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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In the MBS WID [1], the objective for reliability is:
· Specify RAN basic functions for broadcast/multicast for UEs in RRC_CONNECTED state [RAN1, RAN2, RAN3]:
…
· Specify required changes to improve reliability of Broadcast/Multicast service, e.g. by UL feedback. The level of reliability should be based on the requirements of the application/service provided. [RAN1, RAN2]
In RAN1#104b, many agreements were reached for PUCCH codebook design and NACK-only feedback. Observations and proposals for NACK-only feedback aspects and codebook for SPS are provided in this contribution.
Discussion for NACK-only feedback
In RAN1#104b, an agreement about supporting NACK-only HARQ-ACK feedback was reached [2].
	Support NACK-only based HARQ-ACK feedback for RRC_CONNECTED UEs receiving multicast.



Applicability to transmission modes
The details for signaling the HARQ-ACK feedback remain. One of the first considerations is applicability of NACK-only feedback: specifically which transmission modes is the feedback appropriate.
The decision whether to retransmit by the gNB is based on the type of HARQ-ACK feedback received from one or more UEs. The following table summarizes our view on the retransmission mode corresponding to the feedback types enabled for a current transmission mode. For example, if current transmission mode is PTM mode 1, and the transmission mode for the next transmission is PTM mode, what type of feedback is allowed: none, ACK/NACK, NACK-only. The rows with “None” for the next transmission mode indicates the HARQ process completed for that TB.
Table 1. Types of feedback for each transmission mode
	Transmission mode
	Next transmission mode (retransmission)
	No HARQ-ACK feedback supported for that transmission
	ACK/NACK feedback supported for that transmission
	NACK-only feedback supported for that transmission

	PTM mode 1
	PTM mode 1
	Yes
	Yes
	Yes

	PTM mode 1
	PTP
	No
	Yes
	No

	PTM mode 1
	None
	Yes
	Yes
	Yes

	
	
	
	
	

	PTP
	PTP
	No
	Yes
	No

	PTP
	None
	No
	Yes
	No



For PTM mode 1, the gNB can schedule no feedback (due to broadcast, using repetition, or configuring a UE not to feedback); NACK-only feedback; or ACK/NACK feedback. Besides ending the HARQ process, some possible outcomes for a HARQ process using PTM mode 1 are:
· In the case of no feedback supported for that transmission, the gNB can continue with a retransmission using PTM mode 1. It is unlikely that a retransmission using PTP based on no feedback would occur and hence it should not be supported.
· In the case of ACK/NACK feedback, the gNB can continue with a retransmission using PTM mode 1 and/or start a retransmission using PTP. 
· In the case of NACK-only feedback, the gNB can continue with a retransmission using PTM mode 1. It is unlikely that the gNB would start a PTP retransmission because the gNB does not know how many, and more importantly, which UE transmitted a NACK. Hence, it should not be supported.
For PTP retransmissions, the gNB should only support ACK/NACK feedback mode. There is no use case for the support of the option of no feedback or NACK-only feedback. Hence, the gNB shall continue the retransmission using PTP or end the process.
To summarize, the NACK-only feedback should only be applicable for PTM mode 1 and when the next retransmission is PTM mode 1. If one or more UEs send a NACK, then PTM mode 1 is used for the retransmission but with ACK/NACK feedback enabled to identify which UEs unsuccessfully received the TB.
This is the same spirit as a proposal in RAN1#104. There was discussion about which type of feedback is supported for retransmission schemes.
	Proposal: (retransmission schemes)
For retransmission schemes for RRC_CONNECTED UE receiving multicast, 
· for ACK/NACK based HARQ-ACK feedback if supported, support PTP and PTM scheme 1;
· for NACK-only based HARQ-ACK feedback if supported, support PTM scheme 1. 



[bookmark: _Hlk71624158]Proposal 1: NACK-only feedback should be used when PTM mode 1 is the current transmission mode and a retransmission is scheduled using PTM mode 1. 
Another observation is some signaling may be needed to indicate when NACK-only feedback or when ACK/NACK feedback is expected from the UE.
Multiplexing feedback
The discussions of PUCCH codebook design when ACK/NACK feedback is multiplexed with feedback for unicast transmissions are quite complicated, as seen in FL summary for RAN1#104b. The discussions may be more complicated when considering NACK-only feedback. This is because the gNB do not know whether the 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: 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.
One basic observation is:
Observation 1: NACK-only HARQ-ACK feedback should not be multiplexed with feedback for unicast transmissions.

