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1. Introduction
In previous e-meeting [1], the remaining issues for Rel-17 NR MBS were discussed and achieved some agreements. However, there are still some critical remaining issues needed to be discussed and to finalize the Rel-17 MBS. In this contribution, we will further discuss the detailed design for the remaining issue of Rel-17 NR MBS.
2. Discussion
2.1  FDMed unicast/multicast SPS ReTx PDSCH and GC-PDSCH
Regarding the FDMed unicast/multicast SPS ReTx PDSCH and GC-PDSCH, it was discussed in previous meeting with controversial views and achieved the following agreements for further down-selection in this meeting [1]:
	Agreement: 
It is clarified that for the FDMed unicast PDSCH and group-common PDSCH capability of RRC_CONNECTED UE, the unicast PDSCH and group-common PDSCH can only be dynamically scheduled. Further down-selection between the following:
· Opt 1: the unicast/multicast SPS retransmission PDSCH is included in the dynamically scheduled PDSCH for FDMed scheduling
· FFS: whether new UE capability is needed
· Opt 2: the unicast/multicast SPS retransmission PDSCH is NOT included in the dynamically scheduled PDSCH for FDMed scheduling 


Based on the previous discussion, whether the UE receiving the multicast service supports FDMed case is an optional UE capability, which has been reflected in the FG 33-3-2 as copied following. 
	33-3-2
	FDM-ed unicast PDSCH and one group-common PDSCH for multicast
	1. Support FDM between one unicast PDSCH and one group-common PDSCH for multicast in RRC CONNECTED mode in a slot.

	Note: this FG does not support FDMed SPS
	Optional with capability signalling


Besides, the FG has clearly stated that it does not support FDMed SPS case. If we consider to define other FDMed case, the more discussion and extra UE capability is needed, it is not preferred at this late stage for the MBS maintenance phase. Based on the above discussion, the following proposal is suggested:
[bookmark: _Ref127558277]Proposal 1: The unicast/multicast SPS retransmission PDSCH is NOT included in the dynamically scheduled PDSCH for FDMed scheduling and no any enhancement for the current MBS FDMed case.

2.2  PUCCH resource mapping for the NACK-only case
For the NACK only based HARQ-ACK feedback, the following agreement about the mapping table between HARQ-ACK bits and PUCCH resource was achieve in previous meeting.
	Agreement
For UE configured with NACK-only HARQ-ACK feedback, for Alt4 (from previous agreement), define the mapping between HARQ-ACK values and the PUCCH resources for the TBs configured with NACK-only as follows:
· The mapping is applied to both a single G-RNTI
· FFS: multiple configured G-RNTIs cases.
· FFS: how to order the TBs, whether/how to account for missed or non-scheduled TBs
· FFS whether/how PRI is used for indication. 
	HARQ-ACK Value
	PUCCH resource

	{0}
	{0,0}
	{0,0,0}
	{0,0,0,0}
	1st PUCCH resource provided by pucch-ResourceId obtained from the 1st value of resourceList

	
	{1,0}
	{1,0,0}
	{1,0,0,0}
	2nd PUCCH resource provided by pucch-ResourceId obtained from the 2nd value of resourceList

	
	{0,1}
	{0,1,0}
	{0,1,0,0}
	3rd PUCCH resource provided by pucch-ResourceId obtained from the 3rd value of resourceList

	
	
	{1,1,0}
	{1,1,0,0}
	4th PUCCH resource provided by pucch-ResourceId obtained from the 4th value of resourceList

	
	
	{0,0,1}
	{0,0,1,0}
	5th PUCCH resource provided by pucch-ResourceId obtained from the 5th value of resourceList

	
	
	{1,0,1}
	{1,0,1,0}
	6th PUCCH resource provided by pucch-ResourceId obtained from the 6th value of resourceList

	
	
	{0,1,1}
	{0,1,1,0}
	7th PUCCH resource provided by pucch-ResourceId obtained from the 7th value of resourceList

	
	
	
	{1,1,1,0}
	8th PUCCH resource provided by pucch-ResourceId obtained from the 8th value of resourceList

	
	
