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Introduction
During RAN#88-e meeting, the revised WI on NR MBS has been approved [1]. Most of the functionalities of MBS have been finalized. In this contribution, we provide our analysis and TPs for the remaining issues.
Scheduling mechanism
Terms of G-RNTI for MBS
As described in TS 38.300, the logical channel MTCH is defined as a point-to-multipoint downlink channel for either multicast or broadcast. It means that the MTCH includes broadcast MTCH and multicast MTCH.
	-	MTCH: A point-to-multipoint downlink channel for transmitting MBS data of either multicast session or broadcast session from the network to the UE;


Both broadcast MTCH and multicast MTCH are scrambled by G-RNTI. In the current physical layer specification, including, TS 38.212, TS 38.213 and TS 38.214, the term G-RNTI is used without discriminating the broadcast MTCH and multicast MTCH. However, the operation of broadcast and multicast may be different. The current term may cause ambiguity. For example, in some positions, ‘G-RNTI for MTCH’ is used to represent the G-RNTI for scrambling broadcast MTCH. In some other places, ‘G-RNTI’ is used for represent the G-RNTI for scrambling multicast MTCH. Both of ‘G-RNTI for MTCH’ and ‘G-RNTI’ do not distinguish multicast from broadcast effectively. 
Therefore, we recommend that the term of G-RNTI used in the physical layer specifications be modified in the following way:
· Regarding G-RNTI for broadcast MTCH, ‘G-RNTI for broadcast’ is used instead of ‘G-RNTI for MTCH’. 
· Regarding G-RNTI for multicast MTCH, ‘G-RNTI for multicast’ is used instead of ‘G-RNTI’. 
· Regarding G-RNTI for either broadcast or multicast, ‘G-RNTI’ is used. 
According to the above analysis, we have the following proposal and the draft CRs can also be found in [2][3][4]. 
Proposal 1: For G-RNTI used in physical layer specifications, 
· Regarding G-RNTI for broadcast MTCH, ‘G-RNTI for broadcast’ is used. 
· Regarding G-RNTI for multicast MTCH, ‘G-RNTI for multicast’ is used. 
· Regarding G-RNTI for either broadcast MTCH or multicast MTCH, ‘G-RNTI’ is used. 
FDM PDSCH reception between unicast and MBS
During RAN1#110bis-e meeting, there was no progress on how to define collision handling schemes for FDM SPS PDSCH reception as the views from companies were still very divergent. If there is no conclusion at the end, it means that FDM based unicast and multicast PDSCH reception cannot be supported for SPS scheduling mechanism. And the following conclusion was proposed by FL. 
	Conclusion 3.14.1
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.
· FFS: any specification impact


From our point of view, there is no difference on UE capability for supporting FDM reception between two DG PDSCHs and between two SPS PDSCHs. However, this is a fact that some specific problems under FDM SPS PDSCH reception still cannot be solved at this late stage. Therefore, it can only be excluded from the feature list of Rel-17 MBS. 
According to the above analysis, we support the above proposed conclusion and the draft CR can also be found in [5]. 
Multicast: UL feedback
About 1 bit NACK-only feedback
In RAN1#110b-e meeting, there was discussion on whether the higher layer parameter moreThanOneNackOnlyMode includes the case of 1-bit NACK-only feedback. The description of this higher layer parameter in TS38.331 is shown below. If this parameter is provided, NACK-only mode2 is used. Otherwise, NACK-only mode 1 is used.
	TS38.331 h20(current description)
moreThanOneNackOnlyMode-r17 ENUMERATED {mode2}
moreThanOneNackOnlyMode
Indicates the mode of supporting more than one NACK-only feedback in the same PUCCH transmission. Mode 1 means UE multiplexing the HARQ-ACK bits by transforming NACK-only into ACK/NACK HARQ bits. Mode 2 means UE transmitting a specific sequence or a PUCCH transmission corresponding to the combination of more than one NACK-only HARQ feedback. If multicast CFR is not configured, this field is not included. Otherwise, if the field is absent, UE uses mode 1 for multicast CFR.


There are two potential interpretations as follows.
Interpretation 1: This parameter includes the case of 1-bit NACK
[bookmark: _Hlk118559601]The reason for this interpretation is that there are two NACK-only feedback modes and the purpose of this parameter is to indicates one of the NACK-only feedbacks for the UE. In this case, PUCCH resource determination for the 1-bit NACK-only feedback are different. If the parameter moreThanOneNackOnlyMode is provided, the 1-bit NACK-only PUCCH is determined by the Table 18-1 and the PRI field is ignored by the UE according to the following agreement.
	Agreement
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.


