3GPP TSG RAN WG1 #110bis-e                                                                              R1-2210159
e-Meeting, October 10th – 19th, 2022

Agenda Item:	8.12
Source:	Lenovo
Title:	Remaining issues on HARQ-ACK feedback for NR MBS 
Document for:	Discussion 

[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
The contribution is focused on reliability improvement issues for RRC-CONNECTED UEs in Rel-17 NR MBS.
In RAN1#110-e meeting, regarding NACK-only based HARQ-ACK feedback and HARQ-ACK codebook determination, the corresponding agreements are made as below:
[bookmark: _Hlk39170201]Agreement
When UE is configured with the same RateMatchPatternId in both the CFR and in the associated BWP, it is expected to have the same set of