	
	{0,0,0,1}
	9th PUCCH resource provided by pucch-ResourceId obtained from the 9th value of resourceList

	
	
	
	{1,0,0,1}
	10th PUCCH resource provided by pucch-ResourceId obtained from the 10th value of resourceList

	
	
	
	{0,1,0,1}
	11th PUCCH resource provided by pucch-ResourceId obtained from the 11th value of resourceList

	
	
	
	{1,1,0,1}
	12th PUCCH resource provided by pucch-ResourceId obtained from the 12th value of resourceList

	
	
	
	{0,0,1,1}
	13th PUCCH resource provided by pucch-ResourceId obtained from the 13th value of resourceList

	
	
	
	{1,0,1,1}
	14th PUCCH resource provided by pucch-ResourceId obtained from the 14th value of resourceList

	
	
	
	{0,1,1,1}
	15th PUCCH resource provided by pucch-ResourceId obtained from the 15th value of resourceList





One remaining issue is whether the mapping table will be applied to multiple configured G-RNTIs. From our understanding, the main purpose of introducing the NACK only based feedback is to decrease the PUCCH resource overhead, and multiple UE can share the same PUCCH resource to feedback the only NACK feedback. Besides, assuming the mapping table is applied to G-RNT, if one UE is configured multiple G-RNTIs and will feedback the NACK in the same PUCCH slot, the UE also needs to choose one PUCCH and multiplex all the feedback in the same PUCCH resource. For example, as illustrated in Figure 1, if UE is configured three G-RNTIs, e.g., G-RNTI 1, G-RNTI 2 and G-RNTI 3, and the PDSCHs corresponding to the configured G-RNTIs are feedback in the same PUCCH slot, the UE will choose one PUCCH resource to transmit the corresponding PDSCH decoding status information. If multiple mapping table is used for the case, it will need more discussion how to choose which mapping table is used and how to map between the TB and PUCCH resource and so on, which will make the issue more complexity.
[image: ]
[bookmark: _Ref111195387]Figure 1 multiple G-RNTIs for one PUCCH slot
Considering the above reason, we prefer that the mapping between HARQ-ACK values and the PUCCH resources for the TBs configured with NACK-only can be applied to multiple G-RNTIs, and the corresponding correction for the latest spec can refer to our contribution[2].
[bookmark: _Ref111199835]Proposal 2: For the NACK-only case, the mapping table between HARQ-ACK values and the PUCCH resources can be applied to multiple configured G-RNTIs.
2.3  Codebook for NACK only
For the codebook design for the NACK only case, the following agreements were achieved for addressing how to order the TBs, whether/how to account for missed or non-scheduled TBs.
	Agreement
For multicast, for addressing how to count and order the HARQ-ACK bits for NACK-only for Alt4:
· Case 1: when the HARQ-ACK-to-PUCCH mapping table for Alt4 (from previous agreement) is applied to a single G-RNTI (from network and UE perspective) 
· Opt1-1: based on C-DAI included in DL DCI for counting the number of HARQ-ACK bits and for ordering the HARQ-ACK bits.
· FFS: whether Opt1-1 can also work when different G-RNTIs are used for different UEs
· Note: other cases are not precluded
Agreement
For multicast, for addressing how to count and order the HARQ-ACK bits for NACK-only for Alt4, further down-selection on the following cases/options in the next meeting: 
· Case 2: for the case of all UEs configured with the same set of G-RNTIs
· Opt2-1: support Alt4 for this case
· Opt2-1-1: based on the sum of C-DAI included in the last scheduling DCI from each G-RNTI for counting the total number of HARQ-ACK bits. The ordering of HARQ-ACK bits is per C-DAI from each G-RNTI and in the ascending order of G-RNTI values. 
· Opt2-1-2: based on C-DAI* included in the last scheduling DCI for counting the number of HARQ-ACK bits and for ordering the HARQ-ACK bits. The C-DAI* is accumulating the scheduled TBs across different G-RNTIs 
· Opt2-2: does not support Alt4 for this case. 
· Case 3: for the case of different UEs configured with different G-RNTIs
· Opt3-1: support Alt4 for this case
· Opt3-1-1: based on the sum of C-DAI included in the last scheduling DCI from each G-RNTI for counting the total number of HARQ-ACK bits. The ordering of HARQ-ACK bits is per C-DAI from each G-RNTI and in the ascending order of G-RNTI values. 
· Opt3-1-2: based on C-DAI* included in the last scheduling DCI for counting the number of HARQ-ACK bits and for ordering the HARQ-ACK bits. The C-DAI* is accumulating the scheduled TBs across different G-RNTIs. 
· Opt3-2: does not support Alt4 for this case. 