If the parameter moreThanOneNackOnlyMode is not provided, then the 1-bit NACK-only PUCCH is determined from the PUCCH set0 configured by pucch-ConfigurationListMulticast2 based on the PRI value according to the following agreement.
	Agreement
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. 


The interpretation is not in line with the description of this parameter moreThanOneNackOnlyMode in TS38.331. Therefore, the description needs to be changed if RAN1 adopts this interpretation.
Based on interpretation 1, a possible TP1 for TS38.213 h30 is proposed as follows.
Text Proposal 1 for Section 18 in TS38.213 h30
	<Unchanged parts are omitted>
For the second HARQ-ACK reporting mode, when moreThanOneNackOnlyMode is not provided and a number of HARQ-ACK information bits is one, a UE transmits a PUCCH only when the HARQ-ACK information bit has NACK value. For a PUCCH resource associated with PUCCH format 0, the UE transmits the PUCCH as described in [4, TS 38.211] by obtaining  as described for HARQ-ACK information in clause 9.2.3 and by setting . For a PUCCH resource associated with PUCCH format 1, the UE transmits the PUCCH as described in [4, TS 38.211] by setting . The PUCCH resource determination is based on a PUCCH resource indicator field in DCI format 4-1/4-2 from the PUCCH set 0 provided by pucch-ConfigurationMulticast2/pucch-ConfigurationListMulticast2. 
< Unchanged parts are omitted >


Interpretation 2: This parameter does not include the case of 1-bit NACK only
With this interpretation, the NACK-only mode is only applied for the case of more than 1 bit NACK-only. The 1-bit NACK-only PUCCH is determined only from the PUCCH set0 configured for NACK-only instead of determining the PUCCH resource from Table 18-1 in TS38.213. Therefore, the case of 1bit HARQ-ACK information should be removed from Table 18-1. This interpretation is in line with the description in TS38.331. Therefore, the current description of this parameter in TS 38.331 does not need to be modified. However, it is not aligned with the previous RAN1 agreement on PUCCH resource determination. 
Based on interpretation 2, a possible TP2 for TS38.213 h30 is proposed as follows.
Text Proposal 2 for Section 18 in TS38.213 h30
	18 Multicast Broadcast Services
<Unchanged parts are omitted>
[bookmark: _GoBack]For the second HARQ-ACK reporting mode, when a number of HARQ-ACK information bits is one, a UE transmits a PUCCH only when the HARQ-ACK information bit has NACK value. For a PUCCH resource associated with PUCCH format 0, the UE transmits the PUCCH as described in [4, TS 38.211] by obtaining  as described for HARQ-ACK information in clause 9.2.3 and by setting . For a PUCCH resource associated with PUCCH format 1, the UE transmits the PUCCH as described in [4, TS 38.211] by setting . The PUCCH resource determination is based on a PUCCH resource indicator field in DCI format 4-1/4-2 from the configured PUCCH set 0 provided by pucch-ConfigurationMulticast2/pucch-ConfigurationListMulticast2.
< Unchanged parts are omitted >

[bookmark: OLE_LINK4]<Unchanged parts are omitted>
A UE that is indicated the second HARQ-ACK reporting mode for only one G-RNTI can be indicated by moreThanOneNackOnlyMode to provide associated HARQ-ACK information bits in a PUCCH either according to the first HARQ-ACK reporting mode or by selecting a PUCCH resource from a set of PUCCH resources for the PUCCH transmission based on the values of the HARQ-ACK information bits as described in Table 18-1. The UE generates HARQ-ACK information bits for the second HARQ-ACK reporting mode according to a Type-2 HARQ-ACK codebook as described in clause 9.1.3.1. For a PUCCH resource associated with PUCCH format 0, the UE transmits the PUCCH as described in [4, TS 38.211] by obtaining  as described for HARQ-ACK information in clause 9.2.3 and by setting . For a PUCCH resource associated with PUCCH format 1, the UE transmits the PUCCH as described in [4, TS 38.211] by setting .
Table 18-1: Mapping of values of HARQ-ACK information bits to PUCCH resources for the second HARQ-ACK reporting mode 
	Value of HARQ-ACK information bits 
	PUCCH resource

	{0}
	{0,0}
	{0,0,0}
	{0,0,0,0}
	1st PUCCH resource from resourceList

	
	{1,0}
	{1,0,0}
	{1,0,0,0}
	2nd PUCCH resource from resourceList

	
	{0,1}
	{0,1,0}
	{0,1,0,0}
	3rd PUCCH resource from resourceList

	
	
	{1,1,0}
	{1,1,0,0}
	4th PUCCH resource from resourceList

	
	
	{0,0,1}
	{0,0,1,0}
	5th PUCCH resource from resourceList

	
	
	{1,0,1}
	{1,0,1,0}
	6th PUCCH resource from resourceList

	
	
