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[bookmark: _Ref4817]1	Introduction
During RAN#88-e meeting, the revised WI on NR MBS has been approved [1]. One of its objectives is to specify required changes to improve reliability of Broadcast/Multicast service for RRC_CONNECTED UEs. Most of the functionalities of HARQ-ACK feedback for MBS have been finalized [2]. In this contribution, we provide our analysis and TPs for the remaining issues.
 
[bookmark: OLE_LINK32]2	NACK-only feedback
2.1 Remaining issues for NACK-only feedback
In RAN1#105-e meeting, the following agreement has been achieved. But there is still a remaining question about the specific procedures of NACK only PUCCH F0 and F1, i.e., for NACK only PUCCH F0/F1, how to determine the sequence for NACK feedback.
	Agreement:
Support PUCCH format 0 and format 1 for NACK-only based HARQ-ACK feedback for multicast. 



A simple method is to reuse the existing mechanism for minimizing the impact of standardization. However, this method leads to potential waste of sequence resources because the ACK will not be transmitted but the corresponding sequence resources are still occupied. 
We can also consider redefining the sequence corresponding to NACK as NACK only PUCCH F0. For example, per G-RNTI defines the sequence. In this way, a sequence can be used by all UEs receiving the same service.
For NACK only PUCCH F1, there are similar problems as mentioned above. 
Proposal 1: RAN1 clarifies the sequence determination of NACK only PUCCH F0/F1. 
2.2 Time domain overlapping between multiple NACK-only PUCCHs
In RAN1#106b-e meeting, the following agreement has been achieved, further selection from the alternatives need to be considered.
	Agreement
When more than one NACK-only based feedback are available for transmission in the same PUCCH slot, further decide based on the following subset of alternatives (from previous agreement) with potential further down-selection:
· Alt1: Support UE multiplexing the HARQ-ACK bits by transforming NACK-only into ACK/NACK HARQ bits. 
· Alt2: Support sub-slot based PUCCH for this case. 
· Alt3: Support UE transmitting more than one slot-based PUCCHs in the same PUCCH slot.
· Alt4: Define combination of NACK-only which corresponds to a specific sequence or a PUCCH transmission.
· Alt5: NACK-only bundling



In RAN1#107-e meeting, a compromise method is proposed as the following proposal.
	Proposal 3.2.5: Continue discussing the following proposal
· 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. 



For the NACK only codebook based on a given G-RNTI, we believe that there are advantages and disadvantages, compared to the NACK only codebook that supports multiple G-RNTIs. For the Proposal 3.2.5 above, if multiple services are scheduled in one UE, the multiple services must be indicated to different slots as the NACK only codebook. Generally, for TDD, UL slots are always limited, that is, the number of UL slots indirectly negatively affects the number of MBS services that the UE can simultaneously receive. We do not see obvious benefits for the new NACK only codebook.
We prefer to convert NACK only to ACK/NACK if multiple NACK only overlaps in the time domain, that is, Alt1.
For the remaining issues of Alt1, for example, how to determine a PUCCH resource if only MBS services are being transmitted for the UE. For example, define a dedicated PUCCH resource, the PUCCH resource is used to transmit multiplexed UCIs from multiple NACK only. 
It can also be considered that it may be left to the base station implementation if there is no time to solve it. For example, the base station can always schedule a unicast PDSCH for the UE, and the corresponding HARQ-ACK and NACK only overlap in the time domain. If there is no actual unicast PDSCH for the UE, the base station can also schedule a null unicast PDSCH for the UE in order to obtain a PUCCH resource. From the UE side, the UE can process according to the existing procedure. The base station can ignore the HARQ-ACK feedback from the UE for the false PDSCH. 
Proposal 2: When multiple NACK-only based feedbacks are indicated to be transmitted in the same slot, support UE multiplexing the HARQ-ACK bits by transforming NACK-only into ACK/NACK HARQ bits.
2.3 Time domain overlapping between NACK-only PUCCH and PUCCH/PUSCH
In RAN1#106b-e meeting, the following agreement was reached. Further details should be clarified.  
	Agreement
When PUCCH transmission for the NACK-only based feedback for multicast collides with PUCCH transmissions for HARQ-ACK feedback/CSI for unicast for the same priority or PUSCH transmission for the same priority, support UE multiplexing the NACK-only based feedback with the HARQ-ACK feedback/CSI on PUCCH or on to PUSCH by transforming NACK-only into the ACK/NACK HARQ bit.
· This applies to at least the case of the feedback addressing one TB. NACK-only based feedback for more than one TBs is to be handled separately.  
· Note: When the TB is correctly decoded, the ACK will be transmitted and multiplexed with others. 
· FFS the case of PUCCH for SR.


