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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
The feature lead summary on the HARQ-ACK related issues for Rel-17 NR MBS [1] documented the issues discussed in RAN1#112bis meeting. This paper discusses the remaining issues.
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424][bookmark: _Ref129681832]Issue#1: PDCCH validation for SPS
RAN1 sent the LS reply to RAN2 clarifying that when a single multicast SPS is configured for a group of UEs and there is no SPS configuration for unicast for at least one UE in the group, it’s up to network implementation to configure sps-ConfigIndex to zero or non-zero for the single multicast SPS.
With the above clarification between RAN1 and RAN2, a draft CR to TS38.213 regarding PDCCH validation for multicast SPS was discussed in the RAN1#112bis-e meeting due to controversy [2]. One argument is that gNB can send two activation DCIs, one of which is for the UE with HPN value zero and the other is for UEs with HPN value being equal to the SPS index. This is unnecessary but causes additional implementation complexity so as to be less appealing for deployment, especially when it can be easily fixed by a CR. 
In addition, one suggested preference is not differentiating unicast and multicast. However, differentiating seems unavoidable since the issue mainly comes from the difference of one configured  multicast SPS with index value being non-zero. Nevertheless, differentiating unicast or multicast does not affect legacy UE implementation because the DCI is scrambled by CS-RNTI or G-CS-RNTI for activating unicast SPS or multicast SPS, respectively, and the CR is also only solving the new case due to multicast though for differentiation unicast is added as well which is already clearly meant by the current specification. 
The corresponding CR is provided in [3]. 
Issue#2: PUCCH resources for multicast HARQ-ACK
When the HARQ-ACK information for unicast and multicast for dynamic scheduling and/or SPS is to be multiplexed, what PUCCH resources will be used is mostly clear in TS38.213. A draft CR [4] was agreed to clarify the PUCCH resources for multiplexing for some cases. However, the PUCCH resource for one HARQ-ACK bit for the second reporting mode (i.e., NACK-only) was controversial during the discussion [1] so as not agreed in the end. 
From the discussion in the past, for either the first or the second HARQ-ARQ reporting mode, UE can be optionally provided PUCCH-Config/PUCCH-ConfigurationList for multicast, and if not provided, the PUCCH-Config/PUCCH-ConfigurationList for unicast applies as agreed:

	[bookmark: OLE_LINK51]Agreement: @RAN1#106b-e
For UE supporting both ACK/NACK based and NACK-only based feedback for multicast, for the same G-RNTI, support the following
· UE can be configured with either ACK/NACK based or NACK-only feedback for a single G-RNTI.
· Note: Case1-1: if configured with ACK/NACK based feedback, UE can be optionally configured a separate PUCCH-Config/PUCCH-ConfigurationList for multicast. Otherwise, PUCCH-Config/PUCCH-ConfigurationList for unicast applies (This has been agreed.)
· Case 1-2: if configured with NACK-only based feedback, when separate PUCCH-Config/PUCCH-ConfigurationList for NACK-only is not configured, PUCCH-Config/PUCCH-ConfigurationList for unicast applies. 

Agreement @RAN1#109-e
· [bookmark: OLE_LINK110]For the case when the PUCCH transmission for the NACK-only based feedback for one G-RNTI collides with the PUCCH transmission for ACK/NACK feedback for another G-RNTI with the same priority and then UE multiplexes the NACK-only based feedback with the ACK/NACK feedback onto the same PUCCH by transforming NACK-only into the ACK/NACK based HARQ-ACK bit, the PUCCH resources for transmitting the multiplexed HARQ-ACK bits is from the PUCCH-Config/PUCCH-ConfigurationList configured for multicast with ACK/NACK based feedback. 
· For a UE configured with G-RNTI(s) with NACK-only HARQ-ACK feedback, when NACK-only HARQ-ACK bits are transformed into ACK/NACK HARQ-ACK bits, the PUCCH resource used for transmitting the multiplexed HARQ-ACK bits is determined from PUCCH-Config/PUCCH-ConfigurationList configured for multicast with ACK/NACK based feedback based on the k1 and the PRI indication in the last DCI scheduling multicast. If PUCCH-Config/PUCCH-ConfigurationList configured for multicast with ACK/NACK based feedback is not configured, the PUCCH-Config/PUCCH-ConfigurationList configured for unicast is used. 
· FFS: the case NACK-only is for multicast SPS PDSCH only. 