It can be seen that, for a single G-RNTI, the counting and ordering the HARQ-ACK bits for NACK-only is based on the C-DAI included in DL DCI. One remaining issue is that whether it can still work when different G-RNTIs are used for different UEs. 
From our view, the issue is more related to whether the DAI is counted per a single G-RNTI or per all configured G-RNTIs. If DAI is counted per G-RNTI, it may cause the codebook misalignment between gNB and UE side when some G-RNTIs only schedule one PDSCHs in the HARQ-ACK feedback window. For example, as illustrated in Figure 2, assuming UE1 is configured with three G-RNTIs, e.g., G-RNTI1 corresponding to TB1 and TB2, G-RNTI2 corresponding to TB3 and G-RNTI3 corresponding to TB4, and UE2 is only configured with 2 G-RNTIs, e.g., G-RNTI2 and G-RNTI3, if TB3 is missed for the UE1 and DAI is counted per DAI as Opt 2 in the figure, the UE cannot aware that it missed the TB3, and will choose the PUCCH resource based on 3 PDSCH receiving status, which is not aligned with gNB side. Instead, if Opt1 is used, e.g., DAI is counted for all G-RNTIs, the UE can know that it missed the TB3 and will choose the PUCCH resource based on 4 PDSCH receiving status with TB3 is NACK. For the UE2, if Opt 1 is used, it has the similar issue with UE1, and Opt 2 can avoid the issue, e.g., missed TB3. To be honest, Opt2 has some disadvantages, e.g., even though UE2 does not receive the TB1 and TB2, it needs to feedback these two TB’s HARQ-ACK bits. Comparing the two option’s pros and cons, we prefer the DAI is counted per all G-NRTIs to resolve the DCI missing issue.
[bookmark: _Ref111199837]Proposal 3: For the NACK-only HARQ codebook generation, the DAI is counted per all G-RNTIs.
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[bookmark: _Ref111195602]Figure 2 The relationship between DAI and G-RNTI
2.4  K1 determination for multicast Type-1 CB
Regarding the TDM-ed unicast and multicast, the K1 determination was achieved as following agreements in previous RAN1 meeting. Based on the latest TS38.331, if the UE is provided mode 1 by type1-Codebook-GenerationMode-r17, the UE needs to generate the CB based on the Alt 1 description as agreed in the following, and if the UE is provided mode 2 by type1-Codebook-GenerationMode-r17, the UE needs to generate the CB based on the Alt 2 description as agreed in the following. 
	Agreement:
For TDM-ed unicast and multicast, for Type-1 HARQ-ACK codebook construction for ACK/NACK-based unicast and multicast to be multiplexed in the same PUCCH resource, determining PDSCH reception candidate occasions can be configured between the following alternatives from the previous agreement:
· Alt 1:
· for slot timing values  k1 in the intersection of  k1 set for unicast (termed set A) and k1  set for multicast (termed set B), based on union of the PDSCH TDRA sets, 
· for slot timing values k1  in set A but not in set B, based on PDSCH TDRA set for unicast, and
· for slot timing values k1  in set B but not in set A, based on PDSCH TDRA set for multicast. 
· Alt 2: for slot timing values k1  in the union of k1 set for unicast and k1 set for multicast, based on the union of the PDSCH TDRA sets.
· Support of Alt. 1 is a UE capability
[image: ]


