3GPP TSG-RAN WG1 #107bis-e			R1-2200244
e-Meeting, January 17 – 25, 2022

Agenda item:	8.12.2
Title:	Remaining details on HARQ-ACK feedback procedure for multicast
Source:	NTT DOCOMO, INC.
Document for:	Discussion/Decision


1 Introduction
In this contribution, the remaining issues related to HARQ-ACK feedback procedure for multicast are discussed.

2 Discussion
2.1 ACK/NACK based HARQ-ACK feedback
2.1.1 Type-2 HARQ-ACK codebook for multicast
It is unclear whether indication by DCI for disabled HARQ-ACK information means no inclusion of the HARQ-ACK information in the Type-2 codebook. There would be no point in including the disabled HARQ-ACK information in the Type-2 codebook. Disabled HARQ-ACK information should not be included to minimize the codebook size. DAI should only count PDSCHs that require HARQ-ACK feedback.
Proposal 1: Not include HARQ-ACK information disabled by DCI indication in the Type-2 HARQ-ACK codebook.

2.1.2 Different codebook types for unicast and multicast
In RAN1#107-e the following agreement was made [3].
	Agreement
When UE is configured with different codebook types for unicast and multicast and when UE is scheduled to multiplex HARQ-ACK for unicast and HARQ-ACK for multicast with the same priority in the same PUCCH slot, 
· UE generates two separate sub-codebooks for unicast and multicast respectively and then concatenates them by appending sub-codebook for multicast to the sub-codebook for unicast. 
· Note: The PUCCH resource for transmitting the codebook is based on the last unicast DCI.
· FFS: when Type-3 HARQ-ACK codebook or enhanced Type-2 codebook is used for unicast
· Define a UE capability 


Type-3 HARQ-ACK codebook will naturally include ACK/NACK bits for multicast since HARQ-ACK feedback for all HARQ PIDs will be included in Type-3 HARQ-ACK codebook. So there will be no need to generate a separate codebook for multicast for Type-3 HARQ-ACK codebook. 
DCI format 4_1/4_2 do not include DCI fields related to enhanced Type-2 codebook. So when UE is scheduled to multiplex HARQ-ACK for unicast and HARQ-ACK for multicast with the same priority in the same PUCCH slot and enhanced Type-2 codebook is used for unicast, the codebook for multicast needs to be generated separately from the unicast codebook. Separate codebooks could be concatenated and transmitted.
Proposal 2: When a UE is indicated to report HARQ-ACK feedback with Type-3 HARQ-ACK codebook in a slot, the UE does not expect to receive an indication to report HARQ-ACK for multicast with different codebook type in the same slot.
[bookmark: _GoBack]Proposal 3: When a UE is scheduled to report HARQ-ACK for unicast and HARQ-ACK for multicast with the same priority in the same PUCCH slot and enhanced Type-2 codebook is used for unicast, the UE generates two separate sub-codebooks for unicast and multicast respectively and then concatenates them by appending sub-codebook for multicast to the sub-codebook for unicast.

