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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
This summary summarizes the contributions submitted in AI 8.12.2 to discuss how to improve the reliability for MBS for RRC_CONNECTED UEs. 
This summary includes three high level aspects to address HARQ-ACK feedback, PDSCH repetition, and CSI feedback as in the last meeting. In each of high level issue, a sub-level list of issues are organized. 
[bookmark: _Ref129681832]For each of listed issue, proposal(s) is/are suggested from moderator’s perspective according to the submitted individual company’s proposal(s). Companies are welcome to make comments in the table “collect views”. The proposals may be updated in subsequent rounds according to the comments collected in previous rounds so as to strive to converge to consensus. Note that moderator may only tend to collect concerns when time is right for some specific rounds, for which companies are expected to only provide concerns in the table “collect concerns” if any instead of inputting views again and again to alleviate efforts. 
People can use “navigation pane” to quickly overview the organization of the summary and proposal(s) for each issue for discussion and provide views/comments into the table of “collect view”/“collect concerns” under each proposal. 

HARQ-ACK feedback
[bookmark: _Ref62477237][bookmark: _Ref54978810]HARQ-ACK feedback options
Background
ACK/NACK based HARQ-ACK feedback has been agreed in the last meeting. This meeting will discuss whether to support NACK-only based feedback and how to indicate the HARQ-ACK feedback option if NACK-only based option is supported as well. 
Submitted Proposals
(OPPO) Proposal 7: 
· NACK-only based HARQ feedback mechanism should be supported for RRC_CONNECTED UEs receiving MBS.
(Spreadtrum) Proposal 7: 
· For RRC_CONNECTED UEs receiving multicast, support NACK-only based HARQ-ACK feedback.
 (ZTE) Proposal 8: 
· If NACK-only feedback is supported, consider the following method to determine the feedback mechanism for the UE between ACK/NACK feedback and NACK-only feedback:
· PUCCH resource sets containing ACK/NACK PUCCH resources and NACK-only PUCCH resources is configured for multicast for the UE.
· PRI in DCI is used to indicate the feedback mechanism and PUCCH resources from the PUCCH resource set.
 (vivo) Proposal 3: 
· For RRC_CONNECTED UE, 
-	NACK only feedback is support for multicast (for both PTM scheme 1 & 2).
-	ACK/NACK feedback is not supported for multicast with PTM transmission scheme 1.
-	ACK/NACK feedback is supported for multicast with PTM transmission scheme 2.
(CATT) Proposal 6: 
· NACK-only based HARQ-ACK feedback is supported in MBS, and shared PUCCH resource is supported from the perspective of UEs in the same group.
(Nokia) Proposal 4: 
· NACK-only feedback on group-common PUCCH resources is the default HARQ-ACK feedback mechanism for MBS.
(Nokia) Proposal 8: 
· From the UE perspective, the UE should be configured to use a single mechanism per MBS service. 
(Nokia) Proposal 9: 
· RAN1 further studies whether all UEs receiving an MBS service use the same HARQ-ACK feedback mechanism or whether different UEs can be configured with different mechanisms.
(Nokia) Proposal 10: 
· RAN1 further studies the means for semi-static / dynamic (re-)configuration of ACK / NACK and NACK-only based HARQ-ACK feedback mechanisms.
[bookmark: _Ref61292209](MediaTek) Proposal 1: 
· support NACK-only based HARQ-ACK feedback mode for Rel-17 NR multicast service.
[bookmark: _Ref61292212](MediaTek) Proposal 3: 
· Network can flexibly choose the HARQ-ACK mode and the HARQ feedback mode can be indicated dynamically by DCI field, e.g., “HARQ feedback option” field.
(FUTUREWEI) Proposal 5:
· Support NACK-only feedback a working assumption and confirm later after the design is set
(ETRI) Proposal 1:
· Support NACK-only based HARQ-ACK feedback scheme for MBS.
(ETRI) Proposal 2:
· Support at least RRC configuration for UEs to decide which HARQ-ACK feedback scheme to use.
(Potevio) Proposal 1:
· For RRC_CONNECTED UEs, NACK-only based HARQ-ACK feedback should be supported.
(Potevio) Proposal 2:
· gNB could configure either one of HARQ-ACK feedback based on different scenarios/conditions/requirements.
(CMCC) Proposal 14: 
· NACK-only based HARQ-ACK feedback can be supported, especially for the case with a large amount of UEs in a multicast group.
(Intel) Proposal 1: 
· For RRC_CONNECTED UEs receiving multicast
· Both ACK/NACK based and NACK-only HARQ feedback is supported. 
· ACK/NACK based feedback is used for delivery mode with PTP or PTM Scheme 2
· NACK only feedback is used for delivery modes 1 and 2 with PTM Scheme 1
· UEs within a group receiving multicast transmission can be configured with different HARQ feedback modes.
· (Intel) Proposal 4: 
· For RRC_CONNECTED UEs, NR MBS supports both ACK/NACK based and NACK-only HARQ feedback. The configuration of ACK/NACK and NACK only mode can be done using the following options 
· Option 1: Semi-static RRC configuration of ACK/NACK or NACK only mode
· Option 2: The configured PUCCH resource can contain additional indication that the UE is expected to transmit only NACK on the configured resource
· Option 3: If UE has no dedicated PUCCH resource configuration, the UE uses cell-specific PUCCH resource and is expected to only transmit NACK
· (Qualcomm) Proposal 1: 
· For RRC_CONNECTED UEs, support NACK-only for multicast HARQ feedback.
· Support selection of UE-specific ACK/NACK and NACK-only for different UEs in the same group
· (Samsung) Proposal 6: 
· NACK-only HARQ-ACK feedback is not supported.
· (LGE) Proposal 1: 
· NACK only based HARQ-ACK is supported at least for PTM scheme 1.
· (Chengdu TD Tech) Proposal 1: 
· Support the following HARQ-ACK feedback methods for each SPS MRB of the PTM bearer for an MBS session:
· ACK/NACK based HARQ-ACK feedback with the different SPS PUCCH resources for the different RRC_CONNECTE UEs.
· FFS: details for the ACK/NACK based HARQ-ACK feedback: SPS PUCCH resource allocation, timing between SPS PDSCH and SPS PUCCH, other aspects.
· NACK-ONLY based HARQ-ACK feedback with the different RRC_CONNECTED UEs sharing the same SPS PUCCH resources
· FFS: details for the NACK-ONLY based HARQ-ACK feedback: SPS PUCCH resource allocation, timing between SPS PDSCH and SPS PUCCH, other aspects.
· FFS: whether or not other information can be fed back with the NACK-ONLY information.
·  (Convida) Proposal 1: 
· NACK-only based HARQ-ACK feedback should be supported for MBS.
· (Lenovo) Proposal 1: 
· NACK-only based HARQ-ACK feedback is supported for UEs receiving multicast. 
· (Lenovo) Proposal 6: 
· Either Option 1 (NACK-only based HARQ-ACK feedback) or Option 2 (ACK/NACK-based feedback) is adopted based on gNB’s scheduling policy and PUCCH resource capacity.
· (NTT DOCOMO) Proposal 1: 
· Proposal 1: Support NACK-only based HARQ-ACK feedback for multicast.
· [bookmark: _Toc68642424](Ericsson) Proposal 2: 
· NACK-only based HARQ-ACK feedback for multicast shall be supported.
· (Ericsson) Proposal 3: 
· We propose that the UEs can be dynamically reconfigured between NACK-only mode, ACK/NACK mode, and no feedback mode.

[bookmark: _Ref69392221]Round-2
Please continue the discussion in this round based on the GTW comments/responses. 
Note: no need to take it one-comment-one-round. If you have further responses to some others’ comments, please continue using this table for more comments/debates. 

FL’s Proposal:
[bookmark: OLE_LINK4][bookmark: OLE_LINK6]Proposal 2.1.1 (closed)
Support NACK-only based HARQ-ACK feedback for RRC_CONNECTED UEs receiving multicast. 
· FFS details. 


Collect views:
	Company
	Comments 

	Nokia, NSB
	Support – additional arguments provided below.

Completely disable HARQ FB to limit overhead of UE-specific ACK/NACK PUCCHs 
While we agree that this might be an option for some UEs in extremely good situations, we believe that this should be used with care since instantaneously bad channel states can still occur due to fast fading. Here, NACK-only feedback provides an efficient means for UEs experiencing only low error rates, to occasionally request retransmissions. 

Problems with non-Rayleigh fading channels?  
For TDL-D, our simulations results do not show an error floor above 10-4 even for 2 UEs. For more than 2 UEs, if K-factors are different or if there is a mixture of LOS and NLOS UEs, performance improves quickly.  
Note that these results for TDL-D with 4 Rx antennas and FH are based on the unfavorable assumption that all UEs are seen from the gNB with exactly the same AoA=0. If AoAs are different between UEs, an unfavorable superposition of signals from 2 UEs on one antenna element will typically not coincide with an unfavorable superposition on the other antenna element, e.g. λ/2 away if 2 x-pol antennas are used, such that the problem of completely destructive superposition does not present itself here. 
[image: ] 
Stadium scenario?  
During the GTW session on the 15th April, the point was raised that in a stadium scenario, multiple UEs might actually be seen with the same AoA. That is true, and we even concede that error events for UEs in close mutual proximity are likely to also be correlated.  However, we would like to point out that: 
(1) a stadium scenario typically comprises far more than 2 UEs (possibly hundreds), which to us is definitely a case, where use of ACK/NACK feedback on UE-specific resources is problematic and where this potential “LOS” channel is no longer an issue for NACK-only feedback 
(2) even among UEs with very similar AoA, we would expect the scenario of exactly 2 UEs sending NACK, i.e., not 1, not more than 2 and not a single UE from any other AoA or with NLOS channel, to be extremely rare. 

PDCCH DTX to ACK error?  
It is true, that if a UE misses a PDCCH, the gNB would not realize this with NACK-only feedback. However, PDCCH is designed such that it can be made very robust such that PDCCH reliability can match the reliability requirement of e.g., 10-4 for data, which should be easily affordable if a group-common PDCCH is used.  
Also, for SPS after the initial activation, there are during normal operation no PDCCHs, meaning that the potential loss of PDCCH, is no longer an issue with NACK-only feedback. 

 
 

	
	




[bookmark: _Ref69223463][bookmark: OLE_LINK1][bookmark: OLE_LINK2]On how to organize the discussion of 2.3/2.4/2.5
[bookmark: _Ref69224463]Round-1
Background
Given the situation of Round-1 discussion and before continuing the detailed proposals discussion, it would be good for us to strive for the same understanding on how to organize the discussion of sections 2.3/2.4/2.5
It is mainly regarding the PUCCH resources discussion in section 2.3, codebook generation discussion in section 2.4, and multiplexing/prioritizing discussion in section 2.5 since the issues could be twisted together. 
The idea as moderator to organize the proposals is as follows:
· Whether network needs to configure UE to generate separate HARQ-ACK codebooks for unicast and multicast, respectively.
· Since we have agreed a separate PUCCH-config for multicast can be configured and in URLLC feature two separate PUCCH-config is corresponding two codebooks to be transmitted. 
· Discuss it in section Error! Reference source not found., two alternatives for down-selection later if controversial for now. 
· Whether network needs to configure UE to generate a joint HARQ-ACK codebooks for unicast and multicast.
· For Type-2: No way
· We have agreed to concatenate the two sub-codebooks since DAI cannot be jointly counted between unicast and multicast. 
· For Type-1: No need
· We have agreed to construct Type-1 codebook to base on the union TDRA set which solves the cases of TDM-ed unicast and multicast. How Type-1 codebook is constructed for the FDM-ed case is to be solved. 
· This is also essentially how the Type-1 codebook is constructed for multiplexing the codebook in the same PUCCH resource. 
· Section 2.4 focuses on the Type-1 and Type-2 codebook construction itself. 
· So far the discussion is mainly about the construction for both unicast and multicast
· The reason is that for multicast itself, Type-1/Type2 codebook construction has no difference for that for unicast. The cases of more than one multicast could be FFS separately. 
· The construction for both unicast and multicast is also essentially how the codebook is generated for multiplexing.
· So the details for multiplexing the codebook is discussed in Section 2.4, need to look at Type-1 and Type-2 separately. 
· Section 2.5 focuses only on the high level rule, i.e., multiplexing for the same priority and prioritizing for different priorities.
· Sub-slot based PUCCH, two non-overlapping slot based PUCCH, and the PUCCH resources used for actual transmission could be discussed in this section. 
· The priority for multicast is discussed in this section as well, since it originates from the rule discussion of multiplexing/ prioritizing. 


Based on the above thinking, FL suggests the following proposal on how to organize the discussion of 2.3/2.4/2.5. Note: This proposal aims to align the understanding on how to proceed the discussion, not intend to have this proposal to be captured in chair notes as agreement. 
Any constructive comments/suggestion are welcome to help us move forward!

FL’s Proposal:
Proposal 2.2.1(closed)
· Whether network needs to configure UE to generate separate HARQ-ACK codebooks for unicast and multicast, respectively.
· Discuss it in section Error! Reference source not found., two alternatives for down-selection later if controversial for now. 
· Whether network needs to configure UE to generate a joint HARQ-ACK codebooks for unicast and multicast.
· No need.
· Section 2.5 focuses only on the high level rule, i.e., multiplexing for the same priority and prioritizing for different priorities.
· Sub-slot based PUCCH, two non-overlapping slot based PUCCH, and the PUCCH resources used for actual transmission could be discussed in this section. 
· The priority for multicast is discussed in this section as well, since it originates from the rule discussion of multiplexing/ prioritizing. 
· Section 2.4 focuses on the Type-1 and Type-2 codebook construction itself. 
· The details for multiplexing the codebook is to be discussed in Section 2.4, need to look at Type-1 and Type-2 separately. 


Collect views:
	Company
	Comments 

	ZTE
	Regarding the first bullet, we would suggest to discuss it directly under Section 2.4.3 and 2.4.4 instead of making a general proposal for both type1 and type2 codebook. Detailed comments please see our response below.

	Lenovo, Motorola Mobility
	Regarding the first bullet and second bullet, we don’t know why UE generates separate HARQ-ACK codebook and joint HARQ-ACK codebook for unicast and multicast is dependent on gNB configuration. 
Regarding the third bullet, current URLLC is discussing multiplexing low priority HARQ-ACK feedback and high priority HARQ-ACK feedback in same PUCCH. I wonder whether it is considered for MBS HARQ-ACK feedback.

	CATT
	We are not OK with the first bullet.  The proposal in section 2.4.2 confuses us, since the prerequisite is not clear. We share the same views with ZTE that the Type-1 and Type-2 codebooks construction can be discussed separately in advance as shown in section 2.4.3 and 2.4.4.  After this, we can come back to see whether a general proposal can be achieved for both Type-1 and Type-2 codebooks.

	Spreadtrum
	For the first bullet, we share the similar view as ZTE.

	MTK
	We are generally OK with the FL proposal except for the first bullet.  For the first bullet, ZTE’s suggestion is fine for us.




[bookmark: _Ref69310293]Round-2
FL’s Comments
FL suggests focusing on this proposal firstly to get the common understanding of what a specific proposal in the corresponding section is actually talking about, especially for the cases the same term (e.g., separate codebook, multiplexing, etc) is used but may be interpreted differently. 

FL’s Proposal:
[bookmark: OLE_LINK18][bookmark: OLE_LINK19]Proposal 2.2.2 (assumption for organizing other proposals)
· Whether network needs to configure UE to generate separate HARQ-ACK codebooks for unicast and multicast, respectively.
· Note: This is similar to URLLC UE is configured with a codebook list corresponding two PUCCH-config for separate HARQ-ACK codebook. In this case, network may guarantee the PUCCH resources for the two codebooks are not overlapping, so that the two codebooks can be transmitted to network. 
· Discuss it in section Error! Reference source not found., two alternatives for down-selection later if controversial for now. 
· Whether network needs to configure UE to generate a joint HARQ-ACK codebooks for unicast and multicast.
· No need.
· Note:
· For Type-2: No way
· We have agreed to concatenate the two sub-codebooks since DAI cannot be jointly counted between unicast and multicast. 
· For Type-1: No need
· We have agreed to construct Type-1 codebook to base on the union TDRA set which solves the cases of TDM-ed unicast and multicast. How Type-1 codebook is constructed for the FDM-ed case is to be solved. 
· This is also essentially how the Type-1 codebook is constructed for multiplexing the codebook in the same PUCCH resource. 
· Section 2.5 focuses only on the high level rule, i.e., multiplexing for the same priority and prioritizing for different priorities.
· Sub-slot based PUCCH, two non-overlapping slot based PUCCH, and the PUCCH resources used for actual transmission could be discussed in this section. 
· The priority for multicast is discussed in this section as well, since it originates from the rule discussion of multiplexing/ prioritizing. 
· The detail how to multiplex the codebook to be transmitted in the same PUCCH resources is essentially how Type-1/-2 codebook is generated, will be discussed in section 2.4.2 and Error! Reference source not found.
· Section 2.4 focuses on the Type-1 and Type-2 codebook construction itself. 
· Since no need to have a joint codebook, the details of Type-1/-2 codebook generation in section 2.4.2 and Error! Reference source not found. is essentially how the codebook is constructed for multiplexing all the HARQ-ACK bits to be transmitted in the same PUCCH resources (at least for the same priority case). 


Collect views:
	Company
	Comments 

	vivo
	We are not ok with the first bullet and second bullet. We think it has some relation with the discussion on multiplexing/prioritization between unicast and multicast. In UE always multiplexes HARQ-ACK for unicast and multicast in a slot in a PUCCH, UE can jointly construct type 1 codebook and separately construct type 2 codebook. If UE multiplexes HARQ-ACK for unicast and multicast in a slot when their PUCCHs are overlapped (if not overlapped, separately transmits), UE separately constructs type 1 codebook and separately construct type 2 codebook.
This is different from URLLC, where URLLC HARQ-ACK and eMBB HARQ-ACK are never multiplexed, but for unicast HARQ-ACK and multicast HARQ-ACK, they can be multiplexed in some cases.

	Ericsson
	We think the questions Proposal 2.2.2 raises are very complex and with companies having different understanding about the terminology and definitions. We therefore think more discussion in the email thread is needed before we can converge enough for real progress – the time in the on-line tomorrow might be too limited and it may be better to use the on-line time to reach agreement on other, more limited, topics, where there is better common understanding. At least, the scope of current Proposal 2.2.2 is too wide for discussion and agreement already tomorrow, except possibly for some limited definition, see below.
Regarding terminology and definitions, we think there may be a mismatch regarding the relationship between multiplexing, concatenation, and joint codebook. In our view, multiplexing and concatenation are means to achieve a joint codebook. A joint codebook is simply an organized way of sending multiple HARQ feedback and there are different ways to achieve this. So, although separate codebooks for unicast and multicast can be constructed, when these are combined a joint codebook is created, even if a simple concatenation is used.
We think it could help the discussion if companies could have the same understanding on this terminology. Possibly, we could have agreement about the use of the terminology for joint codebooks, e.g. that a joint codebook may e.g. be formed by the concatenation of separately constructed codebooks. This can also be seen as multiplexing.
One way is to construct codebooks for unicast and multicast separately and then combine them to form a joint codebook. The way the separate codebooks are combined could be defined by the specification and does not need to be configured.
There also needs to be rules for when codebooks for unicast and multicast are separately transmitted and when a joint codebook is to be constructed. One possible implicit way is the following:
If a separate PUCCH-ConfigurationList for multicast is configured, then the UE constructs and transmits separate codebooks and otherwise a joint codebook is used, except for one case: if the multicast and unicast PUCCH configuration together with the respective PRI and K1 value in DCI and with multicast and unicast dl-DataToUL-ACK point to the same PUCCH resource. In this case a joint codebook is used, or priorization rules define which codebook to transmit. 

	LG
	We are not sure if we have common understanding with FL. In our view, connected UEs receiving multicast can encounter three cases for which separate (sub-)codebooks and joint codebook can be defined as follows:
· Case 1: separate codebooks for multi-cast and unicast are transmitted on separate PUCCH resources.
· This case comes up with separate codebooks but not a joint codebook for multicast and unicast.
· Case 2: separate sub-codebooks for multi-cast and unicast are transmitted on a same PUCCH resource.
· This case comes up with separate sub-codebooks of a joint codebook for multicast and unicast.
· Case 3: A joint codebook for multi-cast and unicast is transmitted on a same PUCCH resource.
· This case comes up with a single codebook for multicast and unicast.
Regarding Type-1/2 codebooks, support of Type 1 codebook seems feasible in all cases, even though we are not sure if Type 1 codebook should be supported in all cases. Meanwhile, support of Type 2 codebook seems feasible in Case 1 and 2, not in Case 3.

	Lenovo, Motorola Mobility
	We don’t fully understand the intention of joint codebook here for MBS. In our view, what we are talking about is how to determine the HARQ-ACK codebook for multicast or unicast: separate HARQ-ACK codebooks on separate PUCCHs, separate sub-codebooks on same PUCCH. So basically, there are two cases which can be defined.



FL’s comments:
I don’t plan to proceed this discussion because it only aimed to serve clarification. At least it clarified my intention of the proposals, although people continue using the same term to mean different things and may not agree with my plan either. Let’s focus on the detailed proposals then. 