However, the latest TS38.213 does not reflect the agreements clearly, the corresponding modification as stated following is needed to reflect the previous agreements correctly.
		If the UE is configured to monitor PDCCH for multicast DCI formats for serving cell 
-	if the UE is not provided type1-Codebook-GenerationMode = 'mode21',  is additionally provided by the union of dl-DataToUL-ACK from pucch-ConfigMulticast1/pucch-ConfigurationListMulticast1 or pucch-ConfigMulticast2/pucch-ConfigurationListMulticast2 and dl-DataToUL-ACK-ForDCI Format4-1
-	if the UE is not provided dl-DataToUL-ACK-ForDCI Format4-1,  is additionally provided by the union of dl-DataToUL-ACK from pucch-ConfigurationListMulticast1 or pucch-ConfigurationListMulticast2 and the slot timing values {1, 2, 3, 4, 5, 6, 7, 8} 
-	if the UE is provided type1-Codebook-GenerationMode = '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 



Based on the following agreements, if the UE is provided fdmed-Reception-Multicast, it needs to generate the unicast and multicast HARQ-ACK codebook separately, then concatenate the two sub-CB. So, for this case, the K1 determination for unicast and multicast also should be separately. However, regarding how to generate the K1 for this case is not defined in current spec, the corresponding modification is needed and the detailed correction can refer to our contribution[3].
	Agreement
For the Type-1 codebook construction for FDM-ed unicast and multicast via Opt 4 (from the previous agreement), when UE is configured with multiple G-RNTIs and UE is configured with fdmed-Reception-Multicast, the sub-codebook for multicast consists of the sub-codebooks for each G-RNTI by appending one to another in ascending order of G-RNTI value.
· The sub-codebook for each G-RNTI is generated per the k1 and TDRA configurations for the same G-RNTI as the legacy procedure.



[bookmark: _Ref127558281]Proposal 4: The K1 determination for multicast needs to be corrected and the detailed correction refer to R1-2301789.
2.5  Discussion on rate match patter number for MBS broadcast reception
For the MBS broadcast reception, it agreed that 'RateMatchPatternLTE-CRS' in pdsch-ConfigMCCH or pdsch-ConfigMTCH configuration is used for the broadcast PDSCH rate matching. However, the maximum rate matching pattern number maintained by the UE is fixed, if more rate matching pattern is introduced, it needs to extra UE capability/cost. Considering the UE receiving MBS needs to maximally reuse the legacy UE capability, it is better to keep the total number of RateMatchPatternLTE-CRS for Rel-17 is same with the Rel-16 unicast, which also similar with the ZP-CSI-RS-Resources or ZP-CSI-RS-Resources restriction as copied following:
	The total number of periodic ZP-CSI-RS-Resources that a UE can be configured with is the same as for unicast in Rel-16.
The total number of semi-persistent ZP-CSI-RS-Resources that a UE can be configured with is the same as for unicast.



[bookmark: _Ref127558282]Proposal 5: For UE receiving MBS broadcast service, the total number of RateMatchPatternLTE-CRS that a UE can be configured with is the same as for unicast in Rel-16 and the detailed correction refer to R1-2301622.

3. Conclusion 
In this contribution, it further discusses the MBS remaining issues with following proposals:
Proposal 1: The unicast/multicast SPS retransmission PDSCH is NOT included in the dynamically scheduled PDSCH for FDMed scheduling and no any enhancement for the current MBS FDMed case.
Proposal 2: For the NACK-only case, the mapping table between HARQ-ACK values and the PUCCH resources can be applied to multiple configured G-RNTIs.
Proposal 3: For the NACK-only HARQ codebook generation, the DAI is counted per all G-RNTIs.
Proposal 4: The K1 determination for multicast needs to be corrected and the detailed correction refer to R1-2301789.
Proposal 5: For UE receiving MBS broadcast service, the total number of RateMatchPatternLTE-CRS that a UE can be configured with is the same as for unicast in Rel-16 and the detailed correction refer to R1-2301622.
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Indicates the mode of Type-1 HARQ-ACK codebook generation. Mode 1 is based on the k1 values that are in the intersection of K1 set for unicast and K1 set for multicast.
Mode 2 is based on the k1 values that in the union of K1 set for unicast and K1 set for multicast.
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