Based on section 9.1.2 and 9.1.2.1 of 38.213, if a UE is configured with pdsch-HARQ-ACK-Codebook = semi-static, the UE generates a Type-1 HARQ-ACK codebook. Unicast HARQ-ACK and multicast HARQ-ACK are multiplexed during codebook generation. The current description may be interpreted as generating a joint codebook even when Type-1 codebook is used for unicast and Type-2 codebook is used for multicast. It is contrary to the above agreement. Therefore, we propose a text proposal to clarify the Type-1 HARQ-ACK codebook determination.
Proposal 4: Adopt the following text proposal in TS 38.213 Section 9.1.2 to clarify the Type-1 HARQ-ACK codebook determination.
	----------------------------------- Start of Text proposal to 9.1.2 of 38.213 ------------------------------------------------
[bookmark: _Ref497329097][bookmark: _Toc12021469][bookmark: _Toc20311581][bookmark: _Toc26719406][bookmark: _Toc29894839][bookmark: _Toc29899138][bookmark: _Toc29899556][bookmark: _Toc29917293][bookmark: _Toc36498167][bookmark: _Toc45699193][bookmark: _Toc92093835]9.1.2	Type-1 HARQ-ACK codebook determination
This clause applies if the UE is configured with pdsch-HARQ-ACK-Codebook = semi-static or pdsch-HARQ-ACK-Codebook-Multicast = semi-static.
<Unchanged text omitted>
[bookmark: _Ref505248562][bookmark: _Toc12021470][bookmark: _Toc20311582][bookmark: _Toc26719407][bookmark: _Toc29894840][bookmark: _Toc29899139][bookmark: _Toc29899557][bookmark: _Toc29917294][bookmark: _Toc36498168][bookmark: _Toc45699194][bookmark: _Toc92093836]9.1.2.1	Type-1 HARQ-ACK codebook in physical uplink control channel
For a serving cell , an active DL BWP, and an active UL BWP, as described in clause 12, the UE determines a set of  occasions for candidate PDSCH receptions for which the UE can transmit corresponding HARQ-ACK information in a PUCCH in slot . If serving cell  is deactivated, the UE uses as the active DL BWP for determining the set of  occasions for candidate PDSCH receptions a DL BWP provided by firstActiveDownlinkBWP-Id. The determination is based:
a)	on a set of slot timing values  associated with the active UL BWP
-	If the UE is configured with pdsch-HARQ-ACK-Codebook = semi-static
-	If the UE is configured to monitor PDCCH for DCI format 1_0 and is not configured to monitor PDCCH for either DCI format 1_1 or DCI format 1_2 for serving cell ,  is provided by the slot timing values {1, 2, 3, 4, 5, 6, 7, 8} for SCS configuration of PUCCH transmission , {7, 8, 12, 16, 20, 24, 28, 32} for , and {13, 16, 24, 32, 40, 48, 56, 64} for .
-	If the UE is configured to monitor PDCCH for DCI format 1_1 and is not configured to monitor PDCCH for DCI format 1_2 for serving cell ,  is provided by dl-DataToUL-ACK 
-	If the UE is configured to monitor PDCCH for DCI format 1_2 and is not configured to monitor PDCCH for DCI format 1_1 for serving cell ,  is provided by dl-DataToUL-ACK-DCI-1-2 
-	If the UE is configured to monitor PDCCH for DCI format 1_1 and DCI format 1_2 for serving cell ,  is provided by the union of dl-DataToUL-ACK and dl-DataToUL-ACK-DCI-1-2 
-	If the UE is configured to monitor PDCCH for multicast DCI formats for serving cell  and configured with pdsch-HARQ-ACK-Codebook-Multicast = semi-static
-	if the UE is not provided type1-Codebook-Generation-Mode = 'mode1',  is additionally provided by the union of dl-DataToUL-ACK-ForDCI Format4_1
-	if the UE is not provided dl-DataToUL-ACK-ForDCI Format4_1,  is provided by the slot timing values {1, 2, 3, 4, 5, 6, 7, 8} 
-	if the UE is provided type1-Codebook-Generation-Mode = 'mode1', the UE
-	determines a first  set as , where  is a set of slot timing values for the multicast DCI formats, a second  set as , and a third  set as 
b)	on a set of row indexes  of a table that is associated with the active DL BWP and defining respective sets of slot offsets , start and length indicators SLIV, and PDSCH mapping types for PDSCH reception as described in [6, TS 38.214], where the row indexes  of the table are provided by 
-	if the UE is configured with pdsch-HARQ-ACK-Codebook = semi-static and pdsch-HARQ-ACK-Codebook-Multicast = semi-static, the row indexes  of the table are provided by
-	the union of row indexes of time domain resource allocation tables for DCI formats the UE is configured to monitor PDCCH for serving cell  if the UE is not configured to monitor PDCCH for multicast DCI formats for serving cell , or is not provided type1-Codebook-Generation-Mode = 'mode1', or, if any, for the first  set
-	the union of row indexes of time domain resource allocation tables for DCI format 1_0 and/or DCI format 1_1 and/or DCI format 1_2 for serving cell  for the second  set, if any
-	the union of row indexes of time domain resource allocation tables for multicast DCI formats the UE is configured to monitor PDCCH for serving cell  for the third  set, if any
-	else if the UE is configured with pdsch-HARQ-ACK-Codebook = semi-static, the row indexes  of the table are provided by the union of row indexes of time domain resource allocation tables for unicast DCI formats the UE is configured to monitor PDCCH for serving cell 
-	else the union of row indexes of time domain resource allocation tables for multicast DCI formats the UE is configured to monitor PDCCH for serving cell 
<Unchanged text omitted>
If a UE is provided fdmed-Reception-Multicast and the UE is configured to monitor PDCCH for detection of unicast DCI formats and to monitor PDCCH for detection of multicast DCI formats and the UE is configured with pdsch-HARQ-ACK-Codebook = semi-static and pdsch-HARQ-ACK-Codebook-Multicast = semi-static
<Unchanged text omitted>
----------------------------------- End of Text proposal to 9.1.2 of 38.213 ------------------------------------------------



