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[bookmark: _Ref45896452]Introduction
[bookmark: _Hlk525462591]5G Broadcast evolution in RAN was discussed at RAN #78 and RAN #80, summarizing the technical attributes of terrestrial broadcast and mixed mode multicast, leading to a recommendation to proceed with a study on terrestrial broadcast in Rel-16, while leaving the standardization of mixed mode multicast / broadcast to further releases [1]. No broadcast / multicast feature support is specified in the first two NR releases, i.e., Rel-15 and Rel-16. Nevertheless, according to Rel-17 WID on the support of NR Multicast and Broadcast Services [1], there are important use cases for which broadcast / multicast could provide substantial improvements, especially in regard to system efficiency and user experience. 

The Rel-17 WID includes two RAN1 lead objectives to: 
· Specify a group scheduling mechanism to allow UEs to receive Broadcast / Multicast service [RAN1, RAN2].
· This objective includes specifying necessary enhancements that are required to enable simultaneous operation with unicast reception.
· Specify required changes to improve reliability of Broadcast / Multicast service, e.g. by UL feedback. The level of reliability should be based on the requirements of the application / service provided. [RAN1, RAN2]

Discussions on the MBS WID have been made since several RAN1 meetings, and agreements were made regarding reliability improvements [2][3][4][5][6][7][8][9]. 
In this document, we provide explanations, observations, proposals for the open issues and items left FFS.
In section 2, we discuss open issues regarding NACK-only based HARQ-ACK feedback mechanism. In addition, we express our perspective on HARQ-ACK codebook design, prioritization, and multiplexing. Moreover, we provide our view on the details of HARQ-ACK feedback for SPS.
In section 3, we conclude the document by presenting the summary of the main ideas. 

[bookmark: _Hlk525462634][bookmark: _Hlk4137067][bookmark: _Hlk520894743][bookmark: _Hlk7596973]Improvements on Reliability Mechanisms for Multicast Transmission 
[bookmark: _Ref53344354]Detailed HARQ-ACK Feedback Solutions
[bookmark: _Ref68107973][bookmark: _Ref70678579][bookmark: _Ref54190956]NACK-only based HARQ-ACK feedback on group-common PUCCH resources 
In our view, still there are some agreements needed for NACK-only feedback similar to the ones made for ACK / NACK feedback. The corresponding proposals are provided in this document.
Observation 1: A set of agreements to complete the functional specification for the NACK-only feedback is presented in this document.
The following was proposed regarding the configuration of the PUCCH-config(s) for NACK-only feedback without any ensuing agreements:
Proposal  3.3.2
For the separate PUCCH-Config/ PUCCH-ConfigurationList configured to UE for NACK-only based feedback, 
· 1 PUCCH resource set in each PUCCH-Config.
· up to [16] PUCCH resources in each PUCCH resource set
· Note: the separate PUCCH-Config/PUCCH-ConfigurationList applies to all configured G-RNTIs configured with NACK-only based feedback. 

In our view, 32 PUCCH resources, instead of 16 PUCCH resources should be configured (as in case of resource set 0 in the current specifications). There is no reason to change the current specifications and limit the configuration to 16. 

The reason why the proposal is made with 16 was that the initial proposal on multiplexing more than one NACK-only feedback included the mapping of 16 different ACK / NACK combinations to 16 orthogonal PUCCH resources. Even if that behaviour gets agreed, it applies only in case there are multiple NACK-only feedback available in a slot. When there is no such situation, i.e., only one NACK-only to be transmitted, keeping 32 PUCCH resource options to select from would keep the scheduling flexibility that the gNB currently has and minimizes the spec impact. 
	
Observation 2: When there is no multiplexing and no more than one NACK-only feedback required, i.e., only one NACK-only to be transmitted in a slot, keeping 32 PUCCH resource options to select from would keep the scheduling flexibility that the gNB currently has and minimizes the spec impact.  

Proposal 1: For the separate PUCCH-Config/PUCCH-ConfigurationList configured to UE for NACK-only based feedback: 
· 1 PUCCH resource set in each PUCCH-Config,
· up to 32 PUCCH resources in each PUCCH resource set are configured.
· Note: the separate PUCCH-Config/PUCCH-ConfigurationList applies to all configured G-RNTIs configured with NACK-only based feedback. 