[bookmark: _Ref69223379]HARQ-ACK feedback resource 
Background
Last meeting has agreed a separate PUCCH-Config for multicast can be optionally configured and otherwise, PUCCH-Config for unicast applies. This meeting, for multicast transmission, the HARQ-ACK feedback resources discussion will focus on how to determine the UE specific PUCCH resource for HARQ-ACK feedback for a given multicast transmission, including resources sets, resources, k1 value, etc. 
Submitted Proposals
The following proposals are applied to either HARQ-ACK option per FL’s guess of the intention of the proposal.  
(ZTE) Proposal 1: 
· Regarding configuration of PUCCH resource sets for multicast (reuse unicast mechanism):
· A maximum of 4 PUCCH resource sets are configured for multicast for the UE.
· NACK-only and ACK/NACK feedback share the same PUCCH resource set.
· UCI size limit for each PUCCH resource sets is configured, except for the PUCCH resource set 0, which only supports no more than 2 UCI bits.
 (CATT) Proposal 17: 
· For HARQ-ACK feedback mechanism in MBS, the following methods can be considered:
· Group-common PDCCH to indicate PUCCH resource for common PDSCH.
· Group-common PDCCH to indicate UE-specific periodic PUCCH resources.
(NTT DOCOMO) Proposal 5: 
· A list of k1 values for DCI format 1_0 for multicast is configurable if DCI format 1_0 is used for scheduling group-common PDSCH of PTM scheme 1.
(Ericsson) Proposal 1: 
· [bookmark: _Toc68642423]An RRC-configured additional time offset can be individually configured to each UE receiving multicast traffic. The HARQ ACK feedback delay is then the addition of the PDSCH-to-HARQ_feedback timing indicator in DCI plus this extra time offset.

[bookmark: _Ref62477270]For NACK-only based feedback
Submitted Proposals
(OPPO) Proposal 8: 
· Both PUCCH format 0 and PUCCH format 1 should be supported for NACK-only based HARQ feedback mechanism.
(OPPO) Proposal 9: 
· In NACK-only based HARQ feedback scheme, only 1 HARQ-ACK bit is transmitted in one PUCCH.
 (Spreadtrum) Proposal 8: 
· At least PUCCH format 0 is supported for NACK-only based HARQ-ACK feedback.
 (ZTE) Proposal 5: 
· If NACK-only feedback is supported for MBS
· PUCCH resource configuration per MBS service is supported.
· PUCCH format 0 is supported for NACK-only feedback.
· PUCCH format 0 supports PUCCH repetition.
·  (CATT) Proposal 7: 
· PUCCH format 0/1 can be configured by gNB to be used for NACK-only feedback for MBS.
· (CATT) Proposal 8: 
· NACK-only based feedback framework is designed based on Rel-15 NR ACK/NACK-based feedback mechanism by considering PRI, DCI CCE index and k1 to indicate PUCCH resources.
· (CATT) Proposal 9: 
· When configuring PUCCH resource set for NACK-only feedback in MBS, 8-32 PUCCH resources can be supported based on configuration.
· (CATT) Proposal 10: 
· The PUCCH resource set can be used by all the MBS services using NACK-only based feedback mechanism.
· (Nokia) Proposal 5: 
· Both PUCCH format 0 and 1 are supported for NACK-only based HARQ-ACK feedback. 
· (Nokia) Proposal 6: 
· For RRC_CONNECTED UEs receiving multicast, for NACK-only based HARQ-ACK feedback if supported for group-common PDCCH scheduling, PUCCH-config for HARQ-ACK feedback from per UE perspective is separate from PUCCH-config for HARQ-ACK feedback for unicast and from optional PUCCH-config for ACK / NACK feedback for MBS.
· (Nokia) Proposal 7: 
· Proposal 7: For a proper operation of NACK-only HARQ-ACK feedback for MBS, a UE can be optionally configured to support more than one PUCCH carrying HARQ-ACK feedback per slot with a method that is to be down-selected from the list below:
· Option 1:  Allowing multiple HARQ-ACK feedback carrying PUCCHs per slot.
· Option 2:  Based on Rel-16 sub-slot PUCCH mechanism.
· Option 3:  DL-heavy slot configuration.
· (MediaTek) Proposal 2: 
· [bookmark: _Ref61292210]From UEs within the group perspective, the PUCCH resource configuration is shared for NACK-only based HARQ-ACK feedback.
· (Intel) Proposal 6: 
· For NACK-only feedback, PUCCH formats 0 and 1 are supported.
· (LGE) Proposal 2: 
· NACK only based HARQ-ACK is transmitted on group common PUCCH resource.
· (LGE) Proposal 3: 
· Different group common PUCCH resources can be related to different RS e.g. in terms of PRB and/or sequence for PUCCH.
· (LGE) Proposal 4: 
· Support PUCCH format 0 and 1 for NACK based HARQ feedback.
· (LGE) Proposal 7: 
· Group common PUCCH resources are configured on UL CFR configured within UE’s active UL BWP.
· (Lenovo) Proposal 2: 
· Both PUCCH format 0 and PUCCH format 1 can be configured for UEs receiving multicast to transmit NACK-only based HARQ-ACK feedback.
· (Lenovo) Proposal 3: 
· For NACK-only based HARQ-ACK feedback, a common PUCCH resource for transmitting the NACK is configured to the group of UEs receiving multicast.
· (NTT DOCOMO) Proposal 2: 
· Support PUCCH format 0 and 1 for NACK-only based HARQ-ACK feedback for multicast.
· [bookmark: _Toc68642427](Ericsson) Proposal 5: 
· PUCCH formats 0 and 1 can be used for semistatic codebook.as a basis for NACK-only signaling
· [bookmark: _Toc68642428](Ericsson) Proposal 6: 
· Denoting the number of bits in the NACK-only codebook by N, downselect from the  following variants to create up to N NACK-only signals in the same uplink slot:
· a) Use multiple PUCCH resources in the same slot, M=2^N-1 PUCCH resources for N is the total number of PDSCHs for which the UE needs to provide feedback, each UE transmits on one of the resources according to the subset of PDSCHs for which the UE needs to signal NACK.
· b) Use multiple PUCCH resources in the same slot, where each PUCCH resource represents one bit in the NACK-only codebook and the UE needs to transmit multiple NACK signals, one on each PUCCH resource corresponding to a bit in the codebook for which the UE has to signal a NACK.
· FFS: Use the PUCCH format 0 or format 1 phase rotations and for format 1 the OCCs as dimension in addition to OFDM-symbol and PRB, i.e associate each rotation with a HARQ process.
· FFS: Associate each NACK signal with a subset of bits in the NACK-only codebook, where multiple UEs use the same PUCCH resource for the NACK-only signal relating to the same subset and the subset size may reduce to 1. A UE transmits the NACK signal if at least one bit of the associated subset of bits in the NACK-only codebook is cleared, i.e. indicates a PDSCH decoding failure. The gNB accordingly retransmits the transport blocks of all HARQ processes of the subset.
[bookmark: _Ref62477520]Round-1
FL’s Comments
This discussion can be pending up to the decision of support of NACK-only based HARQ-ACK feedback. 


FL’s Proposal:
Proposal 2.3.1.1 (TBD)

Collect views:
	Company
	Comments 

	Nokia, NSB
	Although other issues of NACK-only can be pending, we would like FL to clarify a relevant previous agreement to the RAN group. We believe that the following agreement from RAN103-e can be understood differently by different companies (one of PUCCH-config / PUCCH resource set / PUCCH resource): 
 
Agreement: 
For RRC_CONNECTED UEs receiving multicast, for NACK-only based HARQ-ACK feedback if supported for group-common PDCCH scheduling, PUCCH resource configuration for HARQ-ACK feedback from per UE perspective is separate from PUCCH resource configuration for HARQ-ACK feedback for unicast.  
· FFS PUCCH format 
 
Although we raised our concern during e-mail discussions of 103e meeting and the FL had clarified that the agreement reflects a new PUCCH-config for NACK-only, we believe that a new clarifying agreement, such as the one below, is needed for a better understanding of the RAN1 group:  
  
 
For RRC_CONNECTED UEs receiving multicast, for NACK-only based HARQ-ACK feedback if supported for group-common PDCCH scheduling, the following PUCCH-configs are separated: 
(a) PUCCH-config for multicast HARQ-ACK feedback based on NACK-only
(b) PUCCH-config for multicast HARQ-ACK feedback based on ACK / NACK for eMMB
(c) PUCCH-config for multicast HARQ-ACK feedback based on ACK / NACK for URLLC
(d) PUCCH-config for unicast HARQ-ACK feedback for eMBB
(e) PUCCH-config for unicast HARQ-ACK feedback for URLLC.


	
	





[bookmark: _Ref55034632]HARQ-ACK codebook
Submitted Proposals
The proposals maybe applicable to both Type-1 and Type-2 HARQ-ACK codebook are listed here: 
[bookmark: _Ref47365799][bookmark: _Ref54015739](Huawei) Proposal 4: 
· A separate HARQ-ACK codebook may be generated depending on whether PUCCH-Config for multicast is configured:
· When it is configured, UE generates a separate HARQ-ACK codebook using PUCCH-Config for multicast. 
· When it is NOT configured, multiplexing/prioritizing the HARQ-ACK feedback between unicast and multicast will be executed to determine the PUCCH resources. 
(OPPO) Proposal 6: 
· If separate PUCCH-config(s) is configured for MBS, HARQ-ACK codebook for MBS and unicast are constructed separately and transmitted in PUCCH resource dedicated for MBS or unicast.
(vivo) Proposal 4: 
· [bookmark: _Ref68092749]The HARQ-ACK codebook type for multicast and unicast should be separately configured.
 (LGE) Proposal 14: 
· UE may not need to send HARQ-ACK feedback to all multicast transmissions within a CFR because UE is typically interested in only a few services. Further discuss whether/how to consider UE’s interest in multicast services for construction of HARQ-ACK codebook.

[bookmark: _Ref68894149]Separate HARQ-ACK codebook
[bookmark: _Ref69328908]Round-3
FL’s Proposal:
[bookmark: OLE_LINK32][bookmark: OLE_LINK33]Proposal 2.4.1.1 (closed)
When PUCCH-Config for multicast and PUCCH-Config for unicast are separately configured, consider the following alternatives:
· Alt 1: UE is expected to construct separate codebooks for multicast and for unicast corresponding to PUCCH-Config for multicast and PUCCH-Config for unicast, respectively. 
· Note: Alt 1 means network configures/indicates the PUCCH resources for multicast and for unicast will not overlap. 
· Alt 2: UE constructs the HARQ-ACK codebook following the rule of multiplexing/prioritizing. 
· Note: Alt 2 means UE will generate a single codebook regardless separate PUCCH-Config for multicast or shared PUCCH-Config with unicast.
· Alt 3: Alt 1 with another configuration configures UE to generate two separate codebooks. 
· Note: Alt 3 is similar to URLLC with configuration of pdsch-HARQ-ACK-CodebookList together with two separate PUCCH-Config for generating two separate HARQ-ACK codebooks. 
· FFS whether/how down select. 

Collect views:
	Company
	Comments 

	Ericsson
	Support the proposal for future downselection. For clarification, our understanding of the difference between alt1 and alt3 is that alt3 allows dynamic switching between pucch configs for a given PDSCH (via the priority bit in DCI) while in alt1 the configuration is always the same. 

	Samsung
	OK in principle with the proposal but down-selection is not necessary – instead, it can be something like “consider further”. For example, Alt 1 can apply as for M-TRP (or as for eMBB+URLLC) when the codebooks are separate, Alt 2 can apply as for M-TRP when the codebooks are joined (or even as for eMBB+URLLC in Rel-17), Alt.3 can apply as for URLLC in Rel-16.  
Our understanding of Alt. 3 is as described in the note (but with both codebooks being slot-based for multicast as there is no agreement for sub-slot).


	ZTE
	Two comments from our side.
1. Based on our understanding, we should remove “When PUCCH-Config for multicast and PUCCH-Config for unicast are separately configured” in the main bullet, because whether to generate separate or joint codebook is not directly related to the PUCCH-Config configuration for unicast and multicast. For example, with separate PUCCH-Config configuration for unicast and multicast, UE can generate separate codebook for unicast and multicast (e.g., type2 codebook), on the other hand, UE can also generate joint codebook for unicast and multicast (e.g., type1 codebook). 
2. From our perspective, basically, Alt.3 is trying say that RRC configuration indicates Alt.1 or Alt.2.
Based on the above analysis, we have the following proposal.

 When PUCCH-Config for multicast and PUCCH-Config for unicast are separately configured, consider the following alternatives:
· Alt 1: UE is expected to construct separate codebooks for multicast and for unicast corresponding to PUCCH-Config for multicast and PUCCH-Config for unicast, respectively. 
· Note: Alt 1 means network configures/indicates the PUCCH resources for multicast and for unicast will not overlap. 
· Alt 2: UE constructs the HARQ-ACK codebook following the rule of multiplexing/prioritizing. 
· Note: Alt 2 means UE will generate a single codebook regardless separate PUCCH-Config for multicast or shared PUCCH-Config with unicast.
· Alt 3: RRC configuration indicates between Alt.1 or Alt.2 Alt 1 with another configuration configures UE to generate two separate codebooks. 
· Note: Alt 3 is similar to URLLC with configuration of pdsch-HARQ-ACK-CodebookList together with two separate PUCCH-Config for generating two separate HARQ-ACK codebooks. 
· FFS whether/how down select. 


	CMCC
	Some comments from our side.
First, we think alt 3 is some detailed configuration/explanation for alt 1, and is not with the same level with alt 2. If the PUCCH-Config for multicast contains two PUCCH-config, UE can be provided the pdsch-HARQ-ACK-CodebookList which is similar to URLLC. If the PUCCH-Config for multicast only contain one PUCCH-config, UE is not needed to be configured with the pdsch-HARQ-ACK-CodebookList. Therefore, we think we can male alt 3 as a sub-bullet under alt 1.
Second, in alt 1, the Note is Alt 1 means network configures/indicates the PUCCH resources for multicast and for unicast will not overlap. Does it means we only consider the case that there is no collision between PUCCH for multicast and PUCCH for unicast, which is guaranteed by gNB? If the answer is yes, there will never be HARQ-ACK multiplexing case. As for alt 2, it is allowed that gNB indicate the overlapped PUCCH resources for multicast and for unicast with the same priority. That means the restriction for gNB scheduling is different between alt 1 and alt 2. 

	Nokia, NSB
	OK in principle 

We prefer Alt. 2 for the reasons below, 

The UE should construct separate sub-codebooks for each PUCCH-config (2 unicast PUCCH-configs, and possibly 2 PUCCH-configs for ACK / NACK based multicast). In case those are scheduled to be sent by the UE in the same (sub-)slot, the UE should follow the prioritization/multiplexing rules defined. 

In case the optional multicast PUCCH-config for ACK / NACK is not configured, then the UE should construct separate sub-codebooks for unicast transmissions, and also for each MBS transmissions (this is needed because of separate DAI fields for Type-2 codebook, and because of FDM-ed transmissions for Type-1 codebook). If those are scheduled to be sent by the UE in the same (sub-)slot, the UE should follow the prioritization/multiplexing rules defined.

	vivo
	1. The scope of the proposal is not clear. We think it should be for HARQ-ACK for multicast and unicast with the same priority. If HARQ-ACK for multicast and unicast have different priorities, UE should separately construct HARQ-ACK codebooks and drop one if their PUCCHs are overlapped according to our agreements.
2. Agree with ZTE’s first comment to delete“When PUCCH-Config for multicast and PUCCH-Config for unicast are separately configured” in the main bullet.
3. For Alt 2, we don’t think multiplexing/prioritizing means UE will generate a single codebook. If we support of two non-overlapping slot-based PUCCHs for multicast and unicast, respectively, with the same priority, in the same slot (Proposal 2.5.2.3-1), UE will generate two codebooks.
4. For Alt 3, is the difference from alt 1 that gNB can indicate two overlapped PUCCH resources in alt 3? For this alternative, we still need to discuss how to handle the case that UE is capable of only one PUCCH with HARQ-ACK in a slot, or the case the two PUCCH resources are overlapped in time, that is, how to do multiplexing/prioritization (then this is alt 2).

	Lenovo, Motorola Mobility
	We don’t understand the intention of this proposal. 
For the HARQ-ACK codebook determination for multicast or unicast, we think maybe two cases are enough:
Case 1: separate HARQ-ACK codebooks on separate PUCCHs
Case 2: separate sub-codebooks on same PUCCH. 
FFS conditions.

	Qualcomm
	The proposal needs more clarification.
For Alt1, even if the configured PUCCH resources are overlapped, the actual PUCCH transmission may not be overlapped, e.g., only unicast PUCCH is scheduled or only multicast PUCCH is scheduled. 
For Alt2, we think the multiplexing means to merge unicast/multicast feedback in the same PUCCH by Type-1 (by union TDRA) or Type-2 (by concatenation), which both can be regarded as a joint codebook with different mechanism. For prioritization, only separate codebook for the remaining PUCCH is generated instead of a joint one.
For Alt3, similar concern as ZTE. If network does not configure separate feedback on different PUCCH resources, does it mean UE follows Alt2? Or something else? How to configure/signalling (if needed) is the detailed design, which needs further discussion.

	CATT
	We agree with ZTE/vivo to delete the ‘When PUCCH-Config for multicast and PUCCH-Config for unicast are separately configured’ in main bullet, since configuring separate/shared codebooks do not only relate with the configuration of PUCCH-Config.
For Alt1 and Alt2, in our understanding, they belongs two different, which cannot be down-selected.

	OPPO
	Seems HARQ-ACK codebook construction, multiplexing/prioritizing between HARQ-ACK codebook for multicast and unicast, and HARQ-ACK codebook priority are mixed in this proposal, maybe we need more time to sort things out. We are wondering whether we can agree on a simple case as below first in this meeting and further discuss/study other cases:

· When PUCCH-Config for multicast and PUCCH-Config for unicast are separately configured, and PUCCH resources for multicast and for unicast are not overlapping, UE is expected to construct separate codebooks for multicast and for unicast corresponding to PUCCH-Config for multicast and PUCCH-Config for unicast, respectively. 
· FFS other cases. 


	LG
	We also propose to remove ‘When PUCCH-Config for multicast and PUCCH-Config for unicast are separately configured’. Even when PUCCH-Config for multicast is not configured, we would need to consider the alternatives.
In addition, we think that Alt 2 should not preclude that if PUCCH timing for multicast is different from that for unicast then UE constructs separate codebooks for multicast and unicast
Thus, we propose to change to:
When PUCCH-Config for multicast and PUCCH-Config for unicast are separately configured, consider the following alternatives:
· Alt 1: UE is expected to construct separate codebooks for multicast and for unicast corresponding to PUCCH-Config for multicast and PUCCH-Config for unicast, respectively. 
· Note: Alt 1 means network configures/indicates the (sub-)slot with the PUCCH resources for multicast and for unicast will not overlap. 
· Alt 2: UE constructs the HARQ-ACK codebook following the rule of multiplexing/prioritizing. 
· Note: Alt 2 means UE will generate a single codebook regardless separate PUCCH-Config for multicast or shared PUCCH-Config with unicast.
· Alt 2 does not preclude that if PUCCH timing for multicast is different from that for unicast then UE constructs separate codebooks for multicast and unicast.
· Alt 3: Alt 1 with another configuration configures UE to generate two separate codebooks. 
· Note: Alt 3 is similar to URLLC with configuration of pdsch-HARQ-ACK-CodebookList together with two separate PUCCH-Config for generating two separate HARQ-ACK codebooks. 
· FFS whether/how down select. 
In addition, we want to clarify the intention of the NOTE in Alt 3 (in yellow). We wonder if this NOTE is related to low/high priority codebooks or something else e.g. different codebook types.



[bookmark: _Ref69572881]Round-4
FL’s Comment:
Ericsson’s comment, the difference as clarified between Alt 1 and Alt 3 is Alt 3 needs one additional configuration on top of Alt 1 indicating whether UE generates two separate HARQ-ACK codebooks. 
My understanding is that we are going to do down-selection and have no idea right now how more than one supported are going to work eventually but FFS whether/how down select helps converge. 
To ZTE’s comment, let’s not use joint codebook but rather say multiplexing the codebook because “joint” codebook for mTRP has specific meaning in specification. Since URLLC generates two codebooks only when UE is configured with codebook list and two separate PUCCH-config, and we have agreed to have separate PUCCH-config for multicast and it even could be a list including two configurations corresponding low priority and high priority codebooks, the problem based on the precedent of URLLC is whether the separate PUCCH-config is sufficient as in Alt 1 or needs one additional configuration as in Alt 3 for indicating UE to generate separate codebooks for unicast and multicast, respectively. I know there could be possibly other ways also to achieve the same purpose, but Alt 1 and Alt 3 are solutions most similar to what has been specified for URLLC. 
To CMCC’s comment. The multiplexing rule is at least applied to the case of separate PUCCH-config is not configured for multicast. Yes, the restriction for Alt 1 and Alt 2 is different. 
To Nokia’s comment, if always multiplexing the same priority and dropping the low priority in the same (sub)-slot, it is meaningless for network to configure UE to generate two codebooks with different priorities since the low priority will be dropped anyway when PUCCH overlaps. Whenever Nokia talks about concatenate sub-codebooks, I am always confused because at least Type-1 for TDM-ed based on union TDRA sets as being agreed is not concatenating. 
To vivo’s comment, the proposal does not particularly address to the same priority case only. It could be applied to different priorities as in Alt 1/3 to make sure the PUCCH will not overlap. 
As clarified at the beginning, it is right because I have observed people are talking about different things even though using the same term and the discussion of PUCCH resources, whether generate separate codebooks and multiplexing could be mutually affected, so we have to find a way out! This proposal is right the attempt to do it! If this attempt goes a bit further than expected, let’s take a step back to try the following:

FL’s Proposal:
Proposal 2.4.1.2 (closed)
When PUCCH-Config for multicast and PUCCH-Config for unicast are separately configured, consider the following alternatives:
· Alt 1: UE is expected to construct separate codebooks for multicast and for unicast corresponding to PUCCH-Config for multicast and PUCCH-Config for unicast, respectively. 
· Note: Alt 1 means network may configures/indicates the PUCCH resources for multicast and for unicast will not overlap. 
· FFS the codebooks for unicast and for multicast are the same or different priorities.
· FFS whether additional configuration is needed on top of two separate PUCCH-Config as pdsch-HARQ-ACK-CodebookList in addition to two separate PUCCH-Config is configured for URLLC to generate two separate HARQ-ACK codebooks. 
· Alt 2: whether UE generates two separate HARQ-ACK codebooks for unicast and multicast respectively is independent of whether separate PUCCH-Config is configured for multicast.
· FFS details.

