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In RAN1#106-e, various agreements were made on the codebook designs and configurations. In this contribution, we provide our considerations and views on some of the remaining issues that were not treated in RAN1#106-e due to the lack of time, including aspects on NACK-only transmission modes and feedback configuration for SPS. 

Discussion 
Transmission modes for NACK-only feedback
In RAN1#104b-e and RAN1#105-e, it was agreed to support NACK-only HARQ-ACK feedback for multicast and SPS multicast w/o PDCCH scheduling, respectively. Those agreements are copied below:
Agreement (RAN1#104bis-e):
Support NACK-only based HARQ-ACK feedback for RRC_CONNECTED UEs receiving multicast.
Agreement (RAN1#105-e):
Support NACK-only based HARQ-ACK feedback at least for multicast SPS PDSCH without PDCCH scheduling.
· FFS for SPS activation/deactivation. 

While the choice ACK/NACK or NACK-only feedback should be network implementation decisions, the gNB should be provided with sufficient feedback information to select the appropriate retransmission type between PTM mode 1 and PTP. Table 1 summarizes the applicable options from the combinations of current transmissions and retransmission between the two feedback types. 
Table 1. Types of feedback for each transmission mode
	Current Transmission mode
	Next 
Transmission mode (retransmission)
	ACK/NACK feedback supported for the current transmission
	NACK-only feedback supported for the current transmission

	PTM mode 1
	PTM mode 1
	Yes
	Yes

	PTM mode 1
	PTP
	Yes
	No

	PTP
	PTM mode 1
	Yes
	Yes

	PTP
	PTP
	Yes
	Yes



Note: The option of configuring No-feedback is always available, but not shown above, for scenarios such as in broadcast transmission or when sufficient repetition is used. 
Full flexibility i.e., switching from PTM mode 1 to PTP and vice versa, should be supported for both ACK/NACK and NACK-only feedback types. From the table above, if current transmission mode is PTM mode 1 and the transmission mode for the next transmission is PTM mode 1, all supported feedback types are allowed are: ACK/NACK and NACK-only. Similarly, when the current transmission is PTP, the next transmission using PTM mode 1 and PTP would work for both ACK/NACK and NACK-only feedback methods. 
For the case highlighted in red in the Table above of PTM mode 1 current transmission and NACK-only feedback configured, NACK feedback is received from UEs with group common GC-RNTI used to schedule the group-common PDCCH and PDSCH for the PTM mode 1. To efficiently support transition to PTP, where UE-specific PDCCH with CRC scrambled by UE-specific RNTI (e.g., C-RNTI) to schedule UE-specific PDSCH which is scrambled with the same UE-specific RNTI, the gNB would need to acquire the additional information on which UE(s) would need PTP retransmissions.
However, the gNB does not know how many, and more importantly, which UE transmitted a NACK when the previous transmission is performed with PTM mode 1. 
[bookmark: _Hlk71624158]Observation 1: Support of PTP retransmission is limited in practicality to PTP initial transmission when NACK-only feedback for RRC_CONNECTED UEs is configured. PTM mode 1 is the default retransmission mode for PTM mode 1 initial transmission.

Multiplexing feedback
There have been extensive discussions of PUCCH codebook design when ACK/NACK feedback is multiplexed with feedback for unicast transmissions, as recorded in the FL summary for RAN1#104b and RAN1#105e. This is further complicated when considering NACK-only feedback since the gNB does not have prior knowledge when or which UE will send NACK feedback. 
For example, if NACK-only feedback is multiplexed with feedback for unicast transmissions, the number of feedback bits is unknown to the gNB e.g., is the number of feedback bits n+0 or n+1, where n is number of feedback bits for unicast transmissions. The addition of “1” is for the case when a NACK is transmitted. There should be no ambiguity in the size of the UCI for the PUCCH codebook.
Hence to avoid the above complexity, in RAN1#105-e, we have agreed to signal the separate codebooks for multicast and unicast: 
Agreement:
The signaling for URLLC feature can be reused to configure separate codebooks for unicast and multicast, respectively, at least for the case of different priorities, at least for Type-2 HARQ codebook
· FFS: The case for the same priority.
· FFS: The case of Type-1 HARQ codebook
· FFS: Whether this applies to separate PUCCH transmissions only

Furthermore, in RAN1#106-e additional agreements have been made:
Agreement:
For UE supporting both unicast and multicast, the pdsch-HARQ-ACK-Codebook/pdsch-HARQ-ACK-CodebookList can be separately configured for multicast from that for unicast.