Discussion for feedback of SPS 
In RAN1#104b, proposals were discussed regarding configuration for feedback when SPS is used [6]. The last version discussed was:
	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



Several companies commented that the SPS-config configuration should be used as a baseline for SPS multicast. This is in-line with proposals in [5].
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.
The next steps are to decide about the parameter n1PUCCH-AN and harq-CodebookID. Some companies prefer to use SPS-PUCCH-AN-List. That can be decided also.
SPS processes are desirable for NACK-only feedback. NACK-only feedback is generated when the PDSCH was unsuccessfully received at the UE. However, at the gNB, the absence of a NACK feedback can mean either that the PDSCH was not received correctly or that a UE did not receive the PDCCH correctly. SPS processes remove that ambiguity at the gNB caused by a failure to receive PDCCH at the UE. Consequently, the SPS configuration should support configurations for NACK-only feedback.
Observation 2: NACK-only HARQ-ACK feedback is well suited for SPS multicast.
[bookmark: _Hlk71102196]Another aspect of the SPS configuration for MBS is the support of pdsch-AggregationFactor and mcs-Table. Both parameters can be used to improve the reliability of PDSCH transmissions. One observation is that the feature pdsch-RepetitionMultiSlots, which leads to pdsch-AggregationFactor, is an optional UE feature. Similarly, use of the low SE table is enabled by the optional feature dl-64QAM-MCS-TableAlt. One question is whether UEs supporting MBS should also support the feature pdsch-RepetitionMultiSlots in order for pdsch-AggregationFactor to be used by all UEs. This question is part of a larger question: how to schedule MBS for many UEs having different features. This will have to addressed during feature discussions.
Proposal 3: Which optional features should be supported for SPS for multicast can be discussed as part of UE features. 
Further discussion
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.



Another approach to improve the reliability of PDSCH is providing options for which MCS tables are used. In general, all UEs have three MCS tables (normal, qam256, and low-SE). The particular table used is captured in 38.214 [4] 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 4: 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.
It is noted that decoder performance improves as the transport block size (TBS) increases. The mother code rate is 1/5 (base graph 2) when [3]
· the TB size A  292,
· A  3824 and R  0.67, or
· R  0.25.
With LBRM, the rate matching buffer size is the smaller of 5A and 3TBSLBRM/2 (floor operations removed). TBSLBRM is a hypothetical TBS based on the maximum number of layers, maximum modulation order of the MCS table used, maximum coding rate of 948/1024, and 156×RB value (from Table 5.4.2.1-1 of 38.212 [3]). One of the issues is the maxima may vary for each UE; implying that each UE may compute a different hypothetical TBS unless there are agreements about the maxima for all UEs. 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 5: For MBS, FBRM should be used to improve performance for small sized TBs.
Enabling HARQ-ACK feedback
One question from the RAN1#104b meeting was how to enable/disable HARQ-ACK feedback. The intent of the proposal is generally understood but additional clarification was needed.
	Proposal 2.6.1 (closed)
For supporting enabling/disabling HARQ-ACK feedback for multicast, 
· UE-specific RRC signalling configures the function. 
· If the function is NOT configured, HARQ-ACK feedback is ON/OFF (FSS)
· If the function is configured, down-select between
· Alt1: HARQ-ACK feedback is OFF
· Alt2: UE checks the indication in (for down-selection). 
· Alt2-1: DCI
· Alt2-2: MAC-CE
· FFS: UE-specific RRC signalling details.



[bookmark: _Hlk71628477]To start, the default feedback operation in the absence of the enable/disable feedback configuration should be provided. However, this default operation should also consider whether a UE is configured to perform NACK-only feedback or ACK/NACK feedback. While ACK/NACK could be viewed as a default without issue, there may be some concerns on ensuring the proper use conditions for NACK-only to make it a default.
Observation 3: The type of feedback a UE is configured with should considered when enabling HARQ-ACK feedback.

[bookmark: _Ref129681832]Conclusion
In this contribution, we propose
Proposal 1: NACK-only feedback should be used when PTM mode 1 is the current transmission mode and a retransmission is scheduled using PTM mode 1. 
Observation 1: NACK-only HARQ-ACK feedback should not be multiplexed with feedback for unicast transmissions.
Proposal 2: For support of HARQ-ACK feedback for SPS multicast, use SPS-config configuration as a baseline for SPS multicast.
Observation 2: NACK-only HARQ-ACK feedback is well suited for SPS multicast.
Proposal 3: Which optional features should be supported for SPS for multicast can be discussed as part of UE features. 
Proposal 4: For the same service, all RRC_CONNECTED UEs receiving multicast are configured with the same MCS table.
Proposal 5: For MBS, FBRM should be used to improve performance for small sized TBs.
Observation 3: The type of feedback a UE is configured with should considered when enabling HARQ-ACK feedback.
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Appendix
Agreement for PUCCH from RAN1#104

	For the cases of HARQ-ACK feedback (at least for ACK/NACK based feedback) is available for multicast and unicast for a given UE receiving multicast, for determining the PUCCH resource,
· Support multiplexing for the same priority and prioritizing for different priorities at least when the corresponding PUCCH resources overlap in time in a slot. 
· FFS whether it is subject to UE capability.
· FFS the case of non-overlapping PUCCHs resources for HARQ-ACK in the same slot.
· FFS whether sub-slot based PUCCH transmission for HARQ-ACK is supported.
· FFS the case of HARQ-ACK feedback for multicast and other UCI for unicast. 