Collect views:
	Company
	Comments 

	ZTE
	Not the proposal is clearer to us. We would propose the following revision.  “When PUCCH-Config for multicast and PUCCH-Config for unicast are separately configured,” is not appropriate to be put in the main bullet, it should be put in Alt.1 from our perspective.

Updated Proposal by ZTE:
When PUCCH-Config for multicast and PUCCH-Config for unicast are separately configured, consider the following alternatives:
· Alt 1: When PUCCH-Config for multicast and PUCCH-Config for unicast are separately configured, UE is expected to construct separate codebooks for multicast and for unicast corresponding to PUCCH-Config for multicast and PUCCH-Config for unicast, respectively. 
· Note: Alt 1 means network may configures/indicates the PUCCH resources for multicast and for unicast such that they will not overlap. 
· FFS the codebooks for unicast and for multicast are the same or different priorities.
· FFS whether additional configuration is needed on top of two separate PUCCH-Config as pdsch-HARQ-ACK-CodebookList in addition to that two separate PUCCH-Config is configured for URLLC multicast to generate two separate HARQ-ACK codebooks. 
· Alt 2: whether UE generates two separate HARQ-ACK codebooks for unicast and multicast respectively is independent of whether separate PUCCH-Config is configured for multicast.
· FFS details.


	CMCC
	Similar view as ZTE, as the PUCCH configurations may be different in Alt 1 and Alt 2 , it is better to  put “When PUCCH-Config for multicast and PUCCH-Config for unicast are separately configured,” in Alt 1 not main bullet.

	Lenovo, Motorola Mobility
	The update is still unclear to us.
As commented by many companies, even if the configured PUCCH resources for multicast and unicast are overlapped, it does not imply the actually scheduled PUCCH transmission will be overlapped. So we suggest to remove “When PUCCH-Config for multicast and PUCCH-Config for unicast are separately configured,”.

Our suggestions are listed below for reference:
When PUCCH-Config for multicast and PUCCH-Config for unicast are separately configured, consider the following alternatives:
· Alt 1: When PUCCH-Config for multicast and PUCCH-Config for unicast are separately configured, and PUCCH resources for multicast and for unicast are not overlapping, UE is expected to construct separate codebooks for multicast and for unicast corresponding to PUCCH-Config for multicast and PUCCH-Config for unicast, respectively. 
· Note: Alt 1 means network may configures/indicates the PUCCH resources for multicast and for unicast will not overlap. 
· FFS the codebooks for unicast and for multicast are the same or different priorities.
· FFS whether additional configuration is needed on top of two separate PUCCH-Config as pdsch-HARQ-ACK-CodebookList in addition to two separate PUCCH-Config is configured for URLLC to generate two separate HARQ-ACK codebooks. 
· Alt 2: When PUCCH-Config for multicast and PUCCH-Config for unicast are separately configured, and PUCCH resources for multicast and for unicast are overlapping, OR when single PUCCH-Config is configured, whether UE generates a single two separate HARQ-ACK codebook for unicast and multicast respectively is independent of whether separate PUCCH-Config is configured for multicast.
· FFS details.


	CATT
	The proposal is still not clear to us. 
Similar view as ZTE, the relation of ‘When PUCCH-Config for multicast and PUCCH-Config for unicast are separately configured,’ in main bullet and the ‘independent of whether separate PUCCH-Config is configured for multicast’ in Alt2 is confused to us. Seems that ZTE’s version is reasonable.

	Moderator
	The intention of this proposal is to address the issue when the separate PUCCH-Config is configured for multicast. Based on the comment from ZTE, the proposal can be generalized a bit more like as follows:

Proposal 2.4.1.2-r1
Regarding whether/how UE is configured to generate two separate HARQ-ACK codebooks for multicast and unicast, respectively, consider the following alternatives:
· Alt 1: When PUCCH-Config for multicast and PUCCH-Config for unicast are separately configured, UE is expected to construct separate codebooks for multicast and for unicast corresponding to PUCCH-Config for multicast and PUCCH-Config for unicast, respectively. 
· Note: Alt 1 means network may configures/indicates the PUCCH resources for multicast and for unicast to be non-overlapping. 
· FFS the codebooks for unicast and for multicast are the same or different priorities.
· FFS whether additional configuration is needed in addition to two separate PUCCH-Config configuration to generate two separate HARQ-ACK codebooks. 
· Alt 2: whether UE generates two separate HARQ-ACK codebooks for unicast and multicast respectively is independent of whether separate PUCCH-Config is configured for multicast.
· FFS details.


	OPPO
	Basically, fine with the latest FL proposal above. However, the 2 alternatives seem mutually exclusive, it is more reasonable to say “down-selection from the following alternatives” in the main bullet.
 Actually, under the conditions in Alt 1 it seems natural that UE should construct separate codebooks for multicast and unicast, to directly agree on Alt 1 is also fine for us.

	Nokia, NSB
	We support the proposal with the following changes:  
 
Regarding whether/how UE is configured to generate at least two separate HARQ-ACK codebooks for multicast and unicast, 

Alt 2: whether UE generates at least two separate HARQ-ACK codebooks for unicast and multicast respectively is independent of whether separate PUCCH-Config is configured for multicast.  

FFS details.  
  

“To Nokia’s comment, if always multiplexing the same priority and dropping the low priority in the same (sub)-slot, it is meaningless for network to configure UE to generate two codebooks with different priorities since the low priority will be dropped anyway when PUCCH overlaps.”   

Thank you FL for further clarification. In our understanding, in case of URLLC, too, if the high-priority HARQ-ACK is scheduled in the same (sub-)slot with low-priority HARQ-ACK, the low-priority HARQ-ACK is dropped. Generally speaking, in the case two HARQ-ACK occasions do not overlap in time, then two different priority HARQ-ACK codebooks are useful. We believe that this is also the principle herein.  

In addition, we believe that the UE can generate (at least) one sub-codebook for high-priority multicast ACK / NACK, one sub-codeboook for low-priority ACK / NACK, and one sub-codebook for unicast, therefore we have proposed change to include “at least”. Of course, the UE can be configured with 3 different PUCCH-configs to send those codebooks (what we see as Alt 1 is leading to), however, we believe that this should be configurable.  

“Whenever Nokia talks about concatenate sub-codebooks, I am always confused because at least Type-1 for TDM-ed based on union TDRA sets as being agreed is not concatenating.”  

We understand that the union TDRA sets approach does not include concatenating for TDM-ed case. But, union TDRA based approach is not enough in case of FDM-ed transmissions (if some TDRA occasions overlap, which we believe is quite frequent since TDRA tables may be configured the same). Therefore, also in case of Type-1 codebook, concatenation of sub-codebooks will be needed. In case Alt 1 is agreed without including this option, this may create complications, e.g. corrections may be needed in future.  

Regarding Alt 1, we do not believe that we should limit the network to not configure non-overlapping PUCCH resources inside different PUCCH-configs. Instead, multiplexing / prioritization can be used when those overlap.

	NTT DOCOMO
	The first FFS is not clear to us. Is it referring to the case where they have the same priority index? (which is related to Proposal 2.5.1.1 in round 1)

	vivo
	For the first FFS, we think for the case with different priorities, regardless PUCCH-config is the same or different, UE will separately construct the HARQ-ACK codebook for unicast and multicast.
For the second FFS in Proposal 2.4.1.2-r1, in URLLC, pdsch-HARQ-ACK-CodebookList is configured and type of pdsch-HARQ-ACK-Codebook and PUCCH-config is one-to-one mapping, that is, HARQ-ACK codebook type for URLLC and eMBB are separately configured. For unicast and multicast, we think the HARQ-ACK codebook type should also be separately configured.

	Moderator
	To reflect more comments. 
To Nokia’s comment, whenever we say union TDRA tables, it only works for TDM-ed cases and FDM-ed case should be discussed particularly. Alt 1 aims to solve whether/how to generate two separate codebooks. As commented, if resources overlaps, multiplexing would be used in general but how multiplexing is conducted, should looks at Type-1 and Type-2 separately. Type -2 uses concatenating, Type-1 for TDM is based on union (so far) for TDMed so not concatenating and FFS for FDMed. If you want to propose concatenating for TDM-ed Type1, it should be discussed separately, maybe in Type1 codebook generate section in the next meeting.
To NTT DOCOMO, see the first FFS.

Proposal 2.4.1.2-r2
Regarding whether/how UE is configured to generate at least two separate HARQ-ACK codebooks for multicast (at least for ACK/NACK based HARQ-ACK feedback) and unicast, respectively, to down-select between the following alternatives:
· Alt 1: When PUCCH-Config for multicast and PUCCH-Config for unicast are separately configured, UE is expected to construct separate codebooks for multicast and for unicast corresponding to PUCCH-Config for multicast and PUCCH-Config for unicast, respectively. 
· Note: Alt 1 means network may configures/indicates the PUCCH resources for multicast and for unicast to be non-overlapping. 
· FFS the codebooks for unicast and for multicast are the same or different priorities.
· FFS whether additional configuration is needed in addition to two separate PUCCH-Config configuration to generate two separate HARQ-ACK codebooks. 
· Alt 2: whether UE generates at least two separate HARQ-ACK codebooks for unicast and multicast respectively is independent of whether separate PUCCH-Config is configured for multicast.
· FFS details.


	ZTE
	Ok with the latest FL proposal above.

	Qualcomm
	In current stage, we are not sure of down-selection. 
If additional configuration is to enable Alt1, Alt1 and Alt2 may be complementary to each other. 

	Moderator
	To sync-up the discussion on GTW, let’s comment based on the following update:

Proposal 2.4.1.2-r3
Regarding whether/how UE is configured to generate at least two separate HARQ-ACK codebooks for multicast (at least for ACK/NACK based HARQ-ACK feedback) and unicast, respectively, select one or more from the following alternatives:
· Alt 1: When PUCCH-Config for multicast and PUCCH-Config for unicast are separately configured, UE is expected to construct separate codebooks for multicast and for unicast corresponding to PUCCH-Config for multicast and PUCCH-Config for unicast, respectively. 
· Note: Alt 1 means network may configures/indicates the PUCCH resources for multicast and for unicast to be non-overlapping. 
· FFS the codebooks for unicast and for multicast are the same or different priorities.
· FFS whether additional configuration is needed in addition to two separate PUCCH-Config configuration to generate two separate HARQ-ACK codebooks. 
· Alt 2: whether UE generates at least two separate HARQ-ACK codebooks for unicast and multicast respectively is independent of whether separate PUCCH-Config is configured for multicast.
· FFS details.


	ZTE
	We suggest to delete the word “respectively” in the main bullet. Based on the response online yesterday, it seems our intention is to for example 2 codebooks for multicast and 1 codebook for unicast. In this sense, we need to delete “respectively”, otherwise, it tends to we will have more than 2 codebooks for multicast and more than 2 codebooks for unicast.

	NTT DOCOMO
	“Note” in Alt1 should be removed. The note is based on the assumption that whether or not to multiplex two codebooks is based on whether the PUCCH resources are overlapped or not. The condition for multiplexing is under discussion. This note is not necessary until the conditions are determined. We think that the condition for multiplexing should be whether the PUCCH resources are in the same slot.
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FL’s comment:
Based on the last comment regarding “at least” from the last GTW session, I think it is safer to delete “at least” along with “two” because we have agreed earlier on that the PUCCH-Config for multicast could be a list to correspond to two codebooks with different priorities for multicast. This proposal here focus on talking about separate codebooks in general for multicast and unicast, respectively. 
To DOCOMO, as I responded earlier, if network configures UE to generate separate codebooks, the resource configured/indicate usually not overlap, otherwise, the codebook with low priorities will be dropped eventually anyway. The note does not mean network has to do it, but it is the basic assumption for network configuration as in Alt 1. 

Proposal 2.4.1.3
Regarding whether/how UE is configured to generate at least two separate HARQ-ACK codebooks for multicast (at least for ACK/NACK based HARQ-ACK feedback) and unicast, respectively, select one or more from the following alternatives:
· Alt 1: When PUCCH-Config for multicast and PUCCH-Config for unicast are separately configured, UE is expected to construct separate codebooks for multicast and for unicast corresponding to PUCCH-Config for multicast and PUCCH-Config for unicast, respectively. 
· Note: Alt 1 means network may configure/indicate the PUCCH resources for multicast and for unicast to be non-overlapping. 
· FFS the codebooks for unicast and for multicast are the same or different priorities.
· FFS whether additional configuration is needed in addition to two separate PUCCH-Config configurations to generate two separate HARQ-ACK codebooks for multicast and unicast, respectively. 
· Alt 2: whether UE generates at least two separate HARQ-ACK codebooks for multicast unicast and unicast multicast respectively is independent of whether separate PUCCH-Config is configured for multicast.
· FFS details.

Collect views:
	Company
	Comments 

	Lenovo, Motorola Mobility
	We have commented several times and not received any feedback from moderator.
(1) Suggest deleting the wording of “is configured to” since the HARQ-ACK codebook is determined at UE side instead of “configured”.
(2) We think even if the configured PUCCH resources for multicast and unicast are overlapped, it does not imply the actually scheduled PUCCH transmission will be overlapped. So, Alt 1 should add more condition of “PUCCH resources for multicast and for unicast are not overlapping in time”. 
(3) Agree with DoCoMo that the note should be deleted. 



	ZTE
	We are ok with the above proposal.

	Samsung
	The proposal is unclear.
Is the intention to separately construct the codebooks (as the proposal says) or to transmit separate corresponding PUCCHs? The codebooks can be separately constructed (e.g. for Type-2 there does not seem to be another choice) but the UE can be configured to provided them either in the same PUCCH or in different PUCCHs.  

	Moderator 
	To Lenovo’s comment: For proposal 2.4.1.3, even though I did not respond to your comments directly, I assumed you can get the point why the proposal is written as is from the “FL’s comment” or the responses to others’ comments. If not, let me reiterate it again:
1.	As explained several times also, the point for this proposal is whether it is network to configure the codebook generation and of course the codebook will be generated eventually by UE. This is similar to what has been specified for URLLC, i.e., network configures UE by a codebook list along with separate PUCCH-config to generate separate codebooks, the idea is similar here for separate codebooks for multicast and unicast. 
2.	Again, similar to what is supported for URLLC, this proposals talk about the issue in RRC configuration level. If the resource is configured not to be overlapped and probably indicated not to be overlapped either, so that network can get the separate codebooks that is expected to be received, this is also why the “note” is better to be kept for clarification by “may configure/indicate” (this is also addressing your third bullet comment).

To Samsung’s comment: Regarding proposal 2.4.1.3, as I explained, the intention firstly is to separate construct the codebooks and will be transmitted in separate PUCCH resources as well in Alt 1 with the note. I think the proposal clearly reflected the intention. You have any suggestion in case you think it is not clear?

	NTT DOCOMO
	If the condition for multiplexing is that the PUCCH resources are in the same slot, the “Note” is incorrect. In this case, either PUCCH in the same slot should be dropped even when they are not overlapped. And the current note cannot handle the case where both non-overlap HARQ-ACK PUCCHs overlap with either PUCCH SR, PUCCH CSI or PUSCH. Therefore, the note should be removed.

	OPPO
	We’d like to point out that PUCCH-Config cannot indicate a list, rather only PUCCH-ConfigurationList can do so, hence if PUCCH-Config is configured, only one codebook could be constructed. 
Hence, from our perspective, we propose to replace “PUCCH-Config” with “PUCCH-Config/ PUCCH-ConfigurationList” in the proposal, as we already agreed that separate PUCCH-ConfigurationList can also be configured for multicast. We are also fine with the current proposal if the modification is not acceptable for other companies considering that it is the last day of the meeting.
Furthermore, for Alt 1 PUCCH resources for unicast and multicast have to be non-overlapping, so we tend to agree with Lenovo to add“PUCCH resources for multicast and for unicast are not overlapping in time” as one more condition of Alt 1 an remove the note.

	LG
	The proposal and the intention of the proposal are unclear to us, as Samsung commented. Even, we are not sure if this proposal is essential at this stage. We prefer to defer this proposal.

	CATT
	The note under Alt 1 is not clear to us as well.  
The note with ‘may’ implies that the configured PUCCH resources for multicast and unicast can be either non-overlapping or overlapping.  We think this is redundancy, so we suggest deleting or further modifying it.

	Lenovo, Motorola Mobility
	Regarding Proposal 2.4.1.3, we think adding the extra condition of “PUCCH resources for multicast and for unicast are not overlapping in time" is better than keeping the note. This is because spec does not specify any behavior from gNB side.  So we suggest deleting the node and adding this condition in Alt 1.
On the other hand, we agree with Samsung, LG and CATT. The intention is not clear to us. Since moderator thought the intention is separate codebooks on separate PUCCHs, it is helpful to add that on the main bullet so as to avoid any ambiguity.


	vivo
	Agree with Docomo to delete the note under alt 1.

	CMCC
	The new scenario is different from URLLC, the separate codebooks in URLLC are typically with different priorities, and gNB can guarantee the PUCCH for different priorities are non-overlapping, otherwise, the PUCCH with low priority will be dropped. However, in this proposal, we are talking about separate codebooks for multicast and unicast. If the multicast and unicast have the same priority, gNB can indicate/configure the overlapping PUCCHs and the final HARQ-ACK codebook will be multiplexed in one PUCCH, in this case, there is no separate codebooks. If multicast and unicast have different priorities, gNB may configure/indicate the PUCCH resources for multicast and for unicast to be non-overlapping. Therefore, we can put the note in Alt 1 as the condition of Alt 1.

Proposal 2.4.1.3
Regarding whether/how UE is configured to generate at least two separate HARQ-ACK codebooks for multicast (at least for ACK/NACK based HARQ-ACK feedback) and unicast, respectively, select one or more from the following alternatives:
· Alt 1: When PUCCH-Config for multicast and PUCCH-Config for unicast are separately configured, and the PUCCH resources for multicast and for unicast to be non-overlapping, UE is expected to construct separate codebooks for multicast and for unicast corresponding to PUCCH-Config for multicast and PUCCH-Config for unicast, respectively. 
· Note: Alt 1 means network may configure/indicate the PUCCH resources for multicast and for unicast to be non-overlapping. 
· FFS the codebooks for unicast and for multicast are the same or different priorities.
· FFS whether additional configuration is needed in addition to two separate PUCCH-Config configurations to generate two separate HARQ-ACK codebooks for multicast and unicast, respectively. 
· Alt 2: whether UE generates at least two separate HARQ-ACK codebooks for multicast unicast and unicast multicast respectively is independent of whether separate PUCCH-Config is configured for multicast.
· FFS details.


	MTK
	We share the similar view with Lenovo, the extra condition of “PUCCH resources for multicast and for unicast are not overlapping in time” is clear than current wording.

	Apple
	For Alt 1, we support Lenovo’s proposal to update Alt1.
Alt2. is not clear for us. Does it propose “UE generates separate HARQ-ACK codebooks for multicast and unicast if PUSCH-Config for multicast is not configured.”?

	Nokia, NSB.
	Agree with the OPPO comment about “PUCCH_configurationlist”  
  
Agree with others that the NOTE needs clarification/deletion. Note, we believe that there are scenarios where the resources can overlap in time, but in a way that allows multiplexing to be performed. 

	Moderator
	Thanks for the more comments and discussion. 
[bookmark: OLE_LINK7][bookmark: OLE_LINK8]I don’t believe we can converge the discussion for this meeting, so I don’t plan to proceed this discussion. At least the good back and forth discussion for several rounds could help us better understand each other. With this discussion as the starting point, hopefully we can move forward in the next meeting. 

To the comments regarding deleting the note and adding “non-overlapping” in the main bullet, it could be a way out. However, considering the comment about Alt 2 being unclear from Apple, it could be possibly clarified that a single codebook is meant in Alt 2 regardless whether separate pucch-config is configured for multicast. With this potential clarification, it may possibly cause more comments whether it is determined first to generate a single codebook then to choose the resources or it is meant the codebook resulted from multiplexing. As clarified from the beginning, all these issues are mutually affected and we need to figure out a good to organize all these discussion which is right the attempt I tried from the beginning also. Whatsoever, the discussion for this meeting can surely help us converge in the next meeting. 