	{0,1,1}
	{0,1,1,0}
	7th PUCCH resource from resourceList

	
	
	
	{1,1,1,0}
	8th PUCCH resource from resourceList

	
	
	
	{0,0,0,1}
	9th PUCCH resource from resourceList

	
	
	
	{1,0,0,1}
	10th PUCCH resource from resourceList

	
	
	
	{0,1,0,1}
	11th PUCCH resource from resourceList

	
	
	
	{1,1,0,1}
	12th PUCCH resource from resourceList

	
	
	
	{0,0,1,1}
	13th PUCCH resource from resourceList

	
	
	
	{1,0,1,1}
	14th PUCCH resource from resourceList

	
	
	
	{0,1,1,1}
	15th PUCCH resource from resourceList


< Unchanged parts are omitted >


Obviously, interpretation 1 makes the 1-bit NACK-only PUCCH resource determination more flexible. In addition, it is aligned with the RAN1 agreement. Even though it may have spec impact of TS38.331, it may not an NBC change.  Therefore, we slightly prefer interpretation 1 and a LS to RAN2 is needed to clarify the updates of the description.
Proposal 2: RAN1 should endorse the text proposal 1 and send a LS to RAN2 to update the description of the higher layer parameter moreThanOneNackOnlyMode.
An accompanied CR is provided in [6]
Type-3 codebook for MBS
In current specification, a Type-3 codebook includes the HARQ-ACK information bits for all the HARQ processes for all the configured serving cells. In MBS, HARQ feedback can be disabled by RRC or DCI. When a Type-3 codebook is triggered, how to set the value of HARQ-ACK information bits for the HARQ process indicated with disabled HARQ feedback should be discussed. In our understanding, there are three options when NDI is not included in Type-3 codebook. 
· Option 1: The HARQ-ACK information bits is set to ‘NACK’
· Option 2: The HARQ-ACK information bits is set to ‘ACK’
· Option 3: It is up to UE implementation to set the HARQ-ACK information bits as ‘NACK’ or ‘ACK’.
If the HARQ feedback is disabled for a PDSCH with a HARQ process number, the UE does not transmit HARQ-ACK information for the PDSCH. From the network perspective, it does not expect the HARQ for the PDSCH. Therefore, the network may continue to schedule another new transmission with the same HARQ process number after the transmission of the PDSCH. Then a Type-3 codebook is triggered. However, the UE may miss the DCI for scheduling the new transmission. In this case, if the HARQ-ACK information bits for the HARQ process number are set to ‘ACK’, it may lead to the misunderstanding that the network believes that the UE has received the new transmission correctly. To resolve this issue, the UE should set the HARQ-ACK information bits for the HARQ process to ‘NACK’ if the corresponding PDSCH is indicated with disabled HARQ feedback.
When the NDI is included in the Type-3 codebook, the HARQ-ACK information and NDI should be included in the Type-3 codebook, due to the same reason, instead of UE implementation to set the HARQ information bits as ‘NACK’ or ‘ACK’
Proposal 3: For a HARQ process associated with a PDSCH configured with disabled HARQ feedback, 
· ‘NACK’ should be included in the Type-3 codebook in case NDI is not included in Type-3 codebook
· The HARQ-ACK information and the NDI should be included in the Type-3 codebook instead of UE implementation in case NDI is included in Type-3 codebook.
An accompanied CR is provided in [7].
Intra-UE multiplexing with NACK-only PUCCH
It was agreed that MBS can be configured with different priorities. The priority is indicated by the DCI. It was agreed that the current intra-UE mechanism is reused for MBS. For MBS, NACK-only feedback is supported. The UE transmits the PUCCH only when at least one of the PDSCHs is not decoded correctly. The UE does not transmit the PUCCH when all the PDSCHs are decoded correctly.
When a PUCCH resource for NACK-only overlaps with a PUSCH or anther PUCCH with the same priority in the time domain, the UE should assume that the PUCCH for NACK-only is transmitted even if all the PDSCHs are decoded correctly. In this case, the UE transfers the NACK-only to HARQ-ACK information and then multiplexes them in the PUSCH or anther PUCCH.
This principle should be reused for the case of the overlapping between PUCCH for NACK-only and a PUSCH or another PUCCH with different priority. That is to say, when a PUCCH for NACK-only with higher priority overlaps with a PUSCH or another PUCCH with lower priority, the UE should cancel the PUSCH or another PUCCH with lower priority even if all the PDSCHs corresponding to the PUCCH are decoded correctly.
[bookmark: _Hlk118724201]Proposal 4: When a PUCCH for NACK-only with higher priority overlaps with a PUSCH or another PUCCH with lower priority, the UE should cancel the PUSCH or another PUCCH with lower priority even if all the PDSCHs corresponding to the PUCCH for NACK-only with higher priority are decoded correctly.
An accompanied CR is provided in [8]
Type-2 codebook for multicast SPS
In last meeting, Type-2 codebook for multi-cast SPS is discussed. When Type-2 codebook includes the HARQ-ACK information bits for both unicast and multicast, whether the HARQ-ACK information bits for SPS are duplicated or not. In current TS38.213, the following is stated. 
	If a UE is configured to monitor PDCCH for multicast DCI formats with CRC scrambled by one or more G-RNTIs or G-CS-RNTIs that the UE generates a Type-2 HARQ-ACK codebook, the UE separately applies the procedures in this clause per G-RNTI or per G-CS-RNTI and determines the Type-2 HARQ-ACK codebook by concatenating the Type-2 HARQ-ACK codebook for unicast DCI formats, followed by the HARQ-ACK codebooks for the multicast DCI formats in ascending order of the corresponding G-RNTI values, followed by the HARQ-ACK codebooks for the multicast DCI formats in ascending order of the corresponding G-CS-RNTI values. 