PUCCH capacity limitation of NACK-only HARQ-ACK feedback
Regarding the capacity problem of NACK-only feedback, the following proposal, which itself is a compromise between previously discussed two options, was further discussed in the last meeting:
Proposal  3.2.5-r1: 
· When more than one NACK-only feedback are available for transmission in the same PUCCH slot for a given G-RNTI,
· define up to [A] orthogonal PUCCH resources to select from according to combinations of up to [B] TBs with NACK-only feedback, 
· for more than [B] TBs with NACK-only feedback, NACK-only feedback is transformed into ACK/NACK based, i.e., the UE reports HARQ-ACK as in Rel-16 if the UE is provided UE-specific PUCCH resources. Otherwise, the UE does not report HARQ-ACK.
· FFS: Which PUCCH resources UE uses.
· FFS: values of A and B. 
· FFS: UE is not expected to transmit more than one NACK-only feedback corresponding to different G-RNTIs in the same PUCCH slot.
 
As we have observed from the analysis made by the FL during the last meeting for A=16 and B=4 (e.g., Round-3 of e-mail discussions), since different UEs may receive different combination of MBS services (different G-RNTIs), it would be hard to ensure a valid mapping between PUCCH resources to ACK / NACK combinations for all UEs, considering the PUCCH resources would be group-common, i.e., always the same number of TBs and the same TB combinations should be scheduled to different UEs that are to be transmitted in the same PUCCH slot. That would indeed require all the UEs receive the same G-RNTIs. If that is not the case, then the gNB should ensure that UEs receiving different G-RNTIs are scheduled for feedback in different slots. It was observed that there are companies who cannot agree with this limitation.
In our view, Alt. 1 (where the above first sub-bullet is removed, i.e., A=B=0) is a simple solution, however, we also agree that it is against the fundamental purpose of the NACK-only based HARQ-ACK feedback. In the light of the above observations, we propose a compromise solution where A and B are kept small, e.g., A = 4, B = 2, and the mapping configurations are made per G-RNTI. In addition, if TBs of different G-RNTIs are to be ACK / NACK-ed in the same slot, Alt. 1 shall be used. If this compromise solution is not acceptable, RAN1 should directly follow the simpler option, Alt. 1. 
Proposal 2: When more than one NACK-only feedback are available for transmission in the same PUCCH slot for a given G-RNTI:
· define up to 4 orthogonal PUCCH resources to select from according to combinations of up to 2 TBs with NACK-only feedback, 
· for more than 2 TBs with NACK-only feedback and for more than 1 TB related with more than 1 G-RNTI, all NACK-only feedback are transformed into ACK / NACK based feedback, i.e., the UE reports HARQ-ACK as in Rel-16 if the UE is provided UE-specific PUCCH resources. Otherwise, the UE does not report HARQ-ACK.
· FFS: Which PUCCH resources UE uses.

In case of more than 1 TB related with more than 1 G-RNTI, to transmit the multiplexed HARQ-ACK feedback, the UE should be configured with specific PUCCH resource(s) that is / are distinct from NACK-only resources. If such kind of PUCCH resource(s) is / are not configured to transmit multiplexed HARQ feedback, since different UEs may be receiving different MBS services, this would increase the complexity of the gNB scheduling orthogonal resources for the multiplexed HARQ feedback, i.e., the last PRI in the DCIs cannot be used for all the UEs to select an optimal PUCCH resource to transmit a multiplexed HARQ-ACK feedback (which can include HARQ feedback of different MBSs at each UE). 

Observation 3: In case of more than 1 TB related with more than 1 G-RNTI, since different UEs may be receiving different MBS services, it would introduce high complexity to the gNB to schedule orthogonal resources for the multiplexed HARQ feedback, i.e., the last PRI in the DCIs cannot be used for all the UEs to select an optimal PUCCH resource to transmit a multiplexed HARQ-ACK feedback (which can include HARQ feedback of different MBSs at each UE). 

In addition, NACK-only PUCCH-config would only include PUCCH resources of type 0 and 1 that do not allow the UE to transmit more than 2 feedback bits. Therefore, for more than 2 TBs with NACK-only feedback and for more than 1 TB related with more than 1 G-RNTI PUCCH, PUCCH resource(s) that are dedicated to multiplexed NACK-only feedback should be configured UE (in a pre-configured manner, such as RRC signalling). Those resources can be located within the NACK-only or unicast PUCCH-config.

Proposal 3: For more than B = 2 TBs with NACK-only feedback and for more than 1 TB related with more than 1 G-RNTI, the UE is configured by RRC signalling with specific dedicated PUCCH resource(s) that the UE utilizes to transmit multiplexed NACK-only bits, rather than selecting the PUCCH resource based on the PRI field of the last DCI.
· Dedicated PUCCH resource(s) can be configured within the NACK-only or unicast PUCCH-config.