[bookmark: _Ref62477282]Type-1 HARQ codebook
Submitted Proposals
(Huawei) Proposal 6: 
· When RRC configures that PDSCHs of unicast and multicast can be scheduled as FDMed, Type-1 HARQ-ACK codebook is constructed by concatenating the codebook for unicast followed by the codebook for multicast. 
 (OPPO) Proposal 7: 
· Type-1 HARQ-ACK codebook for MBS and unicast are constructed separately;
· No optimization on Type-1 HARQ-ACK codebook is needed for payload size reduction;
· Same HARQ-ACK codebook type is used for MBS and unicast. 
(Spreadtrum) Proposal 5: 
· For type-1 HARQ-ACK codebook construction for FDM-ed unicast and multicast, support that HARQ-ACK bits for multicast are appended after HARQ-ACK bits for unicast.
(ZTE) Proposal 2: 
· Type-1 HARQ-ACK codebook construction for FDM-ed multicast and multicast or FDM-ed unicast and multicast, for a PDSCH SLIV group, the number of HARQ-ACK bits generated by the UE is min (N, M), where N is the number of FDM-ed PDSCHs in the PDSCH SLIV group, and M is the UE receiving capability for FDM PDSCHs.
(vivo) Proposal 5: 
· For ACK/NACK based feedback for multicast, construction of Type-1 HARQ-ACK codebook based on the union of the K1 sets of the unicast service and the multicast service (if they are separately configured), at least of the same priority, is supported
· Candidate of PDSCH reception occasions are determined based on the union of PDSCH TDRA sets of the unicast service and the multicast service (if they are separately configured) only in the slots corresponding to the intersection of K1 set of unicast service and multicast service. 
(vivo) Proposal 6: 
· For Type-1 HARQ-ACK codebook construction for FDM-ed unicast and multicast, and Type-1 HARQ-ACK codebook construction for FDM-ed multicast and multicast if supported.
· [bookmark: _Hlk68093055]Construction of Type-1 HARQ-ACK codebook based on the concatenation of the HARQ-ACK codebooks of the FDMed unicast and multicast, or FDMed multicast and multicast, is supported.
(CATT) Proposal 11:
· To reduce the HARQ-ACK feedback payload size, the mechanism for optimizing the Type-1 codebook construction should be studied and can be based on the UE’s capability.
[bookmark: _Hlk68180689](Nokia) Proposal 24:
· In a resource limited system, construction of semi-static HARQ-ACK sub-codebooks per PTM service can be avoided. Instead, for the FDM-ed PDSCH occasions, one unified bit can be included in the HARQ-ACK codebook that is to be constructed using the Rel-15 / 16 methods.
[bookmark: _Hlk61620949](Nokia) Proposal 25:
· Enabling / disabling of this unification mechanism at the UE can be done via RRC signaling or DCI.
(CMCC) Proposal 9: 
· When constructing Type-1 HARQ-ACK codebook for TDM-ed unicast and multicast PDSCH, the union of the PDSCH TDRA sets is used to determine PDSCH candidate occasions only when a specific slot timing value is in the intersection of different K1 lists.
(CMCC) Proposal 10: 
· When constructing Type-1 HARQ-ACK codebook for FDM-ed unicast and multicast PDSCH, each slot timing value in the set K1 corresponds to two HARQ-ACK bits. The order of HARQ bits can be unicast first, then multicast.Determine which service HARQ corresponds to
(CMCC) Proposal 11: 
· When constructing Type-1 HARQ-ACK codebook for FDM-ed multicast and multicast PDSCH, the number of HARQ bits corresponding to each slot timing value should be the same as the number of multicast services that the UE is receiving.
(CMCC) Proposal 15: 
· For NACK-only based HARQ-ACK feedback, Type-1 HARQ-ACK codebook can be constructed by defining the association between HARQ-ACK codebook value and combinations of cyclic shifts/PUCCH resources index/OCC.
(Intel) Proposal 8: 
· If MBS and unicast PDSCH are FDM, the Type 1 HARQ codebook can be generated by concatenating two sub-codebooks, each generated by considering separately the PDSCH TDRA tables of unicast and multicast. 
(Apple) Proposal 2: 
· FDM between multiple TDMed unicast PDSCHs and multiple TDMed group-common PDSCHs in a slot can be supported according to UE capability.
(Apple) Proposal 3: 
· For Type-1 HARQ-ACK feedback, to support FDM reception of unicast and multicast PDSCH, HARQ-ACK codebook are determined separately for unicast PDSCH and group common PDSCH.
(LGE) Proposal 13: 
· For FDMed multicast and unicast, separate HARQ-ACK sub-codebooks for multicast and unicast are individually constructed and concatenated for Type-1 HARQ-ACK codebook.
(Ericsson) Proposal 10: 
· When MBS traffic is configured with its own dl-DataToUl-Ack in PUCCH configuration, the number of bits in joint HARQ codebook is determined by the union of elements in the sets of K1 of both multicast and unicast where K1 of multicast is provided by dl-DataToUl-Ack in multicast PUCCH configuration and K1 of unicast is provided by dl-DataToUl-Ack in unicast PUCCH configuration or is predefined as {1,2,3,4,5,6,7,8}. The union of TDRA sets is considered at the DL slots given by the intersection of both K1 sets in multicast and unicast. 
[bookmark: _Toc68642451](Ericsson) Proposal 11: 
· [bookmark: OLE_LINK63][bookmark: OLE_LINK64]When multicast and unicast or multicast and multicast traffic can be FDMed in a slot, multicast traffic scheduled by one G-RNTI is treated as coming from a virtual carrier, and the HARQ codebook construction rule before R-17 can be reused for this joint type-1 HARQ-ACK codebook. 
[bookmark: _Toc68642452](Ericsson) Proposal 12: 
· The index of virtual carrier associated with multicast traffic can be either explicitly configured via RRC signaling or implicitly determined by predefined rules. The predefined rule to determine virtual carrier index can be FFS.  
(Ericsson) Proposal 4: 
· For NACK-only transmission of HARQ feedback for group scheduling, a semi-static codebook is supported and dynamic codebook is not supported

[bookmark: _Ref69329708]Round-3
FL’s Proposal:
Proposal 2.4.2.1-1 (closed)
For Type-1 HARQ-ACK codebook construction for unicast and multicast to be multiplexed in the same PUCCH resource, determining PDSCH reception candidate occasions based on the union of PDSCH TDRA sets of the unicast service and the multicast service (if they are separately configured) is based on a set of slot timing values , where the set is
· Alt 1: the intersection of  set for unicast and  set for multicast if separately configured.
· Alt 2: the union of  set for unicast and  set for multicast if separately configured. 
· Down-select to one alternative. 

Collect views:
	Company
	Comments 

	Ericsson
	Support. 

	Samsung
	Do not support.
Rel-16 operation is the union of K1 sets (Alt. 2). Unless a reason/problem is identified for doing something different, so that there can be a corresponding agreement, Rel-16 remains default. 
We don’t understand how the intersection of K1 sets can work (as it would result to dropped HARQ-ACKs) or how it won’t restrict the network deployment.

	ZTE
	Support to have the two alternatives open for now.

	CMCC
	Support alt 1
As the following illustration about TDRA tables configuration, the green part is the TDRA table configured for unicast, and the yellow part is the TDRA table configured for multicast, the starting position and length of green/yellow rectangle means the starting symbol and length for a given SLIV index.



If the K1 sets are different for multicast and unicast, there are two cases for a specific K1: 
2) K1 in the intersection of K1 sets:
The PDSCH reception candidate occasions are determined based on the union of PDSCH TDRA sets of the unicast service and the multicast service. As the illustration, the number of PDSCH reception candidate occasions is 2

2) K1 not in the intersection of the K1 sets:
The PDSCH reception candidate occasions are determined based on the PDSCH TDRA set(s)
 of the unicast service or the multicast service. Which TDRA table set(s) to be used is according to whether the K1 set(s) is associated with multicast or unicast. As the illustration, if the specific K1 is only configured for multicast, the number of PDSCH reception candidate occasions is 1 but not 2.
If we always use the union of PDSCH TDRA sets to determine the PDSCH reception candidate occasions, there will be lots of unnecessary HARQ-ACK codebook bits. That’s why we support alt 1 to reduce HARQ-ACK bits overhead.



	Nokia, NSB
	Support

	vivo
	Support alt 1
Agree with CMCC’ comment. Alt 2 will unnecessarily increase the type 1 HARQ-ACK codebooks size

	Lenovo, Motorola Mobility
	We are OK with the proposal. The down-selection can be performed in next meeting.

	Qualcomm
	Ok in principle. Need further study before down-selection.

	CATT
	Support Alt1. 
Thanks CMCC’s good illustration, we share the same comments with CMCC/vivo. If the slots with intersection of unicast K1 set and multicast K1 set, the PDSCH reception candidate occasions are determined based on the union of PDSCH TDRA sets; otherwise, based on the individual TDRA corresponding to unicast K1set or multicast K1 set. 
In addition, how to construct the union PDSCH TDRA set should be FFS under Alt1. Two options can be considered. 
· Option1: The PDSCH reception candidate occasions are determined the union PDSCH TDRA sets regardless of the type of the PDSCH. 
· Option 2: The unicast PDSCH TDRA sub-set and the multicast DSCH TDRA sub-set are generated separately first. Then, these two sub-sets are united.  
Different options will lead different final PDSCH reception candidate occasions, so we suggest the details of constructing the union PDSCH TDRA set should be FFS.

	OPPO
	Support.

	Apple
	OK with the proposal. 

	LG
	We are not sure if we fully understand alternatives of this proposal.

If the moderator intends to determine all the candidate PDSCH occasions for construction of codebook with this proposal, we think that Alt 2 is a right way which is based on legacy operation. Given that Alt 2 is used, we could further discuss whether or not to optimize codebook construction for low overhead of codebook construction e.g. as CMCC commented above. (In our view, what CMCC explained above seems based on Alt 2).




Proposal 2.4.2.1-2 (closed)
For Type-1 HARQ-ACK codebook construction for FDM-ed unicast and multicast scheduled in the same slot to be multiplexed in the same PUCCH resource,
· the HARQ-ACK bits for unicast precedes the HARQ-ACK bits for multicast for the same scheduled slot. 
· FFS for FDM-ed multicast and multicast.

Collect views:
	Company
	Comments 

	Ericsson
	Support. 

	Samsung
	Support 

	ZTE
	From our perspective, the current proposal still needs further discussion.
There are at least the following three Alts to construct the type1 codebook.
Alt.1: 
Step1- Generate a sub-codebook#1 for unicast within all the slots, 
Step2- Generate another sub-codebook#2 for multicast within all the slots, 
Step3- Append the sub-codebook#2 to sub-codebook#1.
In the following figure, the order of joint codebook should be (A, B, C, D, E, F, G, G)

Alt.2: 
Step1- Generate a sub-codebook#1 for unicast within one slot#1,
Step2- Generate another sub-codebook#2 for multicast within one slot#1,
Step3- Append the sub-codebook#2 to sub-codebook#1 for slot#1,
Step4- Perform step1-step3 to generate sub-codebook for next slot#2 and append it to the codebook for slot#1
In the following figure, the order of joint codebook should be (A, B, E, F, C, D, G, H)

Alt.3
Step1- Generate one bit#1 HAQR info for unicast for the first SLIV group within one slot#1,
Step2- Generate another bit#2 HAQR info for multicast for the first SLIV group within one slot#1,
Step3- Append the bit#2 to bit#1 for first SLIV group within one slot#1
Step4- Perform step1-step3 to generate sub-codebook for next SLIV group and next slot
In the following figure, the order of joint codebook should be (A, E, B, F, C, G, D, H)


[image: ]
Different alternatives result with different codebook construction and have different spec impact on the current pseudo-code. Based on understanding, Alt.2 is the same as Alt.3 is there is up to one unicast and one multicast PDSCH within each slot. Otherwise, if UE supports up more than two unicast + multicast PDSCH as discussed in the AI8.12.1, Alt.2 and Alt.3 have totally different results.
It seems the current proposal is referring to Alt.2. Our understanding is that Alt.2 has more spec impact on the current pseudo-code as the current type1 codebook is based on the SLIV group mechanism. More discussion is needed for this proposal from our perspective.


	CMCC
	As the comment by ZTE, there may be lots of alternatives to construct the Tyep-1 codebooks. At current stage, we can focus the case that only one multicast PDSCH and one unicast PDSCH are FDM-ed and list the alternatives for companies further discuss.

	Nokia, NSB
	We do not support the updated wording of the proposal.  
We believe that the UE should construct sub-codebooks for unicast and multicast, and concatenate those sub-codebooks. Therefore, the latest addition to the proposal should not be made, because it could be interpreted as suggesting that only in the slot where FDM is received, that extra bits are added, whereas per Type-1 codebook construction convention, bits are added for all relevant PDSCH occasions. 

For Type-1 HARQ-ACK codebook construction for FDM-ed unicast and multicast scheduled in the same slot to be multiplexed in the same PUCCH resource, 
· the HARQ-ACK bits for unicast precedes the HARQ-ACK bits for multicast for the same scheduled slot.  
· FFS for FDM-ed multicast and multicast. 


	Vivo
	We support Alt.1 in the comment from ZTE. For this alternative, the current pseudo-code and procedure for type 1 codebook construction can be reused for each codebook, otherwise, it will have larger impact on specification and UE behaviors for type 1 codebook construction.

	Lenovo, Motorola Mobility
	Support.

	Qualcomm
	The current proposal needs further discussion, because of the following reasons:

- In Rel-16 M-TRP, the Type-1 codebook is generated using the CA-framework. Now, if multicast and/or unicast is using M-TRP, the multicast and unicast may have same or different TRP, i.e., different CORESETPoolIndex (in case of no M-TRP, equivalent to CORESETPoolIndex=0). If follow the M-TRP codebook principle, the “unicast precedes multicast in the same slot” should have same CORESETPoolIndex. 

[image: ]


- Even we have agreed to use union TDRA table, the unicast and multicast could be TDMed or FDMed in the same slot. We think a unified design should be considered for Type-1 codebook for FDMed and intra-TDMed unicast and multicast. For other inter-slot TDMed unicast and multicast, we also need to define the order of X-RNTI, slot index, serving cell index, and CORESETPoolIndex.  

	CATT
	We thank ZTE’s summary. Different Alts lead to different codebook constructions with different spec impact on the current pseudo-code. We suggest further discussing the details of the preceding. And the proposal is suggested as following: 

For Type-1 HARQ-ACK codebook construction for FDM-ed unicast and multicast scheduled in the same slot to be multiplexed in the same PUCCH resource,
· the HARQ-ACK bits for unicast precedes the HARQ-ACK bits for multicast for the same scheduled slot. 
· FFS details of the preceding
FFS for FDM-ed multicast and multicast.

	OPPO
	Support

	Apple
	Not sure the “scheduled” is correct here, type 1 codebook construction is not depending on the scheduling, otherwise it is type 2 codebook.

	LG
	As ZTE mentioned, HARQ-ACK bit ordering between unicast and multicast would be a bit different according to HARQ-ACK codebook construction options. At this moment, we are open to all possibilities. Thus, we also propose to remove ‘for the same scheduled slot’ for this meeting:
Proposal 2.4.2.1-2
For Type-1 HARQ-ACK codebook construction for FDM-ed unicast and multicast scheduled in the same slot to be multiplexed in the same PUCCH resource,
· the HARQ-ACK bits for unicast precedes the HARQ-ACK bits for multicast for the same scheduled slot. 
· FFS for FDM-ed multicast and multicast.



[bookmark: _Ref69567362]Round-4
FL’s Comments
The proposals in the submitted proposals propose to agree on Alt 1 for optimizing Type-1 codebook payload. I suppose the solution in people’s mind who did not propose Type-1 codebook optimization is using the union K1 set as in Rel-15/Rel-16 specifications by default. 
For the comments from Samsung or from LGE also, the point is essentially whether to have such optimization as Alt 1. Hence, I either draft the proposal to go like whether to optimize Type-1 codebook as in Alt 1 or list two mutually exclusive alternatives as they are in Round-3 and FFS down-selection later. To me, these two ways make no difference, because if optimization as Alt1 is not agreeable and Alt2 is to be used by default, which is essentially meaning the same thing to down select between the two. Listing two alternatives is clearer. 
To address Samsung’s concern how Alt 1 is going to work if no intersection, I made the following update. At lease from the response from CMCC, I bet there is solution for it but can be discussed later.

FL’s Proposal:
Proposal 2.4.2.2-1 (closed)
For Type-1 HARQ-ACK codebook construction for unicast and multicast to be multiplexed in the same PUCCH resource, determining PDSCH reception candidate occasions based on the union of PDSCH TDRA sets of the unicast service and the multicast service (if they are separately configured) is based on a set of slot timing values , where the set is
· Alt 1: the intersection of  set for unicast and  set for multicast if separately configured.
· FFS details including the case of no intersection 
· Alt 2: the union of  set for unicast and  set for multicast if separately configured. 
· Down-select to one alternative. 

Collect views:
	Company
	Comments 

	Samsung
	Do not support. Prefer to postpone for RAN#105-e.
As the intention is to reduce the Type-1 codebook size, there are several aspects and approaches to consider. 
Thanks CMCC for the clarification – after reading your Tdoc, the intention of ‘intersection’ is understood (and what happens if no intersection). However, proposal 2.4.2.2-1 is unclear in that respect (e.g. with the “FFS details including the case of no intersection” – cannot have such FFS while pursuing an agreement). 
Also, there is no down-selection. The issue is whether or not to modify the Rel-16 Type-1 HARQ-ACK codebook construction – an analysis of possible size reductions and associated benefits of possible approaches for multicast is first needed.


	ZTE
	Ok with this proposal. More discussion in next meeting is needed. 
We are also OK to postpone the discussion to next meeting.

	CMCC
	Partially Support. 
Thanks for Samsung, and further some clarification of  ‘case of no intersection’ in Alt 1. As our comment in previous round, we think there are two cases for K1, which 1) K1 in the ‘intersection’ set, i.e., K1 in Alt 1, we use the joint TDRA tables to determine the PDSCH candidate occasions, 2) K1 not in the ‘no intersection’ set, i.e., K1 in Alt 2 but excludes Alt 1, we only use partial TDRA table to determine the PDSCH candidate occasions. The following is the example, which only on the second slot union TDRA tables is used.
[image: C:\Users\cmcc\Desktop\图片1.png]
To make the proposal more clear and complete, we can try to modify it as the following,
Proposal 2.4.2.2-1
For Type-1 HARQ-ACK codebook construction for unicast and multicast to be multiplexed in the same PUCCH resource, determining PDSCH reception candidate occasions based on union of PDSCH TDRA sets of the unicast service and the multicast service (if they are separately configured) is based on a set of slot timing values , where the set is
· Alt 1: 
· union of PDSCH TDRA sets of the unicast service and the multicast service (if they are separately configured) is based on a set of slot timing values , where the set is the intersection of  set for unicast and  set for multicast if separately configured.
· PDSCH TDRA set(s) of the unicast service or the multicast service (if they are separately configured) is based on a set of slot timing values , where the set is the of  set for unicast and  set for multicast if separately configured.
· FFS details including the case of no intersection 
· Alt 2: union of PDSCH TDRA sets of the unicast service and the multicast service (if they are separately configured) is based on a set of slot timing values , where the set is the union of  set for unicast and  set for multicast if separately configured. 
· Down-select to one alternative. 


	Lenovo, Motorola Mobility
	We are also OK to postpone this issue.

	CATT
	We are OK with the FL’s proposal, and agree to postpone the discussion of Alt1 and Alt2 to the next meeting.

	Moderator
	Let’s try firstly whether we can move forward based on the discussion we had. To make the proposal more meaningful, let’s try the following update to make Alt 1 more concrete per Samsung’s comment and CMCC’s suggestion:

Proposal 2.4.2.2-1-r1
[bookmark: _Hlk69744099]For Type-1 HARQ-ACK codebook construction for unicast and multicast to be multiplexed in the same PUCCH resource, determining PDSCH reception candidate occasions is based on a set of slot timing values  ( termed set C), where the set C is, to down-select between:
· Alt 1: the intersection of  set for unicast (termed set A) and  set for multicast (termed set B), which means.
· union of the PDSCH TDRA sets is applied to set C only.
· for slot timing values  in set A but not in set B, Type-1 HARQ-ACK codebook construction is based on PDSCH TDRA set for unicast, and
· for slot timing values  in set B but not in set A, Type-1 HARQ-ACK codebook construction is based on PDSCH TDRA set for multicast. 
· Alt 2: the union of  set for unicast and  set for multicast. 


	OPPO
	we suggest the following on top of FL’s latest proposal:

For Type-1 HARQ-ACK codebook construction for unicast and multicast to be multiplexed in the same PUCCH resource, determining PDSCH reception candidate occasions is based on a set of slot timing values  ( termed set C), where the set C is, to down-select between:
· Alt 1:
·  the intersection of  set for unicast (termed set A) and  set for multicast (termed set B), which means
· for slot timing values  in the intersection of  set for unicast (termed set A) and  set for multicast (termed set B), based on union of the PDSCH TDRA sets is applied to set C only.
· for slot timing values  in set A but not in set B, Type-1 HARQ-ACK codebook construction is based on PDSCH TDRA set for unicast, and
· for slot timing values  in set B but not in set A, Type-1 HARQ-ACK codebook construction is based on PDSCH TDRA set for multicast. 
· Alt 2: for slot timing values  in the union of  set for unicast and  set for multicast, based on the union of the PDSCH TDRA sets.
· Down select between the 2 alternatives above.



	Nokia, NSB
	We agree with Samsung. We believe that further study is needed for possible size reduction of Type-1 HARQ-ACK codebook. Therefore, there should not be a down-selection.


	Spreadtrum
	Fine with FL’s original proposal or updated proposal

	NTT DOCOMO
	Support

	vivo
	In our view, for Type-1 HARQ-ACK codebook construction for unicast and multicast to be multiplexed in the same PUCCH resource, determining PDSCH reception candidate occasions is based on a set of slot timing values ( termed set C), where the set C is the union of  set for unicast and  set for multicast, 
1) for the slot timing in the intersection of  set for unicast (termed set A) and  set for multicast (termed set B), union of the PDSCH TDRA sets is applied, and
2) for slot timing values  in set A but not in set B, Type-1 HARQ-ACK codebook construction is based on PDSCH TDRA set for unicast, and
for slot timing values  in set B but not in set A, Type-1 HARQ-ACK codebook construction is based on PDSCH TDRA set for multicast. 