Agreement:
When UE is configured Type-1 codebooks for unicast and multicast with different priorities, respectively, the UE separately generates each of the Type-1 codebooks. 
· FFS: How UE is configured one codebook for unicast and one codebook for multicast and the two codebooks are of different priorities. 

In our view, similar complexities apply to both same and different priorities of multicast and unicast. Thus, we propose to extend the agreement on the use of separate codebooks to the case of same priority and Type-1 HARQ codebook. 
Proposal 1: The signalling for URLLC feature to configure the separate codebooks for unicast and multicast is applicable also when they are of the same priority and for Type-1 HARQ codebook.
Feedback of SPS 
In RAN1#104b, proposals were discussed regarding configuration for feedback when SPS is used [4]. The following proposal was discussed:
	Proposal 2.7.2
For support of HARQ-ACK feedback for SPS multicast, SPS-config configuration for SPS multicast at least includes
· the HARQ-ACK codebook index corresponding the HARQ-ACK codebook for SPS PDSCH and ACK for SPS PDSCH release. 
· PUCCH resources ID with actual PUCCH-Resource configured in PUCCH-Config. 
· FFS on SPS-PUCCH-AN-List



In RAN1#105-e, agreements related on the configuration for SPS multicast were made:
Agreement:
For support of ACK/NACK based HARQ-ACK feedback for SPS multicast, 
· the HARQ-ACK codebook index corresponding the HARQ-ACK codebook for SPS PDSCH is included in the configuration for SPS multicast. 
· UE determines a priority index from the HARQ-ACK codebook index
· UE can be optionally configured a separate SPS-PUCCH-AN-List for all SPS multicast configurations. Otherwise, a common SPS-PUCCH-AN-List applies to all SPS unicast and SPS multicast configurations.

Several companies, including [3], commented that the SPS-config configuration should be used as a baseline for SPS multicast. Based on the draft proposal in the RAN1#104b meeting:
Proposal 2: For support of HARQ-ACK feedback for SPS multicast, use SPS-config configuration as a baseline for SPS multicast.


PDSCH reliability
In RAN1#104, an agreement was reached for slot level repetition:
	For slot-level repetition for group-common PDSCH for RRC_CONNECTED UEs receiving multicast,
· (Config A) UE can be optionally configured with pdsch-AggregationFactor.
· (Config B) UE can be optionally configured with TDRA table with repetitionNumber as part of the TDRA table. 
· If UE is configured with Config B, UE does not expect to be configured with Config A for the same group-common PDSCH.



In addition to the above, the reliability of PDSCH is affected by the mcs-Table. In general, all UEs have three MCS tables (normal, qam256, and low-SE). The particular table used is captured in TS 38.214 and may be different for each UE, e.g., based on RNTI and configuration. In order to ensure each UE is using the same MCS table for MBS, the configuration for MBS should include which MCS table to use. Note that for re-transmissions, the same table is used.
Proposal 3: For the same service, all RRC_CONNECTED UEs receiving multicast are configured with the same mcs-Table. 
Another approach to improve the reliability of PDSCH is to enable full buffer rate matching (FBRM) on the downlink. Currently, limited buffer rate matching (LBRM) is used on the downlink while on the uplink, FBRM is used unless the LBRM feature is enabled. On the sidelink, FBRM is used for improving reliability of the PSSCH.
With LBRM, the rate matching buffer size is calculated dependent on the TB size (A) and hypothetical TB size, TBSLBRM, that is a function of the maximum number of layers, maximum modulation order etc. (Table 5.4.2.1-1 of TS 38.212). As a result, each UE may compute a different hypothetical TBS. An alternative approach is to use FBRM for small TBS. In addition to harmonizing rate matching buffer size calculations for each UE, FBRM improves decoded performance because using all the bits from the mother code provides additional gains in performance. These additional gains can reduce the number of retransmissions, especially for small sized TBs and/or reduce the number of resources needed. 
Proposal 4: For MBS, FBRM should be used to improve performance for small sized TBs.