[bookmark: OLE_LINK11] 
In detail, different multiplexing cases include: unicast ACK/NACK/SR PUCCH F0/F1 multiplexes with NACK-only PUCCH; unicast ACK/NACK/CSI PUCCH F2/F3/F4 multiplexes with NACK-only PUCCH; unicast PUSCH and NACK-only PUCCH overlap. Multiplexing is applied when the PUCCH or PUSCH above are indicated in the same slot no matter overlapping or not. Necessary solutions need to be considered for these cases, respectively.
If one NACK-only PUCCH multiplexes with unicast PUCCH format 0 carrying 1 bit HARQ-ACK, transformed bit of NACK-only PUCCH is concatenated after HARQ-ACK bit for unicast, mapping of values for two HARQ-ACK information bits to sequences reuses what defined for unicast in Rel-16. The HARQ-ACK information bits are transmitted on unicast PUCCH.
If one NACK-only PUCCH multiplexes with unicast PUCCH format 1 carrying 1 bit HARQ-ACK, transformed bit of NACK-only PUCCH is concatenated after HARQ-ACK bit for unicast, transmission of these two HARQ-ACK information bits reuses what defined for unicast in Rel-16. The HARQ-ACK information bits are transmitted on unicast PUCCH.
If one NACK-only PUCCH is transformed into ACK/NACK bit due to multiplexing with unicast PUCCH format 0/1 carrying 2 bits HARQ-ACK, both PUCCHs can not carry these 3 HARQ-ACK bits, UE determines another PUCCH with format 2/3/4 by the PRI in the last unicast DCI and transmits HARQ-ACK information on it. 
For a UE receiving unicast and multicast, if HARQ-ACK PUCCH for unicast and NACK-only PUCCH for multicast are indicated in the same UL slot, then these two PUCCHs should be determined independently first, and then be multiplexed for the same priority. The multiplexed PUCCH resource is determined based on the PRI in the last DCI corresponding to the unicast HARQ-ACK PUCCH, because NACK-only PUCCH cannot carry more than 1 bits.  
Proposal 3: On NACK-only PUCCH multiplexing with unicast PUCCH format 0/1 if they are indicated in the same slot, 
· When one NACK-only PUCCH is transformed into ACK/NACK bit due to multiplexing with unicast PUCCH format 0 carrying 1 bit HARQ-ACK, mapping of values for two HARQ-ACK information bits to sequences reuses what defined for unicast in Rel-16. 
· When one NACK-only PUCCH is transformed into ACK/NACK bit due to multiplexing with unicast PUCCH format 1 carrying 1 bit HARQ-ACK, transmission of two HARQ-ACK information bits reuses what defined for unicast in Rel-16.
· When one NACK-only PUCCH is transformed into ACK/NACK bit due to multiplexing with unicast PUCCH format 0/1 carrying 2 bits HARQ-ACK, the total of 3 HARQ-ACK information bits are transmitted on one new PUCCH format 2/3/4.
· In the above cases, the multiplexing result PUCCH is always determined based on the last unicast DCI.