	Moderator
	To Nokia, these two alternatives are mutually exclusive, not make sense to support both. Samsung’s comment is whether optimization is needed should be further studied but which could be part of the down-selection discussion. Without Alt 1 for optimization, Alt 2 will be supported by default. 

The improvement from OPPO is fine to me. Let’s look at the following update for comments:
Proposal 2.4.2.2-1-r2
For Type-1 HARQ-ACK codebook construction for unicast and multicast (at least for ACK/NACK based HARQ-ACK feedback) to be multiplexed in the same PUCCH resource, determining PDSCH reception candidate occasions is,:
· Alt 1:
· for slot timing values  in the intersection of  set for unicast (termed set A) and  set for multicast (termed set B), based on union of the PDSCH TDRA sets, 
· for slot timing values  in set A but not in set B, based on PDSCH TDRA set for unicast, and
· for slot timing values  in set B but not in set A, based on PDSCH TDRA set for multicast. 
· Alt 2: for slot timing values  in the union of  set for unicast and  set for multicast, based on the union of the PDSCH TDRA sets.
· Down select between the two alternatives above.


	ZTE
	Ok with the latest proposal from moderator.

	Qualcomm
	So far, RAN1 only agreed the multiplexing of unicast and multicast of HARQ ACK/NACK feedback. The UE common PUCCH is not used in this case. We it is clearer to modify the main bullet as

“For Type-1 HARQ-ACK codebook construction for ACK/NACK-based unicast and multicast  to be multiplexed…”

We are fine with the down-selection in the next meeting.

	NTT DOCOMO
	Support the updated proposal.




FL’s Comments
Thanks to ZTE for the detailed comments for explanation. The proposal drafted in the last round tend to mean Alt2 or Alt 3 since I was thinking actually more about unicast and multicast in one slot. Now I see the progress in AI 8.12.1 regarding the multiplexing of unicast and multicast and possibly more than one multicast corresponding different G-RNTIs in the same slot. It may not be the time for now to conclude this. 
For Nokia’s comments, based on we have agreed union TDRA table which is at least applicable to TDM-ed cases and inclined to not over-specify Type-1 codebook so prefer to not generalize concatenating sub-codebooks for all cases. Given it is still early stage if not late and complicated cases for Type-1 for different multiplexing schemes as ZTE pointed out, it might be better to keep the door open for at least this meeting. Companies are encouraged to bright up details for different cases in the next meeting. 

FL’s Proposal:
Proposal 2.4.2.2-2 (closed)
For Type-1 HARQ-ACK codebook construction for FDM-ed unicast and multicast in the same slot to be multiplexed in the same PUCCH resource, consider the following options
· Opt 1: the HARQ-ACK bits across PDSCH occasions for unicast precedes the HARQ-ACK bits across PDSCH occasions for multicast. 
· Opt 2: the HARQ-ACK bits for unicast precedes the HARQ-ACK bits for multicast for PDSCH occasions within one slot.
· Other options are not precluded.
· FFS for FDM-ed multicast and multicast.

Collect views:
	Company
	Comments 

	Samsung
	Proposal 2.4.2.2-2 should also be postponed as the specifics may depend on the Type-1 codebook generation method. 
 

	ZTE
	We are ok with the direction of this proposal but have some detailed comments as below.
1. Based on last meeting’s agreements, it has been agreed that the union of TDRA tables for unicast and multicast is applied to generate codebook at least for TDM case. In other words, joint codebook is generated for TDM case. If we generate separate codebook for FDM case, there will be two different mechanisms for TDM and FDM case, from both network and UE perspective, it is not preferred. Thus, we also support FL to preclude separate sub-codebook for unicast and multicast for now.
2. Opt.1 is updated to align the format with Opt.2. “one SLIV group where PDSCH occasions are overlapping” is intent to clarify the SLIVs that are overlapping. 

Updated proposal from ZTE:

For Type-1 HARQ-ACK codebook construction for FDM-ed unicast and multicast in the same slot to be multiplexed in the same PUCCH resource, consider the following options
· Opt 1: the HARQ-ACK bits across PDSCH occasions for unicast precedes the HARQ-ACK bits across PDSCH occasions for multicast within one SLIV group where PDSCH occasions are overlapping. 
· Opt 2: the HARQ-ACK bits for unicast precedes the HARQ-ACK bits for multicast for PDSCH occasions within one slot.
· Other options are not precluded.
· FFS for FDM-ed multicast and multicast.



	CMCC
	Support

	Lenovo, Motorola Mobility
	We are OK to ZTE’s modification.

	CATT
	We are OK with the FL’s proposal.

	OPPO
	ok

	Spreadtrum
	We are fine with FL’s proposal. We prefer unified solution for TDM and FDM for joint type-1 codebook generation.

	NTT DOCOMO
	We are generally fine with the proposal. We have the same concern as ZTE.

	Qualcomm
	To repeat our comments, it is not clear whether the unicast and multicast HARQ-ACK bits to be multiplexed here are from same TRP or different TRP, e.g., if configured with same or different CORESETPoolIndex. The different CORESETPoolIndex case should follow the CA frame structure to align with the legacy way. 
Also, it is not clear the intra-slot TDM case. Do we plan to study it separately? 
For study, we suggest to add
· FFS whether the unicast and multicast with same or different CORESETPoolIndex (if configured)
· FFS the TDM-ed unicast and multicast in the same slot




[bookmark: _Ref69805581]Round-5
FL’s Comments
The updated proposals as follows are to reflect some comments.
To Qualcomm’s comment regarding Type-1 codebook, at least the proposal apply to single TRP case. If unicast and multicast are from different TRPs, I would assume the framework of mTRP codebook will be applied. If you have different opinions, we can discuss it further in the next meeting. The earlier agreement of union TDRA sets is exactly addressing the cases of TDM which is not applicable to FDM, so proposal 2.4.2.3-2 focuses on FDMed case as clarified in the main bullet. In additional to union TDRA, if you want to propose different solution for TDM-ed case, which could be discussed separately. 

FL’s Proposal:
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]Proposal 2.4.2.3-1
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 is,:
· Alt 1:
· for slot timing values  in the intersection of  set for unicast (termed set A) and  set for multicast (termed set B), based on union of the PDSCH TDRA sets, 
· for slot timing values  in set A but not in set B, based on PDSCH TDRA set for unicast, and
· for slot timing values  in set B but not in set A, based on PDSCH TDRA set for multicast. 
· Alt 2: for slot timing values  in the union of  set for unicast and  set for multicast, based on the union of the PDSCH TDRA sets.
· Down select between the two alternatives above.

Collect views:
	Company
	Comments 

	ZTE
	OK

	Samsung
	Not support.
Alt. 2 is legacy and mandatory UE operation for Type-1 codebook construction – that is supported by default. 
If there is a reason to also support Alt.1, or any other enhancement, by an optional UE capability, that can be separately discussed once the trade-offs are identified.

	Moderator
	To Samsung’s comment:
We have to select between Alt 1 and Alt 2 which is clearly stated in the last bullet. If alt 1 is not agreed which means Alt 2 will be used by default, which is at least my intention. Any suggestion you have to address your concern? Right now, I am considering to add a note in the end saying “alt 2 will be used by default if Alt 1 is not agreeable”, you think ok?

Proposal 2.4.2.3-1-r1
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 is,:
· Alt 1:
· for slot timing values  in the intersection of  set for unicast (termed set A) and  set for multicast (termed set B), based on union of the PDSCH TDRA sets, 
· for slot timing values  in set A but not in set B, based on PDSCH TDRA set for unicast, and
· for slot timing values  in set B but not in set A, based on PDSCH TDRA set for multicast. 
· Alt 2: for slot timing values  in the union of  set for unicast and  set for multicast, based on the union of the PDSCH TDRA sets.
· Down select between the two alternatives above.
· Note: Alt 2 should be the default alterative if other alternative is not agreeable. 


	OPPO
	Ok with the latest proposal above.

	LG
	We are fine with the updated proposal.

	CATT
	We are not OK with the updated proposal 2.4.2.3-1-r1.  Since there are only two alternative as listed, according to the added note，can I understand the Alt2 should be the default altercative if Alt 1 is not agreeable? If so, we think the previous FL’s vision which without Note is already clear. Thus, we did not see the intention for adding the note.  

	Vivo
	We are not OK with the updated proposal 2.4.2.3-1-r1. Agree with CATT’s comment. In addition, comparing with alt 2, we don’t see any additional implementation complexity, we don’t think an optional UE capability will be needed. In Rel-16, type 1 codebook was agreed at a later stage, and there was less consideration for it. The problem is Alt 1 will unnecessarily increase the codebook size. We are talking about unicast and multicast in Rel-17, if no additional complexity, but advantages, we don’t think we should stick to legacy operation for DCI format 1_1 and 1_2. Note that, even in Rel-16, for DCI 1_1 and DCI 1_2, for the determination of K1 set, union operation is used, which is different from that of DCI 1_0 and DCI 1_1 in Rel-15 (only the K1 set of DCI 1_1 is used).

	CMCC
	Similar view as CATT/vivo, we prefer the original Proposal 2.4.2.3-1. In addition, we also think alt 1 doesn’t need optional UE capability. To address Samsung’s concern, we can add a note in Alt 2.
Proposal 2.4.2.3-1
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 is,:
· Alt 1:
· for slot timing values  in the intersection of  set for unicast (termed set A) and  set for multicast (termed set B), based on union of the PDSCH TDRA sets, 
· for slot timing values  in set A but not in set B, based on PDSCH TDRA set for unicast, and
· for slot timing values  in set B but not in set A, based on PDSCH TDRA set for multicast. 
· Alt 2: for slot timing values  in the union of  set for unicast and  set for multicast, based on the union of the PDSCH TDRA sets. (follow Rel-15/16 Type-1 codebook PDSCH reception candidate occasion determination rule)
· Down select between the two alternatives above.


	MTK
	We have the similar view as CMCC.

	Apple
	We are OK with Proposal 2.4.2.3-1.

	Lenovo, Motorola Mobility
	We are OK with the updated proposal.

	Nokia, NSB.
	We feel the proposal should be further conditionalized for the TDM based multiplexing, as we consider there may be better solutions/alternative for FDM multiplexing of unicast and multicast, as also indicated by FL.  
Our preference of TDMed muxing, is Alt 1. 

	Moderator
	Thanks for the comments and suggestion from CMCC particularly. However, I doubt the update can address Aris’ concern, which to my understanding, is further study is needed to justify the optimization as Alt 1 and by default Alt 2 should be used if other alternative is not agreeable. 
To comment from Nokia, it is always about TDM case because the union TDRA sets only works for TDM, it should be the common understanding. 
Hence, I would still try whether 2.4.2.3-1-r1 can be a compromise. To comments from CATT and vivo, as the note literally states, if alternative 1 is not agreeable so Alt 2 should be the default. If you also agree with this, you should be ok even though essentially it might mean the same thing to you.  To vivo, I don’t want to specifically address the UE complexity issue in the proposal, it could be considered in the down-selection no matter whether you think it makes sense, at least it is debatable right now. 




FL’s Proposal:
[bookmark: OLE_LINK15][bookmark: OLE_LINK16]Proposal 2.4.2.3-2
For Type-1 HARQ-ACK codebook construction for FDM-ed unicast and multicast in the same slot to be multiplexed in the same PUCCH resource, consider the following options
· Opt 1: the HARQ-ACK bits for unicast precedes the HARQ-ACK bits for multicast within one SLIV group where PDSCH occasions are overlapping. 
· Opt 2: the HARQ-ACK bits for unicast precedes the HARQ-ACK bits for multicast for PDSCH occasions within one slot.
· Other options are not precluded.
· FFS for FDM-ed multicast and multicast.


Collect views:
	Company
	Comments 

	ZTE
	OK

	Samsung
	Not support.
FDMed receptions are like CA – legacy operation is that the codebooks are individually constructed and concatenated. That is not captured. Also, there is no apparent motivation for the two options.

	Moderator
	To Samsung’s comment:
 We have the bullet of “other options are not precluded”. You think adding “option 3: the HARQ-ACK bits for unicast is individually generated and concatenated with the HARQ-ACK bits for multicast followed” will help?

Proposal 2.4.2.3-2-r1
For Type-1 HARQ-ACK codebook construction for FDM-ed unicast and multicast in the same slot to be multiplexed in the same PUCCH resource, consider the following options
· Opt 1: the HARQ-ACK bits for unicast precedes the HARQ-ACK bits for multicast within one SLIV group where PDSCH occasions are overlapping. 
· Opt 2: the HARQ-ACK bits for unicast precedes the HARQ-ACK bits for multicast for PDSCH occasions within one slot.
· Opt 3: the HARQ-ACK bits for unicast for “concerned CCs” is generated and concatenated with the HARQ-ACK bits for multicast for “concerned CCs” followed. (This is similar to the joint Type-1 codebook for mTRP).
· Other options are not precluded.
· FFS for FDM-ed multicast and multicast.


	Qualcomm
	Based on the FL’s reply “at least the proposal apply to single TRP case. If unicast and multicast are from different TRPs, I would assume the framework of mTRP codebook will be applied”, 
· We should clearly say it is for the unicast and multicast in the same slot with the same TRP in the main bullet. 
Regarding the FL’s reply “The earlier agreement of union TDRA sets is exactly addressing the cases of TDM…”
· We don’t think the previous agreement can cover the intra-slot TDMed unicast and multicast. If we only consider FDMed case here, do we consider intra-slot TDMed case separately? From our side, we prefer a unified design for unicast and multicast in the same slot, including ‘FDMed’ and ‘intra-slot TDMed’.

We propose the following modification:
Proposal 2.4.2.3-2
For Type-1 HARQ-ACK codebook construction for FDM-ed unicast and multicast in the same slot with the same TRP to be multiplexed in the same PUCCH resource, consider the following options
· Opt 1: the HARQ-ACK bits for unicast precedes the HARQ-ACK bits for multicast within one SLIV group where PDSCH occasions are overlapping. 
· Opt 2: the HARQ-ACK bits for unicast precedes the HARQ-ACK bits for multicast for PDSCH occasions within one slot.
· Other options are not precluded.
· FFS for FDM-ed multicast and multicast in the same slot with the same TRP.


	OPPO
	We prefer the wording in the last round. 


	LG
	We share the same view with Samsung. We think that Option 3 proposed by the moderator is a right way for Type-1 HARQ-ACK codebook construction for FDM-ed unicast and multicast in the same slot to be multiplexed in the same PUCCH resource.

In addition, we are not sure if the previous Option 1 (shown in below) is technically aligned with the newly updated Option 1. We prefer to the previous wording for Option 1.
· Opt 1: the HARQ-ACK bits across PDSCH occasions for unicast precedes the HARQ-ACK bits across PDSCH occasions for multicast. 

	CATT
	We think the Proposal 2.4.2.3-2 is more clear to us. 

	Vivo
	We think the Proposal 2.4.2.3-2 is more clear to us

	CMCC
	Support

	MTK
	We are generally fine with the initial updated proposal in Round-5. Since there are at least 2 options for FDMed unicast and multicast HARQ codebook construction, and down-selection will be performed in next meeting. Considering the meeting progress and diverging views, we suggest that the wording “consider the following options” can be replaced by “further study the following options”.

	Apple
	Same view as LG, the current Option1 is not clear, the option 1 in Proposal 2.4.2.2-2 is preferred.  To us, the below Option1 is the same as proposal Option 3.

Opt 1: the HARQ-ACK bits across PDSCH occasions for unicast precedes the HARQ-ACK bits across PDSCH occasions for multicast.

	Lenovo, Motorola Mobility
	We are OK with the updated proposal from moderator.

	Nokia, NSB.
	We agree with OPPO as we prefer the wording in the last round.  
Alt-1 that is listed by ZTE in Round-3 (see below) response is preferable, which is reflected by Opt-1 of the last round’s wording. Current wording leads to Alt-3 listed by ZTE. 
“Alt.1:  
Step1- Generate a sub-codebook#1 for unicast within all the slots,  
Step2- Generate another sub-codebook#2 for multicast within all the slots,  
Step3- Append the sub-codebook#2 to sub-codebook#1. 
In the following figure, the order of joint codebook should be (A, B, C, D, E, F, G, G)” 


	Moderator
	To all the above comments, the three options basically reflect the three alternatives as ZTE depicted in Round-3 (thanks to ZTE). 

To Qualcomm, confused by Qualcomm’s comment that “-	We don’t think the previous agreement can cover the intra-slot TDMed unicast and multicast” about the union of TDRA sets, then what case do you think the agreement of the union of TDRA sets is trying to solve?

I understand companies have their preference, keeping all these three options is the possible compromise I see for progress.





[bookmark: _Ref62477305]Enh Type-2 / Type 3 HARQ codebook
Submitted Proposals
(vivo) Proposal 8: 
· [bookmark: _Ref61624273]For ACK/NACK based HARQ-ACK feedback, support enhanced type 2 and type 3 HARQ-ACK codebook for RRC_CONNECTED UEs receiving multicast.
(Nokia) Proposal 11: 
· Enhanced Type-2 and Type-3 HARQ-ACK codebooks that target LBT failure problems for Rel-16 Unlicensed Band are not supported for PTM.
(Qualcomm) Proposal 3: 
· For RRC_CONNECTED UEs, also support Type 3 HARQ-ACK codebook for multicast ACK/NACK based HARQ-ACK feedback.
[bookmark: _Toc68642453](Ericsson) Proposal 13: 
· Enhanced Type 2 or Type 3 HARQ-ACK codebooks are not supported for PTM traffic feedback


[bookmark: _Ref62477554]Round-1
FL’s Comments
Only four proposals submitted for this discussion. The survey is as follows:
Enh Type-2: 
· Support: vivo
· Not support: Nokia, Ericsson
Type-3:
· Support: Qualcomm
· Not support: Ericsson

Given limited proposals and diverse views, FL would not suggest proposals at this stage. 

FL’s Proposal:
Proposal 2.4.3.1 (TBD)

Collect views:
	Company
	Comments 

	Nokia, NSB 
	We support the Ericsson proposal.  Note, you can add us to the list of companies who do not support Type-3 codebooks. 
 
Enhanced Type 2 or Type 3 HARQ-ACK codebooks are not supported for PTM traffic feedback 
 
 

	Samsung
	No need for additional codebook types. Neither enhanced Type-2 or Type-3 can possibly outperform Type-2 on non-shared spectrum. Even Type-1 is unnecessary for single-cell operation.

	NTT DOCOMO
	We also prefer to preclude enhanced type-2 and type 3. They are required for unlicensed band, which is not included in this WI scope.