Figure 1 illustrates the necessary change needed in the NACK-only PUCCH-config.
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[bookmark: _Ref83635605]Figure 1 Example PUCCH-config for NACK-only without / with PUCCH resource for multiplexed feedback.
Moreover, after converting the NACK-only bits to ACK / NACK, concatenation can be based on the PUCCH resource IDs that are originally scheduled for NACK-only feedback. Compared to G-RNTI based concatenation method of ACK / NACK, the mechanism would introduce less complexity to the UE, since the HARQ bits need not to be mapped to RNTIs.
Proposal 4: For more than B = 2 TBs with NACK-only feedback and for more than 1 TB related with more than 1 G-RNTI, concatenation of the converted NACK-only bits is based on the ascending order of PUCCH resource IDs that are originally scheduled for NACK-only feedback.

[bookmark: _Ref68104776]HARQ-ACK Codebook / Multiplexing / Prioritization 
Prioritization / Multiplexing of NACK-only feedback with other transmissions
Regarding multiplexing NACK-only feedback with SR, the following proposal was made in the last meeting:
Proposal  3.1.5
When PUCCH transmission for the NACK-only based feedback for multicast collides with PUCCH transmissions for SR for the same priority, support [Alt1] from the following alternatives:
1.     Alt1: up to two TBs of NACK-only feedback is transformed into ACK/NACK HARQ bits and is multiplexed with SR as legacy procedure as Rel-15/16.
· PUCCH resources configured for unicast will be used in concerned cases subject to legacy procedure as Rel-15/16. 
· For the case of more than two TBs of NACK-only, [FFS: SR] is dropped.
2.    Alt2:
· for positive SR, NACK-only is transmitted on the PUCCH resource configured for SR; 
· If the PUCCH resource for SR cannot accommodate multiplexed UCI (e.g., in case of multiple NACK-only bits are multiplexed with SR), [FFS: SR] is dropped.
· for negative SR, NACK-only feedback is transmitted on the PUCCH resource configured for NACK-only.
 
To keep the legacy behavior as much as possible, Alt. 1 shall be followed. In case of more than two TBs of NACK-only, SR can be dropped, since there will anyway be more opportunities for SR in the next slots. In our view, the same dedicated PUCCH resource(s) to transmit multiplexed NACK-only feedback proposed in Section 2.1.1.1 can be used also for Alt. 1. 
Proposal 5: When PUCCH transmission for the NACK-only based feedback for multicast collides with PUCC-H transmissions for SR for the same priority, support Alt1 from the following alternatives:
1.     Alt1: up to two TBs of NACK-only feedback is transformed into ACK / NACK HARQ bits and is multiplexed with SR.
· The UE uses the same UE-specific PUCCH resources that the UE is configured by RRC signalling to transmit multiplexed NACK-only bits, i.e., the scenario for more than B = 2 TBs in the corresponding proposal. 
· For the case of more than two TBs of NACK-only, SR is dropped.
2.    Alt2:
· for positive SR, NACK-only is transmitted on the PUCCH resource configured for SR; 
· If the PUCCH resource for SR cannot accommodate multiplexed UCI (e.g., in case of multiple NACK-only bits are multiplexed with SR), [FFS: SR] is dropped.
· for negative SR, NACK-only feedback is transmitted on the PUCCH resource configured for NACK-only.

Moreover, the previous agreements do not cover the case when NACK-only feedback for one MBS overlaps in time with ACK / NACK feedback for another MBS. In our view, the agreement can easily be enhanced to cover that case. As the UE is configured with one HARQ-ACK feedback mechanism per G-RNTI, the aforementioned case can occur.
Proposal 6: When PUCCH transmission for the NACK-only based feedback for one MBS collides with PUCCH transmissions for ACK / NACK feedback for another MBS with the same priority, support UE multiplexing the NACK-only based feedback with the ACK / NACK feedback on PUCCH by transforming NACK-only into the ACK / NACK HARQ bit. 
· Note: When the TB is correctly decoded, the ACK will be transmitted and multiplexed with others. 
· Converted NACK-only bits are concatenated to the ACK / NACK feedback.