In the RAN1#107 meeting, NACK only PUCCH and SR PUCCH overlapped in the time domain, for example, the following proposal was discussed, but no consensus was reached.
	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:
· 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.
· 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.



From our point of view, if up to 2 NACK only PUCCHs overlap with one SR in the time domain, then convert NACK only to ACK/NACK bits, and then reuse the existing 1/2 bits HARQ-ACK and SR multiplexing mechanism. But the multiplexing result PUCCH must be the PUCCH resource of the SR, because NACK only PUCCH is shared by multiple UEs, so it cannot be used as the multiplexing result PUCCH.
For two NACK only PUCCHs and one SR overlapping in the time domain, one problem is that the multiplexing result PUCCH cannot be determined. But this problem is similar to the legacy problem of Alt1 discussed in the NACK only codebook. For example, when only MBS PDSCHs need to be fed back based on NACK only, multiple NACK only PUCCHs are converted to ACK/NACK bits respectively, but the multiplexing result PUCCH cannot be obtained due to lack of a unicast PUCCH. Similar resolution mechanisms can be considered. For example, a dedicated PUCCH resource is configured for this case.
Proposal 4: When PUCCH transmission for the NACK-only based feedback for multicast collides with PUCCH transmissions for SR for the same priority,
· For NACK only PUCCH carrying no more than 2 bits, convert NACK only bits to ACK/NACK bits, and determine CS based on HARQ-ACK bits and SR status, and always use SR PUCCH as the multiplexing result PUCCH.
· For NACK only PUCCHs carrying more than 2 bits, convert NACK only bits to ACK/NACK bits, and convert SR to 1 bit, and always use a separate configured PUCCH resource as the multiplexing result PUCCH.
3	ACK/NACK disabling feedback for type1/2 codebook
Regarding simultaneous configuration of type1 codebook and disabling feedback
If the type1 codebook and the disabling feedback are configured simultaneously, and if some PDSCHs in the PDSCHs corresponding to a type1 codebook are disabled for feedback, how does the UE construct the type1 codebook? A simple method is as follows.
If a part of PDSCHs corresponding to a type1 codebook is configured or indicated as disabling feedback, then in order to construct a type1 codebook, the disabling feedback of the PDSCHs is converted to enabling feedback in order to construct a tyep1 codebook. That is, some PDSCHs corresponding to a type1 codebook are configured to disable feedback, then the UE defaults to generate effective ACK/NACK for these PDSCHs in the type1 codebook.
Since the main requirement of the type1 codebook is high reliability, we believe that even if all PDSCHs corresponding to a type1 codebook are configured to disable feedback, all PDSCHs should be converted to enable feedback, and generated actual valid HARQ-ACKs in the type1 codebook.
Based on the above analysis, we suggest that if the UE would generate a type1 codebook, the actual HARQ-ACKs corresponding to the disabling PDSCHs corresponding to the type1 codebook should be generated in the type1 codebook. In other words, HARQ-ACK bits enabling/disabling is not applicable to type-1 codebook.
Proposal 5: RAN1 clarifies how to handle HARQ-ACK enabling/disabling for type-1 codebook.
Regarding simultaneous configuration of type2 codebook and disabling feedback
If the type2 codebook and the disabling feedback are configured simultaneously, then the DL DAI count should be further clarified. For example, the DAI mismatch issue was discussed in RAN1#106-e meeting and the working assumption is to address it via network implementation. For example, configuring all the UEs in the MBS group with the same mode. It is ok to leave it to network implementation, but flexibility of the HARQ-ACK enabling/disabling mechanism will be limited, e.g. HARQ-ACK enabling/disabling is configured per group rather than per UE. If companies prefer to have a clean solution specified, we propose the following.
[image: ]
[bookmark: OLE_LINK20]Figure 1: DAI mismatch issue
One potential solution in Figure 1 is to perform separate DAI counting for “PDCCH indicating HARQ-ACK enabling” and “PDCCH indicating HARQ-ACK disabling”. For all the PDSCHs corresponding to PDCCH indicating HARQ-ACK enabling, the DAI is counted in order; for all the PDSCHs corresponding to PDCCH indicating HARQ-ACK disabling, the DAI is counted in order. 
· For UEs configured with “DCI indicating HARQ disabling”, they only need to take the DAI counting for “PDCCH indicating HARQ-ACK enabling” into account. 
· For UEs configured with “RRC configured HARQ enabling”, they need to take both the DAI counting for “PDCCH indicating HARQ-ACK enabling” and DAI counting for “PDCCH indicating HARQ-ACK disabling” into account.
Proposal 6: Regarding DAI mismatch for type2 codebook, if RAN1 agrees to resolve this issue via specification, network performs separate DAI counting for “PDCCH indicating HARQ-ACK enabling” and “PDCCH indicating HARQ-ACK disabling”.
Note: No need to increase the DAI bits in DCI.
4	ACK/NACK PUCCH for multicast and unicast PUSCH overlap in time domain
For unicast, DAI field in the uplink scheduling DCIs indicate whether HARQ-ACK information is to be transmitted in the slot (semi-static codebook) or the number of HARQ-ACK information bits (dynamic codebook). As DAI counting is performed per G-RNTI for ACK/NACK based feedback of multicast, DAI field for multicast in uplink scheduling DCIs should not be separate for different MBS service, otherwise the overhead is too large. In order to reduce DCI overhead, shared UL DAI value for multiple G-RNTIs is one efficient solution. 
Considering the DCI overhead and the existing configuration for unicast, up to 2 UL DAI fields for multicast should be firstly supported. Each UL DAI value will be applied for one G-RNTI group which containing one or more G-RNTIs, and the G-RNTI group is configured by UE-specific RRC signaling.
When it is supported to introduce additional UL DAI fields for multicast, the DCI overhead should be determined by the number of G-RNTI groups, when only one G-RNTI group is configured, 2 bits for UL DAI field are needed, when 2 G-RNTI groups are configured, 4 bits are needed.
That is, no matter how multiple MBS services corresponding to a configured G-RNTI group are scheduled, the UE always considers that the same UL DAI value is applied in order to determine the number of scheduled MBS PDSCHs for each one of the multiple MBS services.
Proposal 7: The UL DAI filed in UL scheduling DCI is used to indicate the Type-2 codebook size of G-RNTIs.
· Up to 2 additional UL DAI fields for multicast can be applied, where each UL DAI corresponds to a group of G-RNTIs configured by RRC. 
5	Remaining issues of feedback for SPS based MBS transmission
5.1	HARQ-ACK reporting mode for SPS transmission
As agreed in previous RAN1 e-meetings, two HARQ-ACK reporting modes are supported for SPS PDSCH without PDCCH scheduling, and only the first HARQ-ACK reporting mode is applied for multicast SPS activation/deactivation. 
	Agreement:(RAN1#106b)
For multicast SPS PDSCH without PDCCH scheduling, HARQ-ACK feedback option is configured by UE RRC signalling. 
· FFS: Whether the configuration is per SPS configuration index or per G-CS-RNTI.
· Note: Whether there is a UE capability for support of NACK-only based HARQ-ACK or not will be discussed as part of UE features discussion.
Agreement:(RAN1#107-e)
For multicast SPS activation/deactivation, only ACK/NACK based feedback is supported.