[bookmark: _Ref55035069][bookmark: _Ref69225277]UCI multiplexing/prioritizating
[bookmark: _Ref62477324]Multiplexing/prioritizing
Submitted Proposals
 (Huawei) Proposal 9: 
· For UE supporting multicast, subject to UE capability, UE supports:
· Transmitting up to two PUCCHs with HARQ-ACK information in different symbols within a slot. 
· Sub-slot based PUCCH for HARQ-ACK feedback. 
 (Huawei) Proposal 10: 
· For the cases of HARQ-ACK 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 when the corresponding PUCCH resources overlap in time in a sub-slot. 
 (OPPO) Proposal 3: 
· If PUCCH-config for unicast is used for MBS, HARQ-ACK bits of unicast and MBS with same priority are multiplexed and transmitted in the PUCCH of the same priority level.
(Spreadtrum) Proposal 3:
· Not support multiple non-overlapping PUCCH resources for HARQ-ACK in the same slot.
 (Spreadtrum) Proposal 4:
· Sub-slot based PUCCH transmission for HARQ-ACK is supported.
(ZTE) Proposal 4:
· Regarding the case of non-overlapping PUCCHs resources for HARQ-ACK in the same UL slot.
· HARQ-ACK PUCCH overriding mechanism should be reused for multicast with the same priority.
· if HARQ-ACK PUCCH for unicast and HARQ-ACK PUCCH for multicast are determined in the same UL slot, then they should be multiplexed for the same priority (regardless of whether they overlap in the time domain).
· The multiplexed PUCCH resource is determined based on the PRI in the last DCI corresponding to the unicast HARQ-ACK PUCCH.
· sub-slot based PUCCH transmission for HARQ-ACK is supported.
(ZTE) Proposal 6:
· If the NACK-only feedback mode is supported, RAN1 further discusses the multiplexing method for scenarios where NACK-only PUCCHs overlap.
(ZTE) Proposal 7:
· If the NACK-only feedback mode is supported, RAN1 further discusses the multiplexing method for scenarios where NACK-only PUCCH and other PUCCH/PUSCH overlap.
(vivo) Proposal 9: 
· 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 the case of non-overlapping PUCCHs resources for HARQ-ACK in the same slot, separate transmission of HARQ-ACK PUCCH for unicast and HARQ-ACK PUCCH for multicast is supported.
(CATT) Proposal 15: 
· The multiplexing / prioritizing mechanisms shall subject to UE capability. If UE can’t support multiplexing / prioritizing capability, gNB shall void scheduling PUCCHs overlapping in time domain.
(CATT) Proposal 16: 
· When the priority indicator is introduced for multicast HARQ-ACK feedback, the rules in R16 for unicast can be used on prioritizing/multiplexing of the UCI.
(Nokia) Proposal 14: 
· Multiplexing of HARQ-ACK feedback of same priority and prioritizing of HARQ-ACK feedback of different priorities are supported in case PUCCH transmissions are in the same (sub-)slot, not only when the corresponding PUCCH resources physically overlap.
(Nokia) Proposal 15: 
· UE capabilities on multiplexing / prioritization are discussed at the end of the WI by RAN1 group, given that there may be multiple dependencies with as yet undefined features.
(Nokia) Proposal 16: 
· Rel-15 / 16 handling rules are followed for multiplexing / prioritization of HARQ-ACK with other UL transmissions.
(Nokia) Proposal 17: 
· If for a UE a scheduled group-common PUCCH resource for PTM NACK-only feedback overlaps in time with a UE-specific PUCCH resource for other UCIs or a PUSCH transmission with the same priority, this UE should multiplex the PTM HARQ-ACK feedback with the other UCIs on the UE-specific PUCCH resource or with the PUSCH transmission, by treating NACK-only feedback as a 1-bit ACK / NACK feedback.
(Nokia) Proposal 18: 
· The UE constructs separate HARQ-ACK sub-codebooks using Rel-15 / 16 mechanisms for each MBS service and one sub-codebook for unicast services.
(Nokia) Proposal 19: 
· The UE concatenates the constructed sub-codebooks and sends them in the same PUCCH resource in case their HARQ-ACK feedback is scheduled for the same time instance (slot or sub-slot).
 (Nokia) Proposal 20: 
· When group-common NACK-only HARQ-ACK feedback is used as the HARQ-ACK scheme, in case the UE has UE-specific HARQ-ACK resource for unicast services along with group-common NACK-only resource for PTM, the UE utilizes the UE-specific PUCCH resource by constructing separate HARQ-ACK sub-codebooks, as if ACK / NACK based approach is being used for PTM.
[bookmark: _Hlk61620885](Nokia) Proposal 21: 
· The PHY identification of PDSCH HARQ-ACK to MBS sub-codebook mapping is the group-common RNTI value.
[bookmark: _Hlk68180664] (Nokia) Proposal 22: 
· The UE maps the PDSCH HARQ-ACK of unicast services scrambled with a UE-specific RNTI to the unicast sub-codebook.
[bookmark: _Hlk68180674](Nokia) Proposal 23: 
· The order of concatenation of the sub-codebooks to construct a HARQ-ACK codebook, when the HARQ-ACK feedback of different services are scheduled for the same time instance, follows the increasing or decreasing order of the RNTI values that are used to map PDSCH HARQ-ACK to MBS sub-codebook.
(CMCC) Proposal 1: 
· Support sub-slot based PUCCH transmission for HARQ-ACK for multicast. 
(CMCC) Proposal 2: 
· Not support transmitting two slot based PUCCHs for HARQ-ACK for multicast in a slot.
 (CMCC) Proposal 5: 
· If separate PUCCH(s) is configured for HARQ-ACK for multicast, the PUCCH structure for PUCCH-Config of multicast and unicast HARQ-ACK with the same priority index should be the same. The PUCCH structure for PUCCH-Config for multicast and unicast HARQ-ACK with different priority index can be different.
(CMCC) Proposal 6: 
· When the PUCCH structure for PUCCH-Config of multicast and unicast HARQ-ACK is the same, the PUCCH resource for HARQ-ACK multiplexing is determined based on the last unicast DCI.
(CMCC) Proposal 8: 
· The multiplexing/prioritization rule between the HARQ-ACK for multicast and other UCIs for unicast can reuse Rel-16 multiplexing/prioritization rule between the HARQ-ACK for unicast and other UCIs for unicast.
(CMCC) Proposal 16: 
· If there is a collision between NACK-only feedback PUCCH for multicast and other UCIs, NACK-only feedback PUCCH can be dropped to solve the multiplexing issue.
(Qualcomm) Proposal 2: 
· For multiplexing of ACK/NACK feedback for unicast + multicast, or multicast + multicast
· PUCCH resource is determined by the PRI in the latest DCI of unicast or multicast
· For Type-1 codebook, HARQ-ACK information bits are concatenated by appending multicast after unicast based on X-RNTI (C-RNTI for unicast, G-RNTI1, G-RNTI2… for multicast).
· For Type-2 codebook, the number of HARQ-ACK bit(s) and the bit order for multicast are according to the DAI of DL DCI per multicast G-RNTI.
(Samsung) Proposal 1: 
· When multiplexing unicast HARQ-ACK and MBS HARQ-ACK is not supported/configured, a UE drops MBS HARQ-ACK. 
(Samsung) Proposal 2: 
· When a UE does not support transmission of PUCCH with unicast HARQ-ACK and of PUCCH with MBS HARQ-ACK in a slot, the UE drops the PUCCH with MBS HARQ-ACK. 
(Samsung) Proposal 3: 
· Multiplexing MBS HARQ-ACK and CSI report in a PUCCH resource is enabled by RRC configuration; if not provided, the UE drops the CSI report. 
(Samsung) Proposal 4: 
· Multiplexing MBS HARQ-ACK and SR in a PUCCH resource is default (Rel-15 UE behavior). 
(Lenovo) Proposal 9: 
· HARQ-ACK feedback for PDSCHs scheduled by group-common DCI is multiplexed in one sub-codebook and HARQ-ACK feedback for PDSCHs scheduled by UE-specific DCI is multiplexed in another sub-codebook. 
(Lenovo) Proposal 10: 
· In the HARQ-ACK codebook, HARQ-ACK sub-codebook for PDSCHs scheduled by the group-common DCI is placed at the beginning and followed by HARQ-ACK sub-codebook for PDSCHs scheduled by UE-specific DCI. 
 (NTT DOCOMO) Proposal 7: 
· When HARQ-ACK feedback for unicast and multicast is indicated as transmitted at the same slot/sub-slot, the UE multiplexes HARQ-ACK with same priority regardless whether PUCCH resources are overlapped or not.
(Ericsson) Proposal 15: 
· When multicast and unicast traffic has same priority and their PUCCH resource for HARQ feedback is overlap in time, the HARQ feedback from multicast and unicast traffic can be multiplexed. The PUCCH resource set is determined according to the total number of HARQ feedback bits of both multicast and unicast traffic, and the specific PUCCH resource is determined by the PRI in DCI associated with unicast traffic. 
[bookmark: _Toc68642456](Ericsson) Proposal 16: 
· When PUCCH resource for multicast and unicast is not overlapped in time, if UE UE has capability to transmit more than one PUCCH with HARQ per slot, then UE transmit HARQ feedback for both multicast and unicast traffic. If UE can only transmit one PUCCH with HARQ, multiplex multicast and unicast HARQ feedback into one PUCCH resource if they are configured with same priority. Otherwise, low priority PUCCH is dropped.

[bookmark: _Ref69331658]Round-3
FL’s Proposal:
Proposal 2.5.1.1-1 (closed)
At least for ACK/NACK based HARQ-ACK feedback for RRC_CONNECTED UEs receiving multicast,
· FFS: support sub-slot based PUCCH for multicast subject to UE capability. 
· not support two non-overlapping slot-based PUCCHs for multicast of the same priority in the same slot.
· support two non-overlapping slot-based PUCCHs for multicast and unicast, respectively, with different priorities, in the same slot.
· FFS support of two non-overlapping slot-based PUCCHs for multicast and unicast, respectively, with the same priority, in the same slot. 

Collect views:
	Company
	Comments 

	Ericsson
	We think this proposal could be redundant with Proposal 2.4.1.3. 


	Samsung 
	Support – it does relate to 2.4.1.3 but there is no conflict. 

	ZTE
	From our perspective, the first bullet and third bullet is OK. But we have concerns for the second and forth bullet for now. With the current specification, UE is allowed to transmit two PUCCHs within the same slot only if UE supports MTRP. If this is the intention here, we would prefer to add “if UE supports MTRP” for the second and forth bullet. Otherwise, we would prefer to make these two bullets as FFS.

	CMCC
	Similar comment as ZTE

	Nokia, NSB
	Support

	vivo
	Similar comment as ZTE.

	Lenovo, Motorola Mobility
	Share same view with ZTE.


	Qualcomm
	What about the case “two non-overlapping slot-based PUCCHs for multicast and multicast, respectively, with different priorities, in the same slot”?

	CATT
	Similar comment as ZTE.

	OPPO
	Support.

	LG
	Similar comment as ZTE.





Proposal 2.5.1.1-2 (closed)
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,
· for the case of sub-slot based PUCCH is configured for both unicast and multicast (if supported) when the corresponding PUCCH resources overlap in time in a sub-slot, 
· support multiplexing for the same priority
· define dropping rules for different priorities. 
· FFS: UE is not expected to be configured with the following cases:
· slot-based PUCCH for unicast and sub-slot based PUCCH for multicast (if supported)
· slot-based PUCCH for multicast and sub-slot based PUCCH for unicast

Collect views:
	Company
	Comments 

	Samsung
	No need for any agreement now.
First, a need to support sub-slot based HARQ-ACK reporting need to be identified

	CMCC
	As the comment in previous round, how to define “in a sub-slot” if the sub-slot length is different between unicast and multicast?

	Lenovo, Motorola Mobility
	Share same view with Samsung and CMCC.

	CATT
	Prefer to further study the proposal.

	OPPO
	Suggest to defer the proposal.

	LG
	We prefer to defer this proposal.



Proposal 2.5.1.1-3 (closed)
For multiplexing the HARQ-ACK feedback for multicast and unicast, determining the PUCCH resources for transmission is based on 
· the PRI indicated in the last received DCI. 
· [bookmark: OLE_LINK30][bookmark: OLE_LINK31]Details of the last received DCI
              

Collect views:
	Company
	Comments 

	Samsung
	Do not support. 
If the last DCI is for multicast, the proposal does not work. The last DCI has to be the unicast one.

	ZTE
	Similar view as Samsung. If the last DCI is group-common DCI, it’s difficult to split different UE’s PUCCH into different slots and different PUCCH resources.

	CMCC
	We also support last unicast DCI.

	Nokia, NSB
	Last received DCI needs clarification. 

	Vivo
	We also support last unicast DCI.

	Lenovo, Motorola Mobility
	We also support last unicast DCI.

	Qualcomm
	Have concern on the “last received DCI”. Is it from UE point of view? How does gNB know which is the last received DCI?
If replacing ‘last DCI’ by ‘last unicast DCI’, we are not sure of how to solve codebook ambiguity if the last DCI is not a unicast DCI, e.g., last unicast DCI is transmitted before the last multicast DCI, and the last multicast DCI is missing. 
Maybe we should defer the proposal for more discussion. 

	CATT
	We are OK with current proposal. We prefer to further study the details of the last DCI.  

	OPPO
	We support the proposal. 
Even the last DCI is multicast, as we already agreed that it is up to network to configure orthogonal PUCCH resources among UEs within the same group, PUCCH resources among UEs can be split. 
If unicast DCI is used but it is not the last one, as gNB cannot predict if there is multicast transmission later when it transmitted the last unicast, the indicated PUCCH resource in the last unicast DCI may not be applicable anymore.

	LG
	This issue seems too detailed to be decided at this meeting. We should make some decision on high-level aspects before diving into such details. We prefer to defer this proposal for the time being.



[bookmark: _Ref69567552]Round-4
FL’s Comments
URLLC agreed to have two slot-based non-overlapping PUCCH transmitted in the same slot with different priorities. mTRP agreed to have two non-overlapping PUCCH without mentioning priorities. URLLC agreed to support sub-slot based PUCCH. UE capabilities are also defined for such features in Rel-16. 
What we are talking about for multicast in this proposal is actually whether UEs supporting multicast support this feature from specification perspective, how UE capability is defined/assumed could be discussed in UE feature in my understanding. The proposal is updated accordingly to reflect the intention more accurately. 

FL’s Proposal:
Proposal 2.5.1.2-1 (closed)
At least for ACK/NACK based HARQ-ACK feedback for RRC_CONNECTED Ues receiving multicast, the following feature is/are supported in specification:
· FFS: support sub-slot based PUCCH for multicast 
· support two non-overlapping slot-based PUCCHs for multicast of the same priority in the same slot.
· support two non-overlapping slot-based PUCCHs for multicast and unicast, respectively, with different priorities, in the same slot.
· support of two non-overlapping slot-based PUCCHs for multicast and unicast, respectively, with the same priority, in the same slot. 
· Note: UE capability will be separately discussed.

Collect views:
	Company
	Comments 

	Samsung
	OK with the proposal.
The proposal can be simplified as: 
“support two non-overlapping slot-based PUCCHs in the same slot, where one PUCCH is for multicast and the other PUCCH is either for multicast or for unicast”

	ZTE
	From our understanding, the above proposal may cause unnecessary confusion. For example, for the second bullet, does it mean even if UE doesn’t support MTRP, it still has to support two non-overlapping slot-based PUCCHs for multicast of the same priority in the same slot?

We are not convinced that the proposal is needed for now. We need to first discuss the relationship between MTRP and multicast.

We can compromise to the following for now.

Updated proposal from ZTE:

At least for ACK/NACK based HARQ-ACK feedback for RRC_CONNECTED Ues receiving multicast, further study the following the following feature is/are supported in specification:
· FFS: support sub-slot based PUCCH for multicast 
· support two non-overlapping slot-based PUCCHs for multicast of the same priority in the same slot.
· support two non-overlapping slot-based PUCCHs for multicast and unicast, respectively, with different priorities, in the same slot.
· support of two non-overlapping slot-based PUCCHs for multicast and unicast, respectively, with the same priority, in the same slot. 
· Note: UE capability will be separately discussed.



	CMCC
	Ok.

	Lenovo, Motorola Mobility
	We support the modification from ZTE.

	CATT
	Ok with ZTE’s version.

	Moderator
	The update exactly reflected the intention of the proposal, support the following features in specification in the main bullet, and capability is a separate issue/discussion. To me, support of two non-overlapping slot-based PUCCH for multicast or even sub-slot based PUCCH does not necessarily need UE supports mTRP/URLLC, as said, they are UE capability issues that can be discussed later. What we can discuss at this state is whether the features in sub-bullets are beneficial or useful to UE supporting multicast. 

Agreeing FFS a main bullet means nothing to me actually, because anything can be further studied even without this proposal/agreement. 

Separating all these sub-bullets was because companies may have different views support/not support for each sub-bullet. 

Please companies comment directly what your concern is for supporting each sub-bullet. 

	OPPO
	ok

	Nokia, NSB
	Ok

	Spreadtrum
	Not support.

For the second bullet, it should be delayed. Until now we only assume one G-RNTI is supported by UE. There is no justified reason to support two non-overlapped slot-based PUCCH resources in a slot for multicast, especially consider PUCCH overhead for multicast. 
We would like to clarify that the motivation for M-TRP to introduce non-overlapped PUCCH resources in a slot when HARQ-ACK feedback mode is ‘separated, is to ensure the efficiency for each TRP when the backhaul between TRPs is non-ideal. But we don’t understand why here to support two non-overlapping slot-based PUCCHs for multicast of the same priority in the same slot with one G-RNTI.
For the third and the forth bullet, it seems to be related to proposal 2.4.1.2. Suggest to delay it.

	NTT DOCOMO
	Not support. We don’t support two non-overlapping PUCCHs with the same priority in the same slot. We don’t see clear use case of it for MBS. We believe that a single TRP mechanism is sufficient to support multicast transmission. And it will complicate HARQ-ACK feedback mechanism, as we wrote in our contribution (R1-2103595).

	Vivo
	For the second bullet, we have similar concern as ZTE. If UE doesn’t support MTRP, there is no need to support two non-overlapping slot-based PUCCHs for multicast of the same priority in the same slot. If it is supported, it will have larger impact on HARQ-ACK feedback procedure, for example, following the current spec, UE will construct one HARQ-ACK codebook and determine one PUCCH in a slot, but if two non-overlapped PUCCH is supported, UE will construct two HARQ-ACK codebooks and determine two PUCCHs, how to split the HARQ-ACK bits into two HARQ-ACK codebooks will need to be considered. 

	Moderator
	If the second sub-bullet is concerned, it could be FFS. 
To Spreadtrum,
The third and the forth sub-bullets does not necessarily to be tied to proposal 2.4.1.2 closely, which focus on whether/how UE is configured to generate two separate codebooks. I do not deny there is possible relation, but tying all things together does not help to move forward. We have to find a way out!

Le’t try the following update:
Proposal 2.5.1.2-1-r1
At least for ACK/NACK based HARQ-ACK feedback for RRC_CONNECTED Ues receiving multicast, the following feature is/are supported in specification:
· FFS: support sub-slot based PUCCH for multicast 
· FFS: support two non-overlapping slot-based PUCCHs for multicast of the same priority in the same slot.
· support two non-overlapping slot-based PUCCHs for multicast and unicast, respectively, with different priorities, in the same slot.
· support of two non-overlapping slot-based PUCCHs for multicast and unicast, respectively, with the same priority, in the same slot. 
· Note: UE capability will be separately discussed.


	ZTE
	Thanks for the updated proposal from moderator. For the last bullet, we would suggest to make it as FFS because we are not sure how it is interacted with MTRP. For example, if UE supports MTP for unicast, together with the last bullet, does it mean UE will support up to 3 non-overlapping slot-based PUCCHs for multicast and unicast, i.e., 1 for multicast, 2 for unicast from different TRPs? More discussion is needed.

	Qualcomm
	Different multicast may have different priorities. We suggest to add
FFS: support two non-overlapping slot-based PUCCHs for multicast and multicast, respectively, with different priorities, in the same slot.

For the main bullet, we prefer to delete “the following feature is/are supported in specification”.

	NTT DOCOMO
	We don’t support the 2nd and the 4th sub-bullet because they will have large implementation impact. PUCCH resources for multicast and unicast can overlap. After two codebooks are constructed and PUCCH resources are selected, two codebooks are multiplexed if the PUCCH resources overlap. In that case, the codebook reconstruction and PUCCH resource reselection are needed. It will complicate whole UCI transmission procedure, not only HARQ-ACK feedback. We suggest to make the 4th sub-bullet as FFS.




FL’s Comment:
For Samsung/ZTE comment, UE will eventually use UE-specific PUCCH for the codebook transmission even though PRI is indicated in the group-common DCI if it is the last DCI. It is fair enough to agree on the last DCI because it is actually what has been supported for unicast and FFS the last DCI is unicast or multicast or could be either one depending on the scheduling. To LGE’s comment, this issue has to be solved and the proposal is quick generic and high-level enough, which also tried to reflect Qualcomm’s comment on the “received”. It should be agreeable hopefully. 

FL’s Proposal:
Proposal 2.5.1.2-3 (closed)
For multiplexing the HARQ-ACK feedback for multicast and unicast, determining the PUCCH resources for transmission is based on 
· the PRI indicated in the last DCI. 
· Details of the last DCI
              

Collect views:
	Company
	Comments 

	Samsung
	Do not support. It is basically the same proposal as before.
As previously commented, it cannot be the “last DCI”. If the “Details of the last DCI” intends to leave matters open, there is no need to have the proposal because it does not add anything.

If the last DCI is multicast, the PUCCH resource is UE-common. That is effectively same as not having PRI in unicast DCIs. That is also effectively same as saying there is no closed-loop power control for unicast PUCCH, etc. …   

	ZTE
	Thanks for the updated proposal. We haven’t reached agreements for “UE will eventually use UE-specific PUCCH for the codebook transmission even though PRI is indicated in the group-common DCI if it is the last DCI.”. 
For now, we would prefer to update the proposal for now.

Updated proposal from ZTE:

For multiplexing the HARQ-ACK feedback for multicast and unicast, determining the PUCCH resources for transmission is based on the PRI indicated in the “last DCI”, down-select the following alternatives.
Alt.1: “last DCI” refers to last DCI for unicast;
Alt.2: “last DCI” refers to the last DCI across unicast and multicast;


	CMCC
	Support ZTE’s version.

	Lenovo, Motorola Mobility
	We support last unicast DCI as explained by Samsung.

	CATT
	We support FL’s proposal, and the detail of the last DCI can be discussion in the next meeting.

	Moderator
	I’m a bit confused by the comments regarding UE-specific or UE common PUCCH resources. We earlier tried the proposal that the PRI/K1 mapping to UE specific value but realized that this mapping has no difference from what UE normally does for the unicast so no need to agree on that proposal, not persuing that proposal is not because there is potential possibility of using UE common PUCCH for the codebook transmission, at least this is my understanding. 

ZTE’s modification has no essential difference so I can be ok, but still confused how ZTE’s modification addressed the UE common PUCCH issue….

	OPPO
	Support the proposal. According to the following agreement made in the last meeting, we share the understanding that UE-specific PUCCH is indicated by group-common DCI.



Agreement:
For RRC_CONNECTED UEs receiving multicast, support the following:
· ACK/NACK based HARQ-ACK feedback for multicast, 
· It is up to network to configure orthogonal PUCCH resources among UEs within the same group. 
· FFS: NACK-only based HARQ-ACK feedback for multicast, 
· It is up to network to configure the PUCCH resources and the PUCCH resources can be shared among UEs within the same group. 
· FFS details. 


	Spreadtrum
	Generally we are fine with FL’s proposal

	NTT DOCOMO
	Support

	vivo
	We support last unicast DCI. Agree with Samsung, if the last DCI is group-common, the closed-loop power control needs to be considered. ZTE’s modification is clearer to do down select of the last DCI.