In addition, there is clear agreement that when NACK-only HARQ-ACK bits are transformed into ACK/NACK HARQ-ACK bits, the PUCCH resource used for transmitting the multiplexed HARQ-ACK bits is determined from PUCCH-Config/PUCCH-ConfigurationList configured for multicast with the ACK/NACK based feedback, i.e., pucch-ConfigMulticast1/ pucch-ConfigurationListMulticast1 as the one agreed illustrated in Fig. 1. For the case of NACK-only mode2, UE reporting HARQ-ACK, as defined in UE feature FG33-4a, uses separate PUCCH resources configured from that for unicast, following Table 18-1 in TS38.213, and for such a case, it should be obvious to use the one configured for NACK-only mode2, i.e., pucch-ConfigMulticast2/ pucch-ConfigurationListMulticast2.
[image: ]
[bookmark: _Ref139303835]Fig. 1: PUCCH resources for the first or the second HARQ-ACK reporting mode
Overall, the unclear case is NACK-only mode 1 with 1 HARQ-ACK bit. During the discussion, it was argued it is NACK-only mode, so pucch-ConfigMulticast2/ pucch-ConfigurationListMulticast2 should be used despite moreThanOneNackOnlyMode is configured or not. However, NACK-only mode1 or mode2 is configured by RRC in the first place, then despite which NACK-only mode is configured, network is free to schedule one or more than one HARQ-ACK bits for the HARQ-ACK reporting, which was also the reason of reaching the agreement of PRI usage as follows:
	Agreement: @RAN1#110
For PRI included in DCI format 4_1/4_2, 
· if the G-RNTI is configured with NACK-only mode1, PRI indicates the PUCCH for the HARQ-ACK feedback including the case of one TB in scheduled. 
· If the G-RNTI is configured with NACK-only mode2,
· FFS on whether/how to interpret the PRI. 

Agreement: @RAN1#110b-e
For PRI included in DCI format 4_1/4_2, if the G-RNTI is configured with NACK-only mode2, PRI will be ignored by UEs.



Hence, if UE is provided NACK-only mode1, given UE needs to be provided the PUCCH resources for the first reporting mode, i.e., pucch-ConfigMulticast1/ pucch-ConfigurationListMulticast1 for the case of conveying the more than one HARQ-ACK bits by transforming into ACK/NACK bits, UE also determines the PUCCH resources from pucch-ConfigMulticast1/ pucch-ConfigurationListMulticast1 for the case of one HARQ-ACK bit. Otherwise, UE needs to be configured with both pucch-ConfigMulticast1/ pucch-ConfigurationListMulticast1 and pucch-ConfigMulticast2/ pucch-ConfigurationListMulticast2 for the case of more than one HARQ-ACK bits and one HARQ-ACK bit, respectively, which is not necessary and of low spectrum efficiency. 
Proposal 1: If UE is provided NACK-only mode1, UE determines the PUCCH resources from pucch-ConfigMulticast1/ pucch-ConfigurationListMulticast1 for the case of one HARQ-ACK bit.
Accordingly, the draft CR is provided in [5]. 

