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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
FLS#4 on the HARQ-ACK related issues for Rel-17 NR MBS [1] documented the issues discussed in the last meeting and there are still some remaining issues that have not been solved due to limited time in the last meeting. 
This paper further discusses the remaining maintenance issues including
· disabling HARQ-ACK not applied to SPS multicast activation and deactivation, 
· retransmission schemes for multicast, 
· PUCCH resources for multiplexing HARQ-ACK for multicast according to different HARQ-ACK reporting modes, and
· FDM-ed unicast and GC-PDSCH related capability correction and collision handling. 
[bookmark: _Ref114732477]Issue#1: Disabled HARQ-ACK not applied to SPS ac/dea
One new issue was raised in the last meeting whether the disabled HARQ-ACK feedback is applied to multicast SPS activation and deactivation. The draft CR in [2] was discussed but not progressed further due to limited time. The reason to have this CR is there is no benefit to support it since network will not be aware whether the SPS is successfully activated or deactivated, if the HARQ-ACK is disabled for SPS activation or deactivation. With not supporting it clearly from the specification, the UE implementation can be simplified. 
The relevant agreement reached is as follows:
	Agreement
[bookmark: OLE_LINK67][bookmark: OLE_LINK68]For multicast SPS PDSCH without PDCCH scheduling, support the following:
· RRC signalling configures the presence of the field “enabling/disabling HARQ-ACK feedback indication” in the group-common DCI for multicast SPS activation. 
· The configuration is per G-CS-RNTI.
· Separate UE capability is needed from that for dynamic scheduling for multicast. 
· RRC signalling configures directly whether the HARQ-ACK feedback is enabled or disabled. 
· The configuration is per G-CS-RNTI. 



The agreement specifies the case of SPS PDSCH without PDCCH scheduling. During the discussion in the last meeting, some companies commented that no clear agreement for the case of SPS activation and deactivation (i.e., the first PDSCH with PDCCH scheduling and the DCI for deactivation without the associated PDSCH), and some other companies commented that the agreement specifically stating SPS PDSCH without PDCCH scheduling was because otherwise the enabling/disabling HARQ-ACK feedback is NOT applicable so the consequence should be clear. 
To break the deadlock discussion and move forward, it was suggested to reach agreement first before discussing the CR. 
Proposal 1: For the first multicast SPS PDSCH reception after activation of SPS PDSCHs and for DCI formats without scheduling a PDSCH reception, the HARQ-ACK feedback is always “enabled”. 
The corresponding draft CR is provided in [3]. 
[bookmark: _Ref114738585][bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424][bookmark: _Ref129681832]Issue#2: retransmission for multicast
Retransmission schemes for multicast were discussed during the work item phase, which ended up with the following agreement: 
	Agreement:
For RRC_CONNECTED UEs, if ACK/NACK based HARQ-ACK feedback is supported for PTM scheme 1, and if initial transmission for multicast is based on PTM transmission scheme 1, support retransmission(s) using PTP transmission.
· The HARQ process ID and NDI indicated in DCI is used to associate the PTM scheme 1 and PTP transmitting the same TB.



For NACK-only based feedback, the common understanding was that PTP retransmission is not workable because which UE transmits the NACK is undetectable from network perspective. However, such common understanding was based on the assumption that the PUCCH resources for feedback are shared by all UEs within the group to reduce the PUCCH overhead. Nevertheless, the PUCCH resources for NACK-only feedback are up to network configuration and the resources might be shared or not. On the other hand, when the NACK-only feedback is converted into ACK/NACK bits in the cases of e.g., in NACK-only mode1, or multiplexing with ACK/NACK feedback for unicast or other multicast configuration, the network can retransmit the failed TB via PTP. Therefore, the G-RNTI configured with NACK-only feedback does not necessarily mean the retransmission can only be PTM. 
From TS38.213 [4] as referenced as follows, it is unclear or could be misleading that NACK-only can only imply PTM retransmission because the PTP retransmission is only mentioned for the first HARQ-ACK reporting mode. Likewise, the retransmission scheme for G-CS-RNTI configured with NACK-only feedback needs to be clarified as well. 
	A PDSCH reception providing an initial transmission of a transport block is scheduled only by a multicast DCI format. For the first HARQ-ACK reporting mode, a PDSCH reception providing a retransmission of the transport block can be scheduled either by a multicast DCI format using a same G-RNTI as the G-RNTI of the initial transmission of the transport block, or by a unicast DCI format using a C-RNTI [6, TS 38.214].



The CR is provided in [5].
Issue#3: PUCCH resources for HARQ-ACK
The multicast HARQ-ACK feedback and its multiplexing with others are mostly specified in TS38.213 Clause 18 [4], including multiplexing the multicast HARQ-ACK associated with the same first HARQ-ACK reporting mode or with different HARQ-ACK reporting modes. 
However, it is unclear how to determine the PUCCH resource for transmission in response to the last DCI for the following two cases:
· For multiplexing multicast HARQ-ACK associated only with the second HARQ-ACK reporting mode, how to determine the PUCCH resource for transmission is not captured. 
· For multiplexing multicast HARQ-ACK associated only with the first HARQ-ACK reporting mode, how to determine the PUCCH resource for transmission is not captured. 
In line with the formulation for determining the PUCCH resources for other cases, the change is adding the phrase of ‘as described in clause 9.2.3’ for simplicity. 
The corresponding CR is provided in [6]. 
Issue#4: FDM-ed unicast and GC-PDSCH
When discussing one CR in the last meeting, the relevant issue regarding FDM-ed unicast and GC-PDSCH has not been completely solved. RAN1#110-b meeting reached the agreement that the FG 33-3-2 (FDM-ed unicast PDSCH and one group-common PDSCH for multicast) does not support FDM-ed SPS. RAN1#111 meeting further agreed that FDM-ed unicast PDSCH and GC-PDSCH can only be DG PDSCH. However, whether unicast/multicast SPS retransmission PDSCH is included in the dynamically scheduled PDSCH for FDMed scheduling needs further discussion:
	Agreement
[bookmark: _Hlk119921795]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:
· [bookmark: _Hlk119921836][bookmark: OLE_LINK2]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