2.2 NACK-only based HARQ-ACK feedback
2.2.1 Multiple HARQ-ACK bits in NACK-only based feedback
Five alternatives for handling multiple NACK-only based feedback in the same slot were raised at RAN1#106-e [1] and narrowed down to two alternatives at RAN1#106bis-e [2].
	Agreement:
When more than one NACK-only based feedback are available for transmission in the same PUCCH slot, further decide based on the following subset of alternatives (from previous agreement) with potential further down-selection:
· Alt1: Support UE multiplexing the HARQ-ACK bits by transforming NACK-only into ACK/NACK HARQ bits. 
· Alt2: Support sub-slot based PUCCH for this case. 
· Alt3: Support UE transmitting more than one slot-based PUCCHs in the same PUCCH slot. 
· Alt4: Define combination of NACK-only which corresponds to a specific sequence or a PUCCH transmission. 
· Alt5: NACK-only bundling


Alt 1 will require orthogonal PUCCH resources among UEs, as HARQ-ACK will be transmitted using ACK/NACK based scheme. This means that when the number of UEs in a group is large, a lot of PUCCH resources will be needed. This is contrary to the main motivation to support NACK-only based feedback, which is to save PUCCH resources when the number of UEs is large.
In Alt 4, one PUCCH resource is associated with a bit sequence of HARQ-ACK codebook. Multiple PUCCH resources are reserved and a UE selects one of them according to the processing result. A UE constructs a HARQ-ACK codebook in the same way as ACK/NACK based scheme and sends a HARQ-ACK feedback using the PUCCH resource associated with the bit sequence when the codebook includes at least one NACK value. At most 2N-1 PUCCH resources are required for N bit NACK-only based feedback. Since the PUCCH resources can be shared among UEs in the group, the number of PUCCH resources required for the entire UE group can be reduced compared to Alt 1 when the number of UEs in the group is large. Therefore, we prefer Alt 4.
For simplicity, it would be better to associate a resource index in a group of PUCCH resources for NACK-only multiplexing with the value of the bit sequence. An example of the association is shown in Figure 1. The PRI field in DCI format 4_1/4_2 for multicast may be unnecessary for NACK-only based feedback. Similar to the PUCCH resource set for ACK/NACK based feedback, it should be possible to configure up to 32 PUCCH resources in a PUCCH resource set for NACK-only based feedback. That way, up to 5 NACK-only based HARQ-ACK bits can be transmitted in a PUCCH slot. It would be better to be able to configure the maximum number of bits N. If the codebook size is larger than N, bundling should be applied to keep it within the maximum. If different OFDM symbols settings are allowed for different PUCCH resources, whether or not they overlap with other PUCCH/PUSCH depends on which resource is selected. Since gNB cannot know in advance which resource will be selected, gNB may have to blind detect the UCI. To avoid blind detection, gNB should configure the same OFDM symbols for all PUCCH resources for NACK-only based feedback.
[image: ]
[bookmark: _Ref87003754]Figure 1 An example of association between bit sequence and PUCCH resource index
Proposal 5: When more than one NACK-only based feedback are available for transmission in the same PUCCH slot, support Alt 4.
· If multiplexed payload size is over the maximum, bundling is applied.
When handling multiple bits, it is necessary to take measures to prevent mismatch in the number of HARQ-ACK bits due to PDCCH miss detection. Measures for Type-2 codebook for ACK/NACK based feedback could be reused for NACK-only based feedback. In other words, a codebook for NACK-only based feedback can be generated using DAI.
Proposal 6: For NACK-only based HARQ-ACK feedback, support dynamic HARQ-ACK codebook.