[bookmark: OLE_LINK15]Issue#3: HARQ-ACK codebook for maxNrofCodeWords
UE can be provided maxNrofCodeWords for unicast or multicast independently based on the current specifications. However, the impact to HARQ-ACK codebook generation if UE configured with different values of maxNrofCodeWords  for unicast or multicast was discussed but no consensus was reached [1]. 
When generating Type-1/2/3 HARQ-ACK codebook for multiplexing HARQ-ACK information for unicast and multicast, which value of maxNrofCodeWordsScheduledByDCI should be taken is the issue intended to be addressed, the possible candidate solutions identified [1] are as follows:
· Opt1: take the optimized solution in R1-2302666,
· For Type-1 TDM mode1 and Type-3: taking the maximum value of the two parameters configured for unicast and multicast, respectively. 
· For Type-1 TDM mode2: taking the maximum value of the two parameters configured to be used for , and taking the configured value for unicast and multicast to be used for  and  independently. 
· Opt2: using the maximum of maxNrofCodeWordsScheduledByDCI for HARQ-ACK multiplexing with any HARQ-ACK codebook type.
· Opt3: have a “UE expects spatial bundling” statement in TS38.213 so that only one HARQ-ACK bit will be generated despite the value of maxNrofCodeWordsScheduledByDCI.
· Opt4: UE does not expect to be configured with different values of maxCodeBlockGroupsPerTransportBlock for unicast and for multicast. 
· Opt5: Always taking the value of maxNrofCodeWordsScheduledByDCI configured for unicast with the assumption that the value will be guaranteed to be always not less than the one configured for multicast.  
Opt1 is beneficial in terms of reducing HARQ-ACK codebook size with overhead reduced without any configuration restrictions for unicast or multicast. Opt3 and Opt4 impose restrictions that might be better to be avoided. Opt2 or Opt5 is the one in between Opt1 and Opt3/4 considering both required configuration restrictions and overhead. In particular, Opt5 is more reasonable or effective since the value of maxNrofCodeWordsScheduledByDCI for unicast is typically or practically not less than the one configured for multicast, which is similar to the case of the maximum MIMO layers configured, i.e., maxMIMO-Layers. 
Considering the specification impact and given, for Type-2 HARQ-ACK codebook generation, the parameter value of maxNrofCodeWordsScheduledByDCI for unicast or multicast can be independently used for such sub-codebook generation naturally, no need to make the change to Type-2 HARQ-ACK codebook generation. Hence, Opt5 is proposed to be applied to Type-1 HARQ-ACK multiplexing or Type-3 HARQ-ACK codebook generation. 
[bookmark: OLE_LINK1]Proposal 2: For Type-1 HARQ-ACK multiplexing for unicast or multicast or for Type-3 HARQ-ACK codebook generation, the value of maxNrofCodeWordsScheduledByDCI for unicast applies. 
Accordingly, the draft CR is provided in [6]. 

Issue#4: K1 timing for DCI format 1_0
For Type-1 HARQ-ACK codebook generation, the K1 is determined by the dl-DataToUL-ACK or dl-DataToUL-ACK-r16 or dl-DataToUL-ACK-DCI-1-2 or dl-DataToUL-ACK-r17 or dl-DataToUL-ACK-DCI-1-2-r17 depending on whether UE is configured to monitor PDCCH for the specific DCI format along with the corresponding parameters of K1.  
Following the current pseudo procedure defined in clause 9.1.2.1 in TS38.213 of determining K1, when UE is configured to monitor PDCCH for multicast DCI formats, the restricted K1 to be indicated by  DCI format 1_0 is different for the cases of UE provided fdmed-ReceptionMulticast or type1CodebookGenerationMode with ‘mode1’ or ‘mode2’, i.e., K1 is only updated for the case of TDM-ed HARQ-ACK multiplexing with union K1 set for unicast and multicast. 
However, given DCI format will not be used for scheduling multicast anyway, the restricted K1 for DCI format 1_0 should not be affected by scheduling multicast despite the mode of multiplexing Type-1 HARQ-ACK for unicast and multicast. In addition, the restricted K1 to be indicated by DCI format 4_1 if UE is not provided dl-DataToUL-ACK-MulticastDCI-Format4-1 is not specified, which is supposed to be specified similarly, i.e., the UE does not expect to be indicated by DCI format 4_1 a slot timing value for transmission of HARQ-ACK information that does not belong to the intersection of the set of slot timing values {1, 2, 3, 4, 5, 6, 7, 8} and the set of slot timing values provided by  determined for multicast. 
Accordingly, the draft CR is provided in [7]. 

Conclusions
This paper further analyzes and discusses the remaining controversial issues based on the discussion from RAN1#112bis-e meeting including PDCCH validation for SPS, PUCCH resources determination for HARQ-ACK, HARQ-ACK codebook when provided maxNrofCodeWords, etc. The corresponding CRs are separately provided. In addition, the proposals are summarized as follows:
Proposal 1: If UE is provided NACK-only mode1, UE determines the PUCCH resources from pucch-ConfigMulticast1/ pucch-ConfigurationListMulticast1 for the case of one HARQ-ACK bit.
Proposal 2: For Type-1 HARQ-ACK multiplexing for unicast or multicast or for Type-3 HARQ-ACK codebook generation, the value of maxNrofCodeWordsScheduledByDCI for unicast applies. 
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