As described in TS 38.213 h00, only SPS deactivation is excluded from using the second HARQ-ACK reporting mode. SPS activation is missing. So we propose the following text proposal. 
Proposal 8: Adopt the following TP for Clause 18 of TS38.213.
	[bookmark: _Toc92093906]18	Multicast Broadcast Services
<Unchanged parts are omitted>
A UE monitors PDCCH for scheduling PDSCH receptions or for activation/release of SPS PDSCH receptions for a corresponding SPS PDSCH configuration as described in clause 10.1.A UE can be configured by harq-Feedback-Option-Multicast for a G-RNTI or for a G-CS-RNTI to provide HARQ-ACK information for a transport block reception associated with the G-RNTI or with the G-CS-RNTI, respectively, according to the first HARQ-ACK reporting mode or according to the second HARQ-ACK reporting mode. The second HARQ-ACK reporting mode is not applicable for DCI formats having associated HARQ-ACK information without scheduling a PDSCH reception and SPS PDSCH associated with the SPS activation. For the first HARQ-ACK reporting mode, the UE generates HARQ-ACK information with ACK value when a UE correctly decodes a transport block or detects a DCI format indicating an SPS PDSCH release; otherwise, the UE generates HARQ-ACK information with NACK value, as described in clauses 9 and 9.1 through 9.3. For the second HARQ-ACK reporting mode, the UE does not transmit a PUCCH that would include only HARQ-ACK information with ACK values. 
<Unchanged parts are omitted>