The UE generates the Type-2 codebook per RNTI, e.g., G-RNTI, G-CS-RNTI, or C-RNTI (CS-RNTI). It means when the UE generates Type-2 codebook for unicast, the SPS PDSCH scrambled by G-CS-RNTI will be skipped. Similarly, the SPS PDSCH scrambled by CS-RNTI is skipped when generating Type-2 codebook for multicast. In this case, no duplicated HARQ-ACK information bits generated. 
In RAN1#107-e, the following is agreed.
	Agreement
When UE is configured with unicast SPS and multicast SPS with ACK/NACK based feedback for multiplexing on the same PUCCH for the same priority case, the HARQ-ACK codebook is constructed as for multiple SPS PDSCHs regardless of unicast SPS PDSCH or multicast SPS PDSCH. 


In our understanding, this is applied when the HARQ-ACK codebook only for SPS PDSCH. It means the HARQ-ACK is generated according the SPS index but not the RNTI. The HARQ-ACK is transmitted on the PUCCH resource provided by SPS-PUCCH-AN-List as agreed. This agreement may not lead to the duplicated HARQ-ACK information bits generation for Type-2 codebook.
Proposal 5: Based on the current specification, no duplicated HARQ-ACK information is generated for Type-2 codebook for unicast and multicast and therefore spec change is not needed.
Conclusion
According to the discussion above, we have the following proposals.
Proposal 1: For G-RNTI used in physical layer specifications, 
· Regarding G-RNTI for broadcast MTCH, ‘G-RNTI for broadcast’ is used. 
· Regarding G-RNTI for multicast MTCH, ‘G-RNTI for multicast’ is used. 
· Regarding G-RNTI for either broadcast MTCH or multicast MTCH, ‘G-RNTI’ is used. 
Proposal 2: RAN1 should endorse the text proposal 1 and send a LS to RAN2 to update the description of the higher layer parameter moreThanOneNackOnlyMode.
· Text Proposal 1 for Section 18 in TS38.213 h30
	<Unchanged parts are omitted>
For the second HARQ-ACK reporting mode, when moreThanOneNackOnlyMode is not provided and a number of HARQ-ACK information bits is one, a UE transmits a PUCCH only when the HARQ-ACK information bit has NACK value. For a PUCCH resource associated with PUCCH format 0, the UE transmits the PUCCH as described in [4, TS 38.211] by obtaining  as described for HARQ-ACK information in clause 9.2.3 and by setting . For a PUCCH resource associated with PUCCH format 1, the UE transmits the PUCCH as described in [4, TS 38.211] by setting . The PUCCH resource determination is based on a PUCCH resource indicator field in DCI format 4-1/4-2 from the PUCCH set 0 provided by pucch-ConfigurationMulticast2/pucch-ConfigurationListMulticast2. 
< Unchanged parts are omitted >



Proposal 3: For a HARQ process associated with a PDSCH configured with disabled HARQ process, 
· ‘NACK’ should be included in the Type-3 codebook in case NDI is not included in Type-3 codebook
· The HARQ-ACK information and the NDI should be included in the Type-3 codebook instead of UE implementation in case NDI is included in Type-3 codebook.
Proposal 4: When a PUCCH for NACK-only with higher priority overlaps with a PUSCH or another PUCCH with lower priority, the UE should cancel the PUSCH or another PUCCH with lower priority even if all the PDSCHs are decoded correctly.
Proposal 5: Based on the current specification, no duplicated HARQ-ACK information is generated for Type-2 codebook for unicast and multicast and therefore spec change is not needed.
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