2.2.2 Multiplexing NACK-only based feedback with SR
In RAN1#106bis-e the following agreement was made.
	Agreement:
When PUCCH transmission for the NACK-only based feedback for multicast collides with PUCCH transmissions for HARQ-ACK feedback/CSI for unicast for the same priority or PUSCH transmission for the same priority, support UE multiplexing the NACK-only based feedback with the HARQ-ACK feedback/CSI on PUCCH or on to PUSCH by transforming NACK-only into the ACK/NACK HARQ bit. 
· This applies to at least the case of the feedback addressing one TB. NACK-only based feedback for more than one TBs is to be handled separately. 
· Note: When the TB is correctly decoded, the ACK will be transmitted and multiplexed with others. 
· FFS: The case of PUCCH for SR. 


In the current specification, when a PUCCH format 0 with HARQ-ACK overlaps with a PUCCH with positive SR, the SR and the HARQ-ACK are multiplexed and transmitted in the PUCCH format 0 using a different cyclic shift value. If the rule is directly applied to a PUCCH resource for NACK-only based feedback, gNB will not be able to identify which UE sent the SR since PUCCH resources for NACK-only based feedback will be shared among UEs in a group.
In such a case, it would be better to transform the NACK-only based feedback to ACK/NACK based HARQ-ACK bit(s), as in the case of multiplexing NACK-only based feedback and unicast HARQ-ACK/CSI. Then the HARQ-ACK bit(s) and the SR should be multiplexed and transmitted in another PUCCH resource for ACK/NACK based feedback, which is different from the PUCCH resource for NACK-only feedback and would be different among UEs. Then SR will be transmitted in the UE-specific PUCCH resource, so gNB can identify which UE sent the SR.
Proposal 7: When a PUCCH format 0 with NACK-only based feedback overlaps with a PUCCH with positive SR, the NACK-only based feedback is transformed into ACK/NACK based HARQ-ACK bits, multiplexed with SR, and transmitted in another PUCCH resource for ACK/NACK based feedback.