5.2	Feedback for the PDSCH associated with reactivation PDCCH
According to current agreements, only ACK/NACK feedback is supported for SPS activation/deactivation, while three feedback modes can be configured for SPS PDSCH without PDCCH, i.e., ACK/NACK, NACK-only, and disabled. 
Further, group-common PDCCH is supported for activating the SPS transmission. If a new UE joins the MBS group, the gNB should resend a GC-PDCCH for activating the SPS, then some UEs which had already activated may also receive this activation PDCCH. Let’s call it as ‘reactivation PDCCH’ for these UEs. 
Then, the issue is that how to feed back for the PDSCH associated with the reactivation PDCCH? 
Normally, it is also a PDSCH with scheduling PDCCH, the feedback mode should follow that of SPS activation, i.e., ‘ACK/NACK mode’; But, if the reactivation PDCCH is missed by a UE, different understandings will be made between the UE and the gNB. 
[bookmark: _GoBack]More specifically, the UE feeds back to this PDSCH according to feedback mode of SPS PDSCH without PDCCH(e.g., NACK-only), while the gNB expects the UE to feed back to this PDSCH in the feedback mode of SPS activation(i.e., ACK/NACK). The feedback modes for SPS PDSCH without PDCCH and SPS activation are different, which leads to the confusion of feedback information.
A way for avoiding this confusion can be considered is that feeding back to the PDSCH according to both feedback mode of SPS activation and feedback mode of SPS PDSCH without PDCCH. Then, there will be two feedback information corresponding with this PDSCH, one is generated according to the DAI value in the reactivation GC-PDCCH, and another comes from feedback mode of SPS PDSCH without PDCCH no matter whether the reactivation GC-PDCCH is received or not. 
Proposal 9: A GC-PDCCH activating a SPS transmission which has already been activated can be considered as a reactivation GC-PDCCH. 
· For the PDSCH associated with the reactivation GC-PDCCH, feedback information are generated for both feedback mode of SPS PDSCH and feedback mode of SPS PDSCH without PDCCH.
6	Conclusion
[bookmark: OLE_LINK25]In this contribution, we discuss the potential candidate solutions to improve reliability for NR MBS with the following observations and proposals.
NACK-only feedback
Proposal 1: RAN1 clarifies the sequence determination of NACK only PUCCH F0/F1. 
Proposal 2: When multiple NACK-only based feedbacks are indicated to be transmitted in the same slot, support UE multiplexing the HARQ-ACK bits by transforming NACK-only into ACK/NACK HARQ bits.
Proposal 3: On NACK-only PUCCH multiplexing with unicast PUCCH format 0/1 if they are indicated in the same slot, 
· When one NACK-only PUCCH is transformed into ACK/NACK bit due to multiplexing with unicast PUCCH format 0 carrying 1 bit HARQ-ACK, mapping of values for two HARQ-ACK information bits to sequences reuses what defined for unicast in Rel-16. 
· When one NACK-only PUCCH is transformed into ACK/NACK bit due to multiplexing with unicast PUCCH format 1 carrying 1 bit HARQ-ACK, transmission of two HARQ-ACK information bits reuses what defined for unicast in Rel-16.
· When one NACK-only PUCCH is transformed into ACK/NACK bit due to multiplexing with unicast PUCCH format 0/1 carrying 2 bits HARQ-ACK, the total of 3 HARQ-ACK information bits are transmitted on one new PUCCH format 2/3/4.
· In the above cases, the multiplexing result PUCCH is always determined based on the last unicast DCI.
Proposal 4: When PUCCH transmission for the NACK-only based feedback for multicast collides with PUCCH transmissions for SR for the same priority,
· For NACK only PUCCH carrying no more than 2 bits, convert NACK only bits to ACK/NACK bits, and determine CS based on HARQ-ACK bits and SR status, and always use SR PUCCH as the multiplexing result PUCCH.
· For NACK only PUCCHs carrying more than 2 bits, convert NACK only bits to ACK/NACK bits, and convert SR to 1 bit, and always use a separate configured PUCCH resource as the multiplexing result PUCCH.