Details of HARQ-ACK codebook design
Type-1 HARQ-ACK codebook
[bookmark: _Hlk71619431]The following agreement was made in the last meeting:
Agreement​
For the Type-1 codebook construction for FDM-ed unicast and multicast via Opt 4 (from the previous agreement), when UE is configured with multiple G-RNTIs and UE is configured with fdmed-Reception-Multicast, the sub-codebook for multicast consists of the sub-codebooks for each G-RNTI by appending one to another in ascending order of G-RNTI value.​
· The sub-codebook for each G-RNTI is generated per the k1 and TDRA configurations for the same G-RNTI as the legacy procedure. ​
· FFS: whether/how to reduce the Type-1 codebook size when multiple G-RNTIs are configured.​
· Note: The maximum number of G-RNTI(s) configured to UE for the FDMed unicast and multicast Type-1 codebook is up to UE capability which will be discussed in UE features.​

The above agreement states that when UE is configured with multiple G-RNTIs and UE is configured with fdmed-Reception-Multicast, the sub-codebook for multicast consists of the sub-codebooks for each G-RNTI that the UE is configured with by appending one to another in ascending order of G-RNTI value. Creating of sub-codebooks and concatenation of them do not depend on the configuration of TDRA tables among G-RNTIs, as per the agreement. It just states that for a G-RNTI, relevant TDRA configuration should apply. 

Indeed, as TDRA tables are agreed to be the same for each G-RNTI in the last meeting, and FDM-ed MBS transmissions are not supported, the system can also work with only one sub-codebook (including ACK / NACK for all G-RNTIs). However, the above agreement says otherwise. As long as the UE is configured with multiple G-RNTIs, the sub-codebook for each configured G-RNTI should be generated and all the sub-codebooks are to be concatenated. Reiterating the FLs words from the previous meeting, when configured with multiple G-RNTIs, the codebook will look like [unicast sub-codebook, G-RNTI1 sub-codebook, G-RNTI2 sub-codebook …]. 
Thus, as we have raised in the post-meeting e-mail discussions, endorsed CR of TS 38.213 lacks the above information and shall be updated.
Observation 4: The previous agreement states that when UE is configured with multiple G-RNTIs and UE is configured with fdmed-Reception-Multicast, the sub-codebook for multicast consists of the sub-codebooks for each G-RNTI that the UE is configured with by appending one to another in ascending order of G-RNTI value. Endorsed CR of TS 38.213 lacks corresponding information.
We propose the following revision:

*** Unchanged text is omitted ***
If a UE is provided fdmed-Reception-Multicast and the UE is configured to monitor PDCCH for detection of unicast DCI formats and to monitor PDCCH for detection of multicast DCI formats 
-	a serving cell is placed in a unicast set  of  serving cells if the UE is configured to monitor PDCCH for DCI formats 1_0/1_1/1_2 for scheduling on serving cell , and
-	a serving cell is placed in a multicast set  of  serving cells if the UE is configured to monitor PDCCH for detection of DCI format 4_1/4_2 associated with a G-RNTI for scheduling on serving cell , and
-	serving cells are placed in a set first according to an ascending order of a serving cell index and then for the same serving cell index by concatenating the unicast set followed by the multicast set(s) according to an ascending order of the corresponding G-RNTI
the UE generates a Type-1 HARQ-ACK codebook for the set  and the set  of serving cells separately by setting  and  in the following pseudo-code. The UE concatenates the HARQ-ACK codebook generated for the set  followed by the HARQ-ACK codebook generated for the set  to obtain a total number of  HARQ-ACK information bits.
*** Unchanged text is omitted ***
Proposal 7: RAN1 agrees on the text proposal for TS 38.213 in this contribution to correct the Type-1 HARQ-ACK codebook construction of the UEs for FDM-ed unicast and multicast.
HARQ-ACK Feedback for SPS
It was agreed that for ACK / NACK based feedback for SPS PDSCHs, the HARQ-ACK codebook index corresponding the HARQ-ACK codebook for SPS PDSCH is included in the configuration for SPS multicast, and the UE determines a priority index from the HARQ-ACK codebook index. RAN1 has not agreed on any NACK-only counterpart of that agreement. In our view, although the concept of a codebook index does not apply to NACK-only, the same concept (index 1 being low priority, index 2 being high priority) can also be used for NACK-only based feedback. 
Proposal 8: When NACK-only based HARQ-ACK feedback is used for multicast SPS PDSCH without PDCCH scheduling, the UE determines a priority index from the HARQ-ACK codebook index in the configuration for SPS multicast, using the same method with the one for ACK / NACK based feedback.

Conclusions
In this contribution, we have discussed various aspects of this WI. From those discussions we have the following observations:
Observation 1: A set of agreements to complete the functional specification for the NACK-only feedback is presented in this document.
Observation 2: When there is no multiplexing and no more than one NACK-only feedback required, i.e., only one NACK-only to be transmitted in a slot, keeping 32 PUCCH resource options to select from would keep the scheduling flexibility that the gNB currently has and minimizes the spec impact.  