Enabling HARQ-ACK feedback
Last but not least, an issue discussed since RAN1#104b was how to enable/disable HARQ-ACK feedback. In RAN1#105-e, a working assumption was established based on the use of RRC enabling in combination with DCI signaling. That working assumption was updated in RAN1#106-e:
Working assumption:
For enabling/disabling ACK/NACK-based HARQ-ACK feedback for RRC_CONNECTED UE receiving multicast via dynamic group-common PDSCH:
· RRC signaling configures the enabling/ disabling function of group-common DCI indicating the enabling /disabling ACK/NACK based HARQ-ACK feedback.
· If RRC signaling configures the function of group-common DCI based indication, group-common DCI indicates (explicitly or implicitly) whether ACK/NACK based HARQ-ACK feedback is enabled/disabled 
· Otherwise, enabling/disabling ACK/NACK based HARQ-ACK feedback is configured by RRC signaling. 
· FFS details on RRC signaling and group-common DCI indicating. 
· FFS whether/how this option is extended to apply to NACK-only based feedback and multiple G-RNTI cases. 
· FFS the relation to the HARQ-ACK codebook types and HARQ-ACK codebook construction.
· FFS the relation to the enabling/disabling ACK/NACK based HARQ-ACK feedback for retransmission.  
· FFS whether/how to allow UE not to react to the DCI signaling, but instead follow UE-specific RRC configuration for HARQ feedback.
· FFS whether/how to apply it to SPS group-common PDSCH.
· UE capability for enabling/ disabling function of group-common DCI indicating the enabling /disabling ACK/NACK based HARQ-ACK feedback is introduced and FFS details. 
· Note: It is up to network implementation to avoid any potential HARQ ACK mismatch between different UEs in the same multicast group

As discussed in Section 2.1 on the need to support full combinations of PTM mode 1 and PTP transmissions, both ACK/NACK and NACK-only should support the same functionalities in terms of enabling and disabling. Therefore, the use of RRC should be extended as well for NACK-only feedback.
The above working assumption also covers the case when RRC configuration of DCI is absent, as stated in the second sub-bullet:
· Otherwise, enabling/disabling ACK/NACK based HARQ-ACK feedback is configured by RRC signaling. 

Since RRC signaling is per UE, in the absence or prior to being RRC configured the functionality of DCI, there needs to be a default operation by the UE. A straightforward approach is to have the default that all UEs transmit ACK/NACK or NACK-only feedback in the absence of RRC signaling. With the reception of RRC signaling, the DCI functionality is to signal to those UEs whether to transmit or not the ACK/NACK or NACK-only feedback.
Proposal 5: Confirm the Working Assumption on the enabling/disabling ACK/NACK-based HARQ-ACK feedback for RRC_CONNECTED UE receiving multicast via dynamic group-common PDSCH including the following:
· This WA is extended to apply to NACK-only based feedback. 
· This WA is extended to the enabling/disabling ACK/NACK based HARQ-ACK feedback and NACK-only retransmission.  
· The default UE behavior, prior to receiving of RRC signaling, is that ether ACK/NACK or NACK-only feedback is enabled. 


[bookmark: _Ref129681832]Conclusion
In this contribution, we provided our views on the various reliability considerations for multicast support for CONNECTED UE and with the following proposals copied below.

Observation 1: Support of PTP retransmission is limited in practicality to PTP initial transmission when NACK-only feedback for RRC_CONNECTED UEs is configured. PTM mode 1 is the default retransmission mode for PTM mode 1 initial transmission.
Proposal 1: The signalling for URLLC feature to configure the separate codebooks for unicast and multicast is applicable also when they are of the same priority and for Type-1 HARQ codebook.
Proposal 2: For support of HARQ-ACK feedback for SPS multicast, use SPS-config configuration as a baseline for SPS multicast.
Proposal 3: For the same service, all RRC_CONNECTED UEs receiving multicast are configured with the same mcs-Table. 
Proposal 4: For MBS, FBRM should be used to improve performance for small sized TBs.
Proposal 5: Confirm the Working Assumption on the enabling/disabling ACK/NACK-based HARQ-ACK feedback for RRC_CONNECTED UE receiving multicast via dynamic group-common PDSCH including the following:
· This WA is extended to apply to NACK-only based feedback. 
· This WA is extended to the enabling/disabling ACK/NACK based HARQ-ACK feedback and NACK-only retransmission.  
· The default UE behavior, prior to receiving of RRC signaling, is that ether ACK/NACK or NACK-only feedback is enabled. 
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