ACK/NACK disabling feedback for type1/2 codebook
Proposal 5: RAN1 clarifies how to handle HARQ-ACK enabling/disabling for type-1 codebook.
Proposal 6: Regarding DAI mismatch for type2 codebook, if RAN1 agrees to resolve this issue via specification, network performs separate DAI counting for “PDCCH indicating HARQ-ACK enabling” and “PDCCH indicating HARQ-ACK disabling”.
Note: No need to increase the DAI bits in DCI.

ACK/NACK PUCCH for multicast and unicast PUSCH overlap in time domain

Proposal 7: The UL DAI filed in UL scheduling DCI is used to indicate the Type-2 codebook size of G-RNTIs.
· Up to 2 additional UL DAI fields for multicast can be applied, where each UL DAI corresponds to a group of G-RNTIs configured by RRC. 

Remaining issues of feedback for SPS based MBS transmission
Proposal 8: Adopt the following TP for Clause 18 of TS38.213.
	18	Multicast Broadcast Services
<Unchanged parts are omitted>
A UE monitors PDCCH for scheduling PDSCH receptions or for activation/release of SPS PDSCH receptions for a corresponding SPS PDSCH configuration as described in clause 10.1.A UE can be configured by harq-Feedback-Option-Multicast for a G-RNTI or for a G-CS-RNTI to provide HARQ-ACK information for a transport block reception associated with the G-RNTI or with the G-CS-RNTI, respectively, according to the first HARQ-ACK reporting mode or according to the second HARQ-ACK reporting mode. The second HARQ-ACK reporting mode is not applicable for DCI formats having associated HARQ-ACK information without scheduling a PDSCH reception and SPS PDSCH associated with the SPS activation. For the first HARQ-ACK reporting mode, the UE generates HARQ-ACK information with ACK value when a UE correctly decodes a transport block or detects a DCI format indicating an SPS PDSCH release; otherwise, the UE generates HARQ-ACK information with NACK value, as described in clauses 9 and 9.1 through 9.3. For the second HARQ-ACK reporting mode, the UE does not transmit a PUCCH that would include only HARQ-ACK information with ACK values. 
<Unchanged parts are omitted>



Proposal 9: A GC-PDCCH activating a SPS transmission which has already been activated can be considered as a reactivation GC-PDCCH. 
· For the PDSCH associated with the reactivation GC-PDCCH, feedback information are generated for both feedback mode of SPS PDSCH and feedback mode of SPS PDSCH without PDCCH.

7	Reference
RP-201038, WID revision: NR Multicast and Broadcast Services, RAN#88e.
3GPP RAN1#107-e, Chairman’s notes.
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