	Moderator
	Thanks to OPPO for pointing out the agreement. If whether ACK/NACK and NACK-only is meant in the main bullet caused the confusion, we can try the following update: 
Proposal 2.5.1.2-3-r1
For multiplexing the HARQ-ACK feedback for multicast (at least for ACK/NACK based HARQ-ACK feedback) and unicast, determining the PUCCH resources for transmission is based on the PRI indicated in the “last DCI”, where the “last DCI” refers to, down-select the following alternatives:
· Alt.1: the last DCI for unicast;
· Alt.2: the last DCI across unicast and multicast;


	ZTE
	Support the updated moderator proposal.

	Qualcomm
	So far, RAN1 only agreed the multiplexing of unicast and multicast of HARQ ACK/NACK feedback. The UE common PUCCH is not used in this case. We it is clearer to modify the main bullet as

“For multiplexing the ACK/NACK based HARQ-ACK feedback for multicast  and unicast, …”

	NTT DOCOMO
	Support the updated proposal.



[bookmark: _Ref69806036]Round-5
FL’s Comments
To Qualcomm’s comment regarding “deleting the following feature is/are supported in specification”, I’d like to keep it at this stage from moderator’s perspective, because people may think whether support may depend on whether support mTRP/URLLC. At least, we should focus on whether such features are useful/beneficial for UE support multicast and keep capability discussion separate. 
Some companies may support some but others may support other sub-bullets. If we cannot converge to support at least one feature as numerated in sub-bullets, I tend to not spend much time on agreeing on this proposal with FFS in the main bullet. Companies can further study anyway whatever that has not been agreed. 
Let’s try whether the following can be agreeable. 

FL’s Proposal:
Proposal 2.5.1.3-1 
At least for ACK/NACK based HARQ-ACK feedback for RRC_CONNECTED Ues receiving multicast, the following feature is/are supported in specification:
· FFS: support sub-slot based PUCCH for multicast 
· FFS: support two non-overlapping slot-based PUCCHs for multicast of the same priority in the same slot.
· FFS: support two non-overlapping slot-based PUCCHs for multicast with different priorities in the same slot.
· support two non-overlapping slot-based PUCCHs for multicast and unicast, respectively, with different priorities, in the same slot.
· FFS: support of two non-overlapping slot-based PUCCHs for multicast and unicast, respectively, with the same priority, in the same slot. 
· Note: UE capability will be separately discussed.


Collect views:
	Company
	Comments 

	ZTE
	OK

	Spreadtrum
	For the fourth bullet, now we still have not seen the necessary to support it. In Rel-16, for single TRP case where eMBB and URLLC with different priority coexist, two non-overlapping slot-based PUCCHs in the same slot is not supported. There is no strong reason that we should support it for MBS.

	Moderator
	I have to give up this proposal unfortunately for this meeting, and this can be further discussed in the next meeting. 

	NTT DOCOMO
	Support

	vivo
	ok

	Lenovo, Motorola Mobility
	We are OK to delay this proposal.





FL’s Proposal:
Proposal 2.5.1.3-3
For multiplexing the ACK/NACK-based HARQ-ACK feedback for multicast and unicast, determining the PUCCH resources for transmission is based on the PRI indicated in the “last DCI”, where the “last DCI” refers to, down-select the following alternatives:
· Alt.1: the last DCI for unicast;
· Alt.2: the last DCI across unicast and multicast;


Collect views:
	Company
	Comments 

	ZTE
	OK

	Samsung
	OK with the proposal

	NTT DOCOMO
	Support

	OPPO
	ok

	LG
	We can live with the updated proposal.

	CATT
	Agree. 

	vivo
	ok

	CMCC
	Support

	Lenovo, Motorola Mobility
	We are OK with the updated proposal.

	Nokia, NSB.
	Support





[bookmark: _Ref55060575]  Enable/disable HARQ-ACK feedback
Submitted Proposals
(Huawei) Proposal 8: 
· Support group-common DCI indicating enabling/disabling HARQ-ACK feedback.
(OPPO) Proposal 10: 
· For HARQ feedback enabling/disabling, only Option 3 is supported.
· if RRC signalling does not configure the function, HARQ feedback is disabled in default;
· if RRC signalling configures the function, 2 bits in DCI are used to indicate whether/which HARQ feedback is enabled;
· (Spreadtrum) Proposal 9: 
· At least RRC signaling is used to indicate enabling/disabling HARQ-ACK feedback for RRC_CONNECTED UE receiving multicast.
· (Spreadtrum) Proposal 10: 
· Not support enabling/disabling HARQ-ACK feedback by MAC-CE. 
(ZTE) Proposal 9: 
· Regarding enabling/disabling HARQ-ACK feedback for MBS, option 2, 3 and 4 are supported together
· Option 2: RRC indicates enabling/disabling
· Option 3: RRC configures the enabling/ disabling function and DCI indicates enabling /disabling
· Option 4: MAC-CE indicates enabling/disabling
· (vivo) Proposal 2: 
· For enabling/disabling HARQ-ACK feedback for RRC_CONNECTED UE receiving multicast, RRC indicates enabling/disabling (i.e. option 2) is supported.
· (CATT) Proposal 1: 
· When RRC signaling does not configure the function, enabling the HARQ-ACK feedback is the default mode.
· (CATT) Proposal 2: 
· Supporting Option 3 to indicate enabling/disabling,  1 extra bit indication in DCI or a special state index of k1/PRI can be the candidate schemes.
· [bookmark: _Hlk68180802] (Nokia) Proposal 30: 
· RRC-based enabling / disabling (Option 2) of HARQ-ACK feedback is used for MBS and Option 3 is not supported.
· (Nokia) Proposal 31: 
· If use cases that require dynamic enabling / disabling are found, MAC-CE is preferred over the methods proposed in Option 3.
· (MediaTek) Proposal 4: 
· RRC signalling configures the enabling/disabling function of DCI indicating the enabling /disabling HARQ-ACK feedback is supported for multicast services.
· [bookmark: _Ref68526066](MediaTek) Proposal 5: 
· Disabling the feedback is as the default mode if the RRC signalling doesn’t configure the HARQ feedback function.
· (FUTUREWEI) Proposal 4:
· Support option 3 for enabling/disabling HARQ-ACK feedback.
· (ETRI) Proposal 3:
· For enabling/disabling HARQ-ACK feedback for RRC_CONNECTED UE receiving multicast, RRC signalling configuration for the enabling/ disabling function of DCI indicating the enabling /disabling HARQ-ACK feedback is supported.
· (CMCC) Proposal 17: 
· Option 2 and Option 3 can be supported for enabling/disabling HARQ-ACK feedback for multicast.
· (CMCC) Proposal 18: 
· For Option 2, RRC can indicate enabling/disabling per UE. For Option 3, RRC can configure enabling/disabling HARQ-ACK feedback function per service, DCI can indicate enabling/disabling of HARQ-ACK feedback per group.
· [bookmark: _Hlk54277017](Intel) Proposal 3: 
· For NR MBS, Option 3 can be supported where if RRC configures enabling and disabling of HARQ, the default mode is HARQ ON if no DCI indication is provided.
· (Apple) Proposal 4: 
· HARQ-ACK feedback is only enabled or disabled by RRC signaling for PTM scheme 1.
· (Qualcomm) Proposal 4: 
· For RRC_CONNECTED UEs, HARQ-ACK feedback can be enabled/disabled by RRC signaling.
· The configuration of HARQ-ACK feedback can be configured for a given G-RNTI (corresponding to a service) or for a UE receiving a service.
· (Samsung) Proposal 5: 
· Support enabling/disabling of HARQ-ACK reports for MBS PDSCH by UE-specific RRC. For Type-2 HARQ-ACK codebook, consider to also enable/disable HARQ-ACK reports by DCI scheduling MBS PDSCH.
· (LGE) Proposal 5: 
· Support both Option 2 and/or 3 for enabling/disabling HARQ-ACK feedback. Which option is used is up to gNB configuration.
· (Convida) Proposal 2: 
· For MBS HARQ-ACK feedback enabling/disabling, option 3 (i.e., RRC configures the enabling/ disabling function and DCI indicates enabling /disabling) is supported.
· (Lenovo) Proposal 7: 
· For enabling/disabling HARQ-ACK feedback for RRC_CONNECTED UEs receiving multicast, RRC signaling configures a non-numerical value in the K1 set and PDSCH-to-HARQ_timing indicator in the DCI indicates a numerical value or the non-numerical value for enabling or disabling the HARQ-ACK feedback.
(NTT DOCOMO) Proposal 6: 
· Support both Option 2 and Option 3 for enabling/disabling HARQ-ACK feedback for multicast.
· Introduce an RRC parameter with 3 states {enabled, disabled, dynamic}.
· When ‘enabled’, HARQ-ACK is enabled.
· When ‘disabled’, HARQ-ACK is disabled.
· When ‘dynamic’, if PRI is zero and PDSCH-to-HARQ feedback timing indicator is zero, HARQ-ACK feedback is disabled. Otherwise, HARQ-ACK feedback is enabled.
· (Ericsson) Proposal 7: 
· Enabling/disabling HARQ-ACK feedback for MBS is supported by both RRC configuration and MAC CE. 
· (Ericsson) Proposal 8: 
· If enabling/disabling HARQ-ACK feedback for MBS is supported by MAC CE, the MAC CE message shall include a PUCCH resource indicator so that the UE knows which PUCCH resource to use. The mapping between PUCCH resource indicator and PUCCH resource is RRC configured.

[bookmark: _Ref69221533]Round-2
FL’s Comments
The updated proposal aims to clarify the purpose of down-selection later and address how the UE-specific signalling is going to be like which could be FFS. 

FL’s Proposal:
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. 

Collect views:
	Company
	Comments 

	Lenovo, Motorola Mobility
	This proposal is not clear to us. 
What does it mean “If the function is NOT configured, HARQ-ACK feedback is ON/OFF”? What does it mean “if the function is configured, HARQ-ACK feedback is OFF in Alt 1? 

	Samsung
	How is the proposal different from/advancing the current state?

	Ericsson
	We also think the proposal is unclear. 
As a basis, we propose that enable/disable of HARQ-ACK is RRC configured with one of the following:
· HARQ ACK/NACK or no HARQ feedback (if NACK-only is not supported)
· HARQ ACK/NACK, NACK-only, or no HARQ feedback (if NACK-only is supported).
This is sufficient for “infrequent” changes of HARQ-ACK state. For more frequent changes we propose that UEs may be RRC configured to support enable/disable and PUCCH resource reconfiguration via (UE-specific) MAC-CE. We do not see any use case for DCI-based enable/disable. We would like to ask proponents of DCI-based enable/disable to describe the intended use case for this.


	Convida
	This proposal is still not clear to us and we have the following questions.
· What does ‘FSS’ mean in the first sub-bullet? Do you mean ‘FFS’? 
· What is the intention for Alt1? Why is HARQ feedback disabled (OFF) when the enabling/disabling function is configured? What is the use case for it?
· If Alt1 is the HARQ feedback is always OFF, then in the first sub-bullet ‘If the function is NOT configured, HARQ-ACK feedback is ON/OFF (FSS)’, the HARQ feedback can be only always On, right? Otherwise, how is the HARQ feedback enabled and disabled? What is the intention to have ON/OFF here? Some further clarification would be appreciated.


	Qualcomm
	The enabling/disabling HARQ-ACK feedback is only applied to multicast RRC_CONN UEs, not applicable to broadcast for IDLE/INACTIVE. So no need FFS in the first subbullet and should be
· If the function is NOT configured, HARQ-ACK feedback is ON/OFF (FSS)

	Spreadtrum
	We are not clear with the first bullet. For the second bullet we prefer Alt.1 for simplicity.  

	OPPO
	Seems the proposal does preclude any possibility.

	CATT
	The updated proposal is not clear for us. 
We understand the intention of this proposal is try to combine Option 2 and Option 3 which discussed in last meeting. But the meaning of ‘the function’ in this proposal should be clarified.  Dose ‘the function’ means the enabling/disabling function which same as the last related agreement mentioned? Also, we do not understand ‘ON/OFF (FSS)’ in the first sub-bullet. In our understanding, if the function is not configured, the default mode is enabling (i.e. ON), as shown in the last proposal. 

	ZTE
	The current proposal is not clear to us as commented by many other companies. We would prefer to resolve these FFSs before we jump into any agreements.

	NTT DOCOMO
	We interpreted ‘ON/OFF(FFS)’ in first sub-bullet as follows.
· If Alt1 is selected, HARQ-ACK feedback should be ON when the function is not configured. Otherwise, HARQ-ACK feedback is always OFF.
· If Alt2 is selected, the default behaviour is something to consider.
That’s why the default behavior is ‘ON/OFF(FFS)’

We think that it will be beneficial to dynamically indicate HARQ-ACK feedback ON/OFF to minimize PUCCH overhead when providing multiple MBS services with different QoS levels.

	Nokia, NSB
	Share the same views as Ericsson and also want proponents of the DCI-based configuration method to clarify the intended use cases.

	Apple
	The issue was discussed in several meetings. Including all alternatives doesn’t help, down-selection can be performed. We prefer Alt.1.

	vivo
	The updated proposal is not clear for us. The meaning of ‘the function’ needs to be clarified.

	MTK
	The wording of “function” is needed to further clarify. HARQ ACK enabling/disabling dynamically indication by DCI is benefit, especially when repetition is configured, it doesn’t need to feedback each slot’s ACK/NACK.

	CATT
	The DCI indication is more dynamical than the RRC configuration. When the number of multicast UEs increases, group-common DCI indicates disabling HARQ-ACK feedback of a group of UEs to reduce PUCCH overhead.

	LG
	The current proposal is not clear to us as commented by many other companies. We wonder if we need down-selection because different options may have different use cases.



[bookmark: _Ref69576698]Round-3
FL’s Proposal:
Proposal 2.6.2 (TBD)

Collect views:
	Company
	Comments 

	
	

	
	






[bookmark: _Ref68715332]HARQ-ACK feedback for multicast SPS
Submitted Proposals
(Spreadtrum) Proposal 1:
· For PUCCH carrying HARQ-ACK information corresponding to SPS group-common PDSCH reception and SPS release, the priority is configured by RRC signalling.
 (ZTE) Proposal 11: 
· Regarding HARQ-ACK feedback for SPS-based MBS transmission, if NACK-only feedback is configured
· The NACK-only feedback mode applies to ‘PDSCH without scheduling PDCCH’ only
· The feedback mode for ‘PDSCH with scheduling PDCCH’ can be, 
· Option 1: fixed to ACK/NACK feedback
· Option 2: follow the configuration of feedback mode for DG-PDSCH
· FFS: the feedback mode for deactivation PDCCH
· (Google) Proposal 1: 
· If NACK-only based HARQ-ACK feedback is supported, consider following methods to secure the reception of a SPS activation command
· Option 1: It is based on base station implementation. (e.g. sending multiple activation commands)
· Option 2: In response to the reception of a SPS activation command in a group-common PUCCH, the UE reports an ACK on a UE-specific PUCCH resource.
· NACK-only based HARQ-ACK feedback is applied to SPS PDSCH.
· Option 3: Utilize unicast uplink resources (e.g. MAC CE or RRC) to report ACK of the reception of the SPS activation command.
· Detailed signalling design is up to RAN2.
· (Google) Proposal 2: 
· If NACK-only based HARQ-ACK feedback is supported, consider following methods to secure the reception of a SPS deactivation command
· Option 1: It is based on base station implementation. (e.g. sending multiple deactivation commands)
· Option 2: In response to the reception of a SPS deactivation command in a group-common PUCCH, the UE reports an ACK on a UE-specific PUCCH resource.
· NACK-only based HARQ-ACK feedback is applied to SPS PDSCH.
· Option 3: Utilize unicast uplink resources (e.g. MAC CE or RRC) to report ACK of the reception of a SPS deactivation command.
· Detailed signalling design is up to RAN2.
· Option 4: Introducing SPS configuration inactive timer/counter. 
· Detailed signalling design is up to RAN2.
(Nokia) Proposal 32:
· Both ACK / NACK and NACK-only based HARQ-ACK feedback schemes are supported also in case of SPS.
(Nokia) Proposal 33:
· Enhancements to SPS activation / deactivation mechanisms are needed to have reliable SPS grant in case of NACK-only feedback is used, in particular a mechanism for the gNB to be certain that all UEs have received the SPS grant would be desirable.
(Nokia) Proposal 34:
· For NACK-only HARQ operation a mechanism should be used, in which UEs are made aware via RRC signalling that SPS might be used for an MBS and request retransmission of an SPS activation PDCCH only if they have not received it in a certain amount of time.
(Nokia) Proposal 35:
· While gNBs can send SPS deactivation commands, that are in NACK-only mode not acknowledged by UEs, UEs can assume that SPS has been deactivated if they have not been able to decode a PDSCH for a certain period of time.
(Nokia) Proposal 36:
· In NACK-only HARQ operation, a method is supported for UEs to check with the gNB whether an SPS (re-)activation has been sent by the gNB but missed by the UE. Options include:
· (a) Option 1: Using a group-common uplink resource
· (b) Option 2: Using UE-specific signalling (MAC-CE or RRC message)
· (c) Other methods are not precluded.
(FUTUREWEI) Proposal 3:
· Developing the SPS configuration for MBS should use the current specified SPS configuration as a baseline.
(Qualcomm) Proposal 6: 
· For ACK/NACK-based feedback of RRC_CONNECTED UEs receiving SPS GC-PDSCH, 
· UE can be optionally configured a separate SPS-PUCCH-AN-List for all SPS GC-PDSCH configurations. 
· Otherwise, a common SPS-PUCCH-AN-List applies to all SPS PDSCH and SPS GC-PDSCH configurations.
(LGE) Proposal 17: 
· For group common SPS, both group common NACK only based HARQ-ACK and UE specific ACK/NACK based HARQ-ACK are supported.
(LGE) Proposal 18: 
· For group common SPS, at least UE specific confirmation to group common SPS release can be supported by PUCCH A/N.
(LGE) Proposal 19: 
· For group common SPS activation/deactivation to multiple UEs in a group, (de)activation DCI can be repeated on multiple CORESETs with same TCI state or different TCI states.
 (Convida) Proposal 5: 
· Both ACK/NACK based HARQ-ACK feedback and NACK-only based HARQ-ACK feedback should be considered for MBS SPS PDSCH. 
(Convida) Proposal 6: 
· Consider to support HARQ-ACK feedback for MBS SPS activation DCI and deactivation DCI. 
 (Lenovo) Proposal 12: 
· It is up to gNB to allocate the total SPS configurations between multicast and unicast.
(Lenovo) Proposal 13: 
· For group-common SPS configuration, a UE-specific PUCCH resource is configured for each UE to transmit ACK upon reception of activation/deactivation DCI.
(Lenovo) Proposal 14: 
· For group-common SPS configuration, the UE-specific PUCCH resource for confirming reception of activation/deactivation DCI is also used for the UE to transmit ACK for the SPS PDSCH.

[bookmark: _Ref68890526]Round-1
FL’s Comments
There are quite a lot of proposals for HARQ-ACK feedback for SPS multicast. However, most proposals talk about the HARQ-ACK feedback option as well as the detailed issues for supporting NACK-only based option for SPS multicast. FL assesses it would be more efficient to focus on the HARQ-ACK feedback options for dynamic scheduling first and see how to proceed the discussion for SPS multicast later. Regarding the SPS configuration, it might be discussed in AI 8.12.1.
For AI 8.12.2, the first-step issue we can discuss the priority and PUCCH resources indication for SPS multicast, for which SPS unicast precedent can be referred to. 

FL’s Proposal:
Proposal 2.7.1 (closed)
For HARQ-ACK feedback for SPS multicast, UE-specific RRC signaling configures
· the HARQ-ACK codebook index. 
· PUCCH resources ID. 

Collect views:
	Company
	Comments 

	Lenovo, Motorola Mobility
	(1) We don’t understand why HARQ-ACK codebook index is configured. 
(2) How many PUCCH resources are configured?

	ZTE
	Regarding the last bullet, we believe some more clarification is needed. Currently, 4 PUCCH resources can be configured for SPS for unicast, where each PUCCH resource corresponds to a particular bits range of HARQ-ACK bits. In the above proposal, do we plan to reuse the same mechanism? If yes, then maybe it is better to further clarify this a little bit.

	CMCC
	More clarification on HARQ-ACK codebook index, does it mean the priority index?

	CATT
	The intention of this proposal is not clear to us. We share the same concerns with ZTE/CMCC, more clarification is needed. 

	Nokia, NSB
	Support the proposal

	OPPO
	For the first sub-bullet, we do not understand what HARQ-ACK codebook index is, maybe more clarification is needed.
For the second sub-bullet, seems it is for the indication of PUCCH resource for HARQ-feedback of SPS multicast, basically we think mechanism in unicast SPS can be reused. 

	Samsung
	The proposal is unclear.

	Apple
	The proposal needs more clarifications.

	Qualcomm
	The current proposal is not clear. 
We think the ACK/NACK-based for SPS GC-PDSCH could be similar as legacy unicast SPS PDSCH, but using a separate SPS-PUCCH-AN-List. 

	FUTUREWEI
	The proposal appears to use the existing SPS configuration as a baseline for MBS. But it may need clarification which PUCCH-AN list is being indexed.

	Spreadtrum
	The current proposal needs some clarifications.

	vivo
	Similar view with ZTE. Multiple multicast SPS is supported. and a PUCCH resource list for multicast SPS similar as that for unicast SPS is needed.

	NTT DOCOMO
	We are fine with FL’s proposal.




[bookmark: _Ref69222080]Round-2
FL’s Comments
The intention was to follow the precedent of SPS-config for SPS unicast, where the HARQ-ACK codebook index indicates the HARQ-ACK codebook index for the corresponding HARQ-ACK codebook for SPS PDSCH and ACK for SPS PDSCH release. Also, the PUCCH resources ID is indicated in a specific SPS-config configuration with actual PUCCH resource configured in PUCCH-config.