Observation 3: In case of more than 1 TB related with more than 1 G-RNTI, since different UEs may be receiving different MBS services, it would introduce high complexity to the gNB to schedule orthogonal resources for the multiplexed HARQ feedback, i.e., the last PRI in the DCIs cannot be used for all the UEs to select an optimal PUCCH resource to transmit a multiplexed HARQ-ACK feedback (which can include HARQ feedback of different MBSs at each UE). 

Observation 4: The previous agreement states that when UE is configured with multiple G-RNTIs and UE is configured with fdmed-Reception-Multicast, the sub-codebook for multicast consists of the sub-codebooks for each G-RNTI that the UE is configured with by appending one to another in ascending order of G-RNTI value. Endorsed CR of TS 38.213 lacks corresponding information.

According to those observations we have the following proposals:

Proposal 1: For the separate PUCCH-Config/PUCCH-ConfigurationList configured to UE for NACK-only based feedback: 
· 1 PUCCH resource set in each PUCCH-Config,
· up to 32 PUCCH resources in each PUCCH resource set are configured.
· Note: the separate PUCCH-Config/PUCCH-ConfigurationList applies to all configured G-RNTIs configured with NACK-only based feedback. 

Proposal 2: When more than one NACK-only feedback are available for transmission in the same PUCCH slot for a given G-RNTI:
· define up to 4 orthogonal PUCCH resources to select from according to combinations of up to 2 TBs with NACK-only feedback, 
· for more than 2 TBs with NACK-only feedback and for more than 1 TB related with more than 1 G-RNTI, all NACK-only feedback are transformed into ACK / NACK based feedback, i.e., the UE reports HARQ-ACK as in Rel-16 if the UE is provided UE-specific PUCCH resources. Otherwise, the UE does not report HARQ-ACK.
· FFS: Which PUCCH resources UE uses.

Proposal 3: For more than B = 2 TBs with NACK-only feedback and for more than 1 TB related with more than 1 G-RNTI, the UE is configured by RRC signalling with specific dedicated PUCCH resource(s) that the UE utilizes to transmit multiplexed NACK-only bits, rather than selecting the PUCCH resource based on the PRI field of the last DCI.
· Dedicated PUCCH resource(s) can be configured within the NACK-only or unicast PUCCH-config.

Proposal 4: For more than B = 2 TBs with NACK-only feedback and for more than 1 TB related with more than 1 G-RNTI, concatenation of the converted NACK-only bits is based on the ascending order of PUCCH resource IDs that are originally scheduled for NACK-only feedback.

Proposal 5: When PUCCH transmission for the NACK-only based feedback for multicast collides with PUCCH transmissions for SR for the same priority, support Alt1 from the following alternatives:
1.     Alt1: up to two TBs of NACK-only feedback is transformed into ACK / NACK HARQ bits and is multiplexed with SR.
· The UE uses the same UE-specific PUCCH resources that the UE is configured by RRC signalling to transmit multiplexed NACK-only bits, i.e., the scenario for more than B = 2 TBs in the corresponding proposal. 
· For the case of more than two TBs of NACK-only, SR is dropped.
2.    Alt2:
· for positive SR, NACK-only is transmitted on the PUCCH resource configured for SR; 
· If the PUCCH resource for SR cannot accommodate multiplexed UCI (e.g., in case of multiple NACK-only bits are multiplexed with SR), [FFS: SR] is dropped.
· for negative SR, NACK-only feedback is transmitted on the PUCCH resource configured for NACK-only.

Proposal 6: When PUCCH transmission for the NACK-only based feedback for one MBS collides with PUCCH transmissions for ACK / NACK feedback for another MBS with the same priority, support UE multiplexing the NACK-only based feedback with the ACK / NACK feedback on PUCCH by transforming NACK-only into the ACK / NACK HARQ bit. 
· Note: When the TB is correctly decoded, the ACK will be transmitted and multiplexed with others. 
· Converted NACK-only bits are concatenated to the ACK / NACK feedback.

Proposal 7: RAN1 agrees on the text proposal for TS 38.213 in this contribution to correct the Type-1 HARQ-ACK codebook construction of the UEs for FDM-ed unicast and multicast.
Proposal 8: When NACK-only based HARQ-ACK feedback is used for multicast SPS PDSCH without PDCCH scheduling, the UE determines a priority index from the HARQ-ACK codebook index in the configuration for SPS multicast, using the same method with the one for ACK / NACK based feedback.
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