3 Conclusion
In this contribution, we have following proposals:
Proposal 1: Not include HARQ-ACK information disabled by DCI indication in the Type-2 HARQ-ACK codebook.
Proposal 2: When a UE is indicated to report HARQ-ACK feedback with Type-3 HARQ-ACK codebook in a slot, the UE does not expect to receive an indication to report HARQ-ACK for multicast with different codebook type in the same slot.
Proposal 3: When a UE is scheduled to multiplex HARQ-ACK for unicast and HARQ-ACK for multicast with the same priority in the same PUCCH slot and enhanced Type-2 codebook is used for unicast, the UE generates two separate sub-codebooks for unicast and multicast respectively and then concatenates them by appending sub-codebook for multicast to the sub-codebook for unicast.
Proposal 4: Adopt the following text proposal in TS 38.213 Section 9.1.2 to clarify the Type-1 HARQ-ACK codebook determination.
	----------------------------------- Start of Text proposal to 9.1.2 of 38.213 ------------------------------------------------
9.1.2	Type-1 HARQ-ACK codebook determination
This clause applies if the UE is configured with pdsch-HARQ-ACK-Codebook = semi-static or pdsch-HARQ-ACK-Codebook-Multicast = semi-static.
<Unchanged text omitted>
9.1.2.1	Type-1 HARQ-ACK codebook in physical uplink control channel
For a serving cell , an active DL BWP, and an active UL BWP, as described in clause 12, the UE determines a set of  occasions for candidate PDSCH receptions for which the UE can transmit corresponding HARQ-ACK information in a PUCCH in slot . If serving cell  is deactivated, the UE uses as the active DL BWP for determining the set of  occasions for candidate PDSCH receptions a DL BWP provided by firstActiveDownlinkBWP-Id. The determination is based:
a)	on a set of slot timing values  associated with the active UL BWP
-	If the UE is configured with pdsch-HARQ-ACK-Codebook = semi-static
-	If the UE is configured to monitor PDCCH for DCI format 1_0 and is not configured to monitor PDCCH for either DCI format 1_1 or DCI format 1_2 for serving cell ,  is provided by the slot timing values {1, 2, 3, 4, 5, 6, 7, 8} for SCS configuration of PUCCH transmission , {7, 8, 12, 16, 20, 24, 28, 32} for , and {13, 16, 24, 32, 40, 48, 56, 64} for .
-	If the UE is configured to monitor PDCCH for DCI format 1_1 and is not configured to monitor PDCCH for DCI format 1_2 for serving cell ,  is provided by dl-DataToUL-ACK 
-	If the UE is configured to monitor PDCCH for DCI format 1_2 and is not configured to monitor PDCCH for DCI format 1_1 for serving cell ,  is provided by dl-DataToUL-ACK-DCI-1-2 
-	If the UE is configured to monitor PDCCH for DCI format 1_1 and DCI format 1_2 for serving cell ,  is provided by the union of dl-DataToUL-ACK and dl-DataToUL-ACK-DCI-1-2 
-	If the UE is configured to monitor PDCCH for multicast DCI formats for serving cell  and configured with pdsch-HARQ-ACK-Codebook-Multicast = semi-static
-	if the UE is not provided type1-Codebook-Generation-Mode = 'mode1',  is additionally provided by the union of dl-DataToUL-ACK-ForDCI Format4_1
-	if the UE is not provided dl-DataToUL-ACK-ForDCI Format4_1,  is provided by the slot timing values {1, 2, 3, 4, 5, 6, 7, 8} 
-	if the UE is provided type1-Codebook-Generation-Mode = 'mode1', the UE
-	determines a first  set as , where  is a set of slot timing values for the multicast DCI formats, a second  set as , and a third  set as 
b)	on a set of row indexes  of a table that is associated with the active DL BWP and defining respective sets of slot offsets , start and length indicators SLIV, and PDSCH mapping types for PDSCH reception as described in [6, TS 38.214], where the row indexes  of the table are provided by 
-	if the UE is configured with pdsch-HARQ-ACK-Codebook = semi-static and pdsch-HARQ-ACK-Codebook-Multicast = semi-static, the row indexes  of the table are provided by
-	the union of row indexes of time domain resource allocation tables for DCI formats the UE is configured to monitor PDCCH for serving cell  if the UE is not configured to monitor PDCCH for multicast DCI formats for serving cell , or is not provided type1-Codebook-Generation-Mode = 'mode1', or, if any, for the first  set
-	the union of row indexes of time domain resource allocation tables for DCI format 1_0 and/or DCI format 1_1 and/or DCI format 1_2 for serving cell  for the second  set, if any
-	the union of row indexes of time domain resource allocation tables for multicast DCI formats the UE is configured to monitor PDCCH for serving cell  for the third  set, if any
-	else if the UE is configured with pdsch-HARQ-ACK-Codebook = semi-static, the row indexes  of the table are provided by the union of row indexes of time domain resource allocation tables for unicast DCI formats the UE is configured to monitor PDCCH for serving cell 
-	else the union of row indexes of time domain resource allocation tables for multicast DCI formats the UE is configured to monitor PDCCH for serving cell 
<Unchanged text omitted>
If a UE is provided fdmed-Reception-Multicast and the UE is configured to monitor PDCCH for detection of unicast DCI formats and to monitor PDCCH for detection of multicast DCI formats and the UE is configured with pdsch-HARQ-ACK-Codebook = semi-static and pdsch-HARQ-ACK-Codebook-Multicast = semi-static
<Unchanged text omitted>
----------------------------------- End of Text proposal to 9.1.2 of 38.213 ------------------------------------------------



Proposal 5: When more than one NACK-only based feedback are available for transmission in the same PUCCH slot, support Alt 4.
· If multiplexed payload size is over the maximum, bundling is applied.
Proposal 6: For NACK-only based HARQ-ACK feedback, support dynamic HARQ-ACK codebook.
Proposal 7: When a PUCCH format 0 with NACK-only based feedback overlaps with a PUCCH with positive SR, the NACK-only based feedback is transformed into ACK/NACK based HARQ-ACK bits, multiplexed with SR, and transmitted in another PUCCH resource for ACK/NACK based feedback.
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