FL’s Proposal:
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

Collect views:
	Company
	Comments 

	Lenovo, Motorola Mobility
	This proposal is not clear to us. 
We don’t know why HARQ-ACK codebook index is needed. 

	Samsung
	OK in principle but why can’t the proposal be what was mentioned in the FL comments (i.e. SPS-config for multicast is as SPS-config for unicast for the HARQ-ACK codebook index and the PUCCH resources).

	Ericsson
	We agree with the other comments that the proposal could be more detailed. It seems the intention is to use unicast sps-config as a baseline.  If so, we propose to either include the other fields from SPS-config in the proposal, or update the proposal to say that the discussion on the UE-specific RRC signaling for multicast SPS configuration uses the RRC configuration SPS-config as a baseline. 
 

	Qualcomm
	If similar as unicast configuration, SPS-PUCCH-AN-List can be configured jointly for all the multicast SPS-Configs in a CFR, separate from that for all the SPS-Configs for unicast. 

	FUTUREWEI2
	OK in principle

	CMCC
	Ok in principle

	OPPO
	ok

	CATT
	Fine with this proposal. 

	ZTE
	We are not sure about the intention about the FFS here. Do we want to introduce some new mechanisms for PUCCH resources ID here? It is preferred to reuse the current unicast SPS mechanism.

	NTT DOCOMO
	We are fine with the proposal.

	Nokia, NSB
	OK

	Apple
	Ok in principle

	Spreadtrum
	We are not clear about the FFS in the second bullet. If multiple MBS SPS PDSCHs are supported, we prefer to use SPS-PUCCH-AN-List for multicast SPS PDSCHs instead of PUCCH resources ID mentioned in the second bullet.

	vivo
	The second sub-bullet is not clear to us.
It seems the intention of the proposal is to reuse the configuration way of HARQ-ACK codebook index and PUCCH resource for unicast SPS to multicast SPS. For unicast SPS, for each SPS-config, it includes n1PUCCH-AN, harq-CodebookID-r16. If multiple unicast SPS is configured, gNB will configure SPS-PUCCH-AN-List-r16 in PUCCH-config rather than SPS-config. 

	MTK
	We are fine with the proposal.



[bookmark: _Ref55061738]Retransmission
Submitted Proposals
(CATT) Proposal 20: 
· When PTM scheme 1 is used as initial transmission, retransmission scheme supports PTM scheme 1 and PTP.
(CATT) Proposal 21: 
· CBG based PTP retransmission can be supported in multicast retransmission when a UE is configured with CBG transmission for unicast.
(Nokia) Proposal 11: 
· CBG-based (re-)transmissions are not supported for PTM (re-)transmissions.
[bookmark: _Ref68526068](MediaTek) Proposal 6: 
· PTM scheme 1 or PTP retransmission is supported for ACK/NACK based HARQ feedback mechanism.
(MediaTek) Proposal 7: 
· [bookmark: _Ref68526069]PTM scheme 1 retransmission is supported for NACK-only based HARQ feedback mechanism.
(Intel) Proposal 9: 
· For ACK/NACK based HARQ operation, support UE specific CBG based retransmission. Other advanced retransmission schemes are not precluded.
· (Convida) Proposal 3: 
· For retransmission, option 3 (i.e., both option 1 and option 2) is supported. 
· (Convida) Proposal 4: 
· PTM transmission scheme 2 should be supported for MBS retransmission. 
(Lenovo) Proposal 15: 
· For SPS PDSCH transmission in PTM manner in initial transmission, PTP based retransmission is supported.
[bookmark: _Ref68890564]Round-1	
FL’s Comments
At this moment, we only have PTM scheme 1 and ACK/NACK based HARQ-ACK feedback being agreed. Also, PTM scheme1 and PTP used for retransmission for initial transmission of PTM scheme 1 has also been agreed in AI 8.12.1. 
FL does not see necessary proposal to proceed at this moment for AI 8.12.2.

FL’s Proposal:
Proposal 2.8.1 (TBD)

Collect views:
	Company
	Comments 

	
	

	
	





[bookmark: _Ref55062546]PDSCH repetition
Submitted Proposals
[bookmark: _Ref54015726](vivo) Proposal 1: 
· For PDSCH repetition of group-common PDSCH, if a UE can be configured with multiple g-RNTIs,
· The PDSCH aggregation factors for group-common PDSCHs with different g-RNITs should be separately configured.
 (Nokia) Proposal 26: 
· [bookmark: _Hlk68180708]For Config A, pdsch-AggregationFactor is per MBS service.
(Qualcomm) Proposal 5: 
· Support semi-static and dynamic slot-level repetition for SPS GC-PDSCH for RRC_CONN UEs receiving multicast.
· Repetition configuration for SPS GC-PDSCH can be different than that of dynamic GC-PDSCH.
(LGE) Proposal 15: 
· For a group common SPS configuration, UE can be optionally configured with either pdsch-AggregationFactor or TDRA table with repetitionNumber as part of the TDRA table. 
(LGE) Proposal 16: 
· Discuss whether different TCI states can be configured for group common SPS received by different UE, e.g. different slots of group common SPS PDSCH repetitions or different SPS configurations can be associated to different TCI states for the same group of UEs. 

[bookmark: _Ref68890604]Round-1
FL’s Comments
Per FL’s assessment, the proposals submitted for this issues either depend on the number of multicast service UE supports which would be better to be discusses in AI 8.12.1, or are interested by only a couple of companies.  
FL would suggest it could be discussed later at an appropriate time. 

FL’s Proposal:
Proposal 3.1 (TBD)


Collect views:
	Company
	Comments 

	
	




[bookmark: _Ref55063163]CSI feedback
Submitted Proposals
(ZTE) Proposal 12: 
· UE supports reporting multiple candidate {CQI, PMI, RI} sets in one CSI report for MBS
 (ZTE) Proposal 13: 
· RAN1 further discusses the issues on CSI subband determination for MBS transmission
· If common frequency resource is defined as an MBS frequency region within the unicast BWP, mechanism to align different UE’s CSI subband size is needed.
· If common frequency resource is defined as an MBS BWP, no additional mechanism is needed (i.e., just reusing the previous MBS mechanism). 
· (CATT) Proposal 22: 
· CSI feedback enhancement for MBS can be further studied and discussed but with low priority.
(Nokia) Proposal 27: 
· When using NACK-only based HARQ-ACK feedback along with CSI reporting, CQI measurements are done based on actual (time-averaged) BLER measurements at the UEs, rather than (instantaneous) CSI-RS based measurements.
(Nokia) Proposal 28: 
· New compact CSI report formats are defined for multicast transmission, where only a CQI or CQI along with an RI can be reported, and these formats are used in CSI reporting when NACK-only based HARQ-ACK feedback on group-common PUCCH resources is used.
[bookmark: _Hlk68180774](Nokia) Proposal 29: 
· The configuration for CQI reporting for PTM is extended to include not only the reliability target but also the number of HARQ transmissions per transport block after which the reliability target should be met.
(Qualcomm) Proposal 7: 
· For RRC_CONNNECTED UES, configure the CSI-RS resource per MBS CFR.
· CSI-RS bandwidth is limited within the MBS CFR.
· CSI-RS power is associated with GC-PDSCH power.
(Qualcomm) Proposal 8: 
· Support GC-PDCCH to trigger A-CSI-RS transmission in MBS CFR.
(Qualcomm) Proposal 9: 
· For RRC_CONNECTED UEs, support beam management for multicast assisted by unicast connection.
(Qualcomm) Proposal 10: 
· Consider SRS configuration for CSI measurement of multicast transmission in MBS CFR.
(Samsung) Proposal 7: 
· Support triggering of CSI reports by DCI scheduling MBS PDSCH or by MAC CE in MBS PDSCH.  
[bookmark: _Toc68642457](Ericsson) Proposal 17: 
· Group-common PDCCH can be used to trigger aperiodic CSI-RS transmission across multiple UEs of the same MBS group 

[bookmark: _Ref68890691]Round-1
FL’s Comments
Before diving into diverse different detailed proposals, one common high-level issues brought up by a few companies can be a starting point for the discussion, i.e., whether the group-common DCI for PTM scheme 1 scheduling can be used for A-CSI report triggering. 

FL’s Proposal:
Proposal 4.1 
For RRC_CONNECTED UEs receiving multicast, support group-common DCI for PTM scheme 1 scheduling
· indicating A-CSI report triggering
· 	FFS: details. 

Collect views:
	ZTE
	This proposal seems to suggest to use DL DCI to trigger A-CSI report. It seems that triggering A-CSI via DL DCI is being discussing under URLLC session now. We would suggest to wait for URLLC outcome before we decide whether to support this in MBS session.

	CMCC
	Not support.
From our perspective, gNB can re-use Rel-15/16 A-CSI triggering framework, this topic is not very critical to be discussed. 

	LG
	We do not support this proposal.

	CATT
	The use cases of A-CSI are not clear to us. So we are open for this proposal.

	Nokia, NSB
	We support the proposal, but with the added FFS: 
 
FFS  Schemes to trigger CSI using UE specific DCI

	OPPO
	It is not clear for us why a new A-CSI triggering scheme is needed for MBS.

	Samsung
	Support the proposal – a same functionality exists since Rel-15 for SRS triggering. 
If the proposal is not supported, how a UE without unicast traffic can provide CSI reports should be described (assuming there is no ‘always-on’ CSI-RS for each multicast service that may have different transmission points).

	Qualcomm
	We support this proposal. 
The GC-PDCCH to trigger the reporting based on a common A-CSI-RS is more important for multicast case. No need to wait for URLLC outcome.

	Spreadtrum
	The motivation of introducing a new A-CSI triggering scheme is not clear for us. 

	Convida
	The motivation and the urgency of this proposal is not clear to us. We suggest to treat CSI enhancement for MBS as low priority. 

	vivo
	Same view with ZTE.

	MTK
	We have the similar view with Convida.




Other miscellaneous proposals
Submitted Proposals
(OPPO) Proposal 11: 
· For a UE receiving group-common PDSCH transmitted with PTM scheme 1 a TPC-PUCCH-RNTI different from that for unicast should be configured.
(CATT) Proposal 18: 
· To support multi-beam transmission in MBS, gNB can transmit same MBS data on all SSB beams.
(CATT) Proposal 19: 
· UE can receive MBS data from neighbor SSB-beam, and the soft-combination is used to improve the reliability of MBS receptions.
[bookmark: _Ref61292216](MediaTek) Proposal 8: 
· The total HARQ process number (e.g., 16) is unchanged for UE receiving unicast and multicast service.
[bookmark: _Ref61195435](MediaTek) Proposal 9: 
· Independent HARQ process is allocated at gNB to PTM and PTP for downlink multicast transmission.
[bookmark: _Ref61195437](MediaTek) Proposal 10: 
· A combined HARQ process is allocated at UE to receive the data from both PTM and PTP HARQ process.
[bookmark: _Ref68163219](MediaTek) Proposal 11: 
· The total HARQ process number defined in Rel-15/16 (e.g., 16) is unchanged for UE receiving unicast and multicast service. 
[bookmark: _Ref68163440](MediaTek) Proposal 12: 
· The maximum HARQ process used for MBS is up to network implementation.
[bookmark: _Ref68163223](MediaTek) Proposal 13 
· The HARQ process ID indicated in DCI for PTP retransmission is kept the same value with corresponding PTM scheme 1 initial transmission.
(FUTUREWEI) Proposal 1:
· For the same service, all RRC_CONNECTED UEs receiving multicast are configured with the same MCS table.
(FUTUREWEI) Proposal 2:
· For MBS, FBRM should be used to improve performance for small sized TBs.
(Intel) Proposal 2: 
· For the case when unicast and MBS PDSCH partially overlap in time on different PRBs, out-of-order HARQ feedback may be supported wherein the HARQ feedback corresponding to the PDSCH ending earlier in time may be transmitted after the HARQ feedback for the PDSCH ending later in time
(Intel) Proposal 7: 
· For NR MBS, no additional HARQ processes are defined and MBS shares HARQ process ID with unicast i.e., the total of 16 HARQ processes is unchanged.


FL’s Comments
Other miscellaneous proposals listed in this section might be discussed in AI 8.12.1, e.g., HARQ process management and related issues. 

Collect views:
	Company
	Comments 

	
	

	
	




Proposals for GTW

Proposal 2.5.1.3-3
For multiplexing the ACK/NACK-based HARQ-ACK feedback for multicast and unicast, determining the PUCCH resources for transmission is based on the PRI indicated in the “last DCI”, where the “last DCI” refers to, down-select the following alternatives:
· Alt.1: the last DCI for unicast;
· Alt.2: the last DCI across unicast and multicast;


Proposal 2.4.2.3-1-r1
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 is,:
· Alt 1:
· for slot timing values  in the intersection of  set for unicast (termed set A) and  set for multicast (termed set B), based on union of the PDSCH TDRA sets, 
· for slot timing values  in set A but not in set B, based on PDSCH TDRA set for unicast, and
· for slot timing values  in set B but not in set A, based on PDSCH TDRA set for multicast. 
· Alt 2: for slot timing values  in the union of  set for unicast and  set for multicast, based on the union of the PDSCH TDRA sets.
· Down select between the two alternatives above.
· [bookmark: _GoBack]Note: Alt 2 should be the default alterative if Alt 1 is not agreeable. 

Proposal 2.4.2.3-2-r1
For Type-1 HARQ-ACK codebook construction for FDM-ed unicast and multicast in the same slot with the same TRP to be multiplexed in the same PUCCH resource, consider the following options
· Opt 1: the HARQ-ACK bits for unicast precedes the HARQ-ACK bits for multicast within one SLIV group where PDSCH occasions are overlapping. 
· Opt 2: the HARQ-ACK bits for unicast precedes the HARQ-ACK bits for multicast for PDSCH occasions within one slot.
· Opt 3: the HARQ-ACK bits for unicast for “concerned CCs” is generated and concatenated with the HARQ-ACK bits for multicast for “concerned CCs” followed. (This is similar to the joint Type-1 codebook for mTRP).
· Other options are not precluded.
· FFS for FDM-ed multicast and multicast.
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Appendix Agreements summary for AI 8.12.2
102e
Agreements:
For RRC_CONNECTED UEs, HARQ-ACK feedback is supported for multicast and no additional evaluation is needed to justify this.
· FFS: The detailed HARQ-ACK feedback solutions, e.g., ACK/NACK based, NACK-only based.
· FFS: HARQ-ACK feedback can be optionally disabled and/or enabled.
Agreements:
· For RRC_CONNECTED UEs, at least support slot-level repetition for group-common PDSCH. 
· FFS: whether enhancement is needed
Agreements:
· For RRC_CONNECTED UEs, existing CSI feedback can be used for multicast transmission.
· FFS: whether enhancement is needed 

103e
Agreements:
For RRC_CONNECTED UEs receiving multicast, at least for PTM scheme 1, support at least one of the following:
· ACK/NACK based HARQ-ACK feedback for multicast, 
· From per UE perspective, UE feedback ACK or NACK. 
· From UEs within the group perspective, 
· FFS: PUCCH resource configuration for ACK/NACK feedback e.g., shared or separate PUCCH resources. 
· FFS details including conditions for it to be used
· NACK-only based HARQ-ACK feedback for multicast, 
· From per UE perspective, UE only feedback NACK. 
· From UEs within the group perspective, further down-select between:
· FFS: PUCCH resource configuration for NACK only feedback. 
· FFS details including conditions for it to be used
· To decide in RAN1#104-e whether or not to support only one or both of the above schemes
· If both are supported, FFS configuration/selection of ACK/NACK-based and NACK-only based HARQ-ACK feedback 

Agreements:
For RRC_CONNECTED UEs receiving multicast, for ACK/NACK based HARQ-ACK feedback if supported for group-common PDCCH scheduling, PUCCH resource configuration for HARQ-ACK feedback from per UE perspective is, down-select one of the following options:
· Option 1: shared with PUCCH resource configuration for HARQ-ACK feedback for unicast
· Option 2: separate from PUCCH resource configuration for HARQ-ACK feedback for unicast
· Option 3: Option 1 or option 2 based on configuration

Agreements:
For RRC_CONNECTED UEs receiving multicast, for NACK-only based HARQ-ACK feedback if supported for group-common PDCCH scheduling, PUCCH resource configuration for HARQ-ACK feedback from per UE perspective is separate from PUCCH resource configuration for HARQ-ACK feedback for unicast. 
· FFS PUCCH format

Agreements:
Enabling/disabling HARQ-ACK feedback for MBS is supported, further down-select between:
· Option 1: DCI
· Option 2: RRC configures enabling/disabling
· Option 3: RRC configures the enabling/ disabling function and DCI indicates enabling /disabling
· FFS: Option 4: MAC-CE indicates enabling/disabling
· FFS: Option 5: RRC configures the enabling/ disabling function and MAC-CE indicates enabling /disabling

Agreements:
For slot-level repetition for group-common PDSCH of RRC_CONNECTED UEs, for indicating the repetition number, further down-select among:
· Opt 1: by DCI
· Opt 2: by RRC
· Opt 3: by RRC+DCI
· FFS: Opt 4: by MAC-CE
· FFS: Opt 5: by RRC+MAC-CE
· FFS details for each option. 
· FFS further enhancements for configuration of slot-level repetition

Agreements:
From the perspective of RRC_CONNECTED UEs receiving multicast, at least for PTM scheme 1 initial transmission, retransmission supports, for the purpose of down-selection, options are:
· Option 1: group-common PDCCH scheduled group-common PDSCH
· Option 2: UE-specific PDCCH scheduled PDSCH
· Alt 1: PDSCH is UE-specific PDSCH
· Alt 2: PDSCH is group-common PDSCH
· Option 3: both option 1 and option 2
· FFS other options
· FFS CBG based retransmission

Agreements:
FFS whether CSI feedback enhancement is needed for MBS, including but not limited:
· New CQI measurement
· New CSI report formats
· Targeted BLER
· CSI-RS configuration
· A-CSI-RS transmission triggering
· SRS configuration

Agreements:
For ACK/NACK based HARQ-ACK feedback if supported, both Type-1 and Type-2 HARQ-ACK codebook are supported for RRC_CONNECTED UEs receiving multicast, 
· FFS details of HARQ-ACK codebook design. 
· FFS whether enhanced Type-2 and/or Type-3 HARQ-ACK codebook is supported or not.

104e
Agreement:
For ACK/NACK based feedback if supported for RRC_CONNECTED UEs receiving multicast, UE can be optionally configured a separate PUCCH-Config for multicast. Otherwise, PUCCH-Config for unicast applies. 

Agreement:
The priority for HARQ-ACK feedback for RRC_CONNECTED UE receiving multicast can be, 
· Lower, higher than or equal to the HARQ-ACK feedback for unicast
· FFS: How to reflect the priority in specification, e.g., whether it is configured or indicated to the UE
· [bookmark: OLE_LINK3]FFS: The total number of priorities across multicast and unicast
· FFS the priority between HARQ-ACK feedback for multicast and other UCI for unicast (SR, CSI) or PUSCH for unicast. 

Agreement:
For ACK/NACK based feedback if supported for multicast, for Type-2 HARQ-ACK feedback construction for PTM scheme 1, 
· DAI for unicast and DAI for multicast are separately counted. 
· Concatenation of Type-2 HARQ-ACK codebook for unicast and multicast is supported. 
· [bookmark: OLE_LINK37][bookmark: OLE_LINK38]FFS details on   the codebooks. 
· FFS whether to support concatenating more than one Type-2 HARQ-ACK codebook for multicast. 

Agreement:
For RRC_CONNECTED UEs receiving multicast, support the following:
· ACK/NACK based HARQ-ACK feedback for multicast, 
· It is up to network to configure orthogonal PUCCH resources among UEs within the same group. 
· FFS: NACK-only based HARQ-ACK feedback for multicast, 
· It is up to network to configure the PUCCH resources and the PUCCH resources can be shared among UEs within the same group. 
· FFS details. 

Agreement:
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. 

Agreement:
[bookmark: OLE_LINK5]For ACK/NACK based feedback if supported for multicast, construction of Type-1 HARQ-ACK codebook based on the union of the PDSCH TDRA sets of the unicast service and the multicast service (if they are separately configured), at least of the same priority, is supported
· FFS details of Type-1 HARQ-ACK codebook construction for FDM-ed unicast and multicast. 
· FFS details of Type-1 HARQ-ACK codebook construction for FDM-ed multicast and multicast if supported. 
· FFS: whether/how to optimize the Type-1 codebook construction to reduce the HARQ-ACK feedback payload size. 

[bookmark: _Hlk63422390]Agreement:
[bookmark: _Hlk63422353]For enabling/disabling HARQ-ACK feedback for RRC_CONNECTED UE receiving multicast, 
· Option 3: RRC signalling configures the enabling/ disabling function of DCI indicating the enabling /disabling HARQ-ACK feedback.
· If RRC signalling configures the function, DCI indicates (explicitly or implicitly) whether HARQ-ACK feedback is enabled/disabled 
· FFS details on RRC signalling and DCI indicating. 
· If RRC signalling does not configure the function, DCI does not indicate enabling/disabling the HARQ-ACK feedback.
· FFS whether enabling or disabling the feedback is the default mode. 
· Option 2: RRC indicates enabling/disabling.
· FFS: whether down-selection between option 3 and option 2 is needed or support the both options. 
· FFS: enabling/disabling by MAC-CE.

Agreement:
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.
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