draft CR in R1-2310514 is proposed to be endorsed.

Proposal: Endorse the draft CR in R1-2310514 for TS 38.213 for Rel-16.
Reference
[1] R1-2309350, Correction on multiple DCIs per MO per CC for the Type-2 HARQ-ACK codebook, Samsung
[2] R1-2309351, Discussion on multiple DCIs per MO per CC for the Type-2 HARQ-ACK codebook, Samsung
[3] R1-2310093, Discussion on the correction for multiple DL DCIs per MO per CC for Type 2 HARQ codebook, Ericsson
[4] R1-2308481, Summary of offline discussion on the correction on UE capability parameter for multiple DCIs per MO per CC for the Type-2 HARQ-ACK codebook, RAN1#114, Moderator (Samsung).

3/3
image3.wmf
m


oleObject1.bin

image4.wmf
M

m

<

£

0


oleObject2.bin

image1.png
DCI#2
C-DAI =2, T-DAI =2

DCI#1
C-DAI =1, T-DAI =2

PDSCH#1

PDSCH#2





image2.png
DCI#1 ~
C-DAI=1,T-DAI= 1 ~

DCl#2

C-DAI =2, T-DAI= 1 \

PDSCH#1

PDSCH#2

PDSCH#3

PDSCH#4