Since SPS retransmission for unicast is treated as dynamic scheduling scrambled by CS-RNTI, opt 1 can be accepted without introducing additional UE capability. Consequently, when UE supports both SPS for multicast and FG33-3-2, UE can support FDM-ed unicast and SPS retransmission for multicast including the cases of G-CS-RNTI and CS-RNTI scrambled retransmission, which can be clarified further in FG 33-3-2 by a note. 
Proposal 2: The unicast/multicast SPS retransmission PDSCH is included in the dynamically scheduled PDSCHs for FDM-ed scheduling feature group in FG 33-3-2. 
[bookmark: _GoBack]Accordingly, based on the latest version of TS38.214 [7], one CR correcting the FDM-ed unicast PDSCH and GC-PDSCH not including both PDSCHs without PDCCH transmission is provided in [8]. The other CR regarding handling collision between the SPS PDSCH and the dynamic scheduled PDSCH for multicast is provided in [9]. 
Issue#5: PDCCH validation for SPS
On discussing SPS configurations for unicast SPS and multicast SPS for responding the LS in from RAN2 in [10], based on the relevant RAN1 agreements and with the conclusion that sps-ConfigIndex cannot be configured with the same value for unicast SPS and multicast SPS, based on the relevant RAN1 agreements above, the possible combinations are as follows: for a given UE within the group,
· UE is not provided unicast SPS configuration but provided one or more than one multicast SPS configurations;
· As long as one UE (e.g., R15 legacy supporting multicast SPS) within the group is provided one unicast SPS configuration and not supporting more than one unicast SPS configuration, UE should be configured with SPS-ConfigMulticastlist
· UE is provided one unicast SPS configuration and one multicast SPS configuration;
· UE should be configured with SPS-ConfigMulticastlist for multicast SPS though provides only one multicast SPS configuration. 
· UE is provided one unicast SPS configuration and more than one multicast SPS configurations;
· UE should be configured with SPS-ConfigMulticastlist for multicast SPS. 
· UE is provided more than one unicast SPS configuration and one multicast SPS configurations;
· UE should be configured with sps-ConfigList for unicast SPS and configured with SPS-ConfigMulticastlist for multicast SPS though provides only one multicast SPS configuration. 
· UE is provided more than one unicast SPS configuration and more than one multicast SPS configurations.
· UE should be configured with sps-ConfigList for unicast SPS and configured with SPS-ConfigMulticastlist for multicast SPS. 
Keeping the legacy procedures for unicast SPS unchanged as much as possible, it can be derived that for multicast SPS configuration provided by SPS-ConfigMulticastlist,
· When only includes one multicast SPS configuration, the SPS index indicated by sps-ConfigIndex can be other values than zero. 
· When includes multiple multicast SPS configurations, the sps-ConfigIndex can be non-consecutive values for the multiple configurations in the list. 
· For a given UE, the sps-ConfigIndex for unicast SPS and multicast SPS configurations can be non-consecutive values. 
With these conclusions, one issue impacted is PDCCH validation for multicast SPS. UE may be provided SPS-ConfigMulticastlist that includes only single multicast SPS with sps-ConfigIndex with value other than zero, for which the PDCCH validation for multicast SPS activation or release is not correct. 
The corresponding CR is provided in [11]. 
Issue#6: HARQ-ACK codebook for multicast SPS
Another issue impacted by the discussion on SPS configurations for unicast SPS and multicast SPS for responding the LS in [10] is HARQ-ACK codebook generation for multiple SPS configurations. 
The pseudo-code in clause 9.1.2 in TS 38.213 for HARQ-ACK codebook for multicast SPS configurations uses the variable s for the SPS PDSCH configuration index starting from zero and increases 1 per round for the serving cell. However, based on the following points derived from [10], the sps-ConfigIndex for SPS configurations across unicast and multicast may not start from zero and may not be consecutively numbered. 
	· When only includes one multicast SPS configuration, the SPS index indicated by sps-ConfigIndex can be other values than zero. 
· When includes multiple multicast SPS configurations, the sps-ConfigIndex can be non-consecutive values for the multiple configurations in the list. 
· For a given UE, the sps-ConfigIndex for unicast SPS and multicast SPS configurations can be non-consecutive values. 



The change to the current specification is so simple as to check whether the value of variable s with incremental one per round is a valid SPS configuration index across unicast and multicast. 
The corresponding CR is provided in [12].

Conclusions
The maintenance issues regarding disabling HARQ-ACK not applied to SPS multicast activation and deactivation, retransmission schemes for multicast, PUCCH resources for multiplexing HARQ-ACK for multicast according to different HARQ-ACK reporting modes, etc. are discussed in the paper. The corresponding CRs are separately provided. In addition, the proposals are summarized as follows:
Proposal 1: For the first multicast SPS PDSCH reception after activation of SPS PDSCHs and for DCI formats without scheduling a PDSCH reception, the HARQ-ACK feedback is always “enabled”. 
Proposal 2: The unicast/multicast SPS retransmission PDSCH is included in the dynamically scheduled PDSCHs for FDM-ed scheduling feature group in FG 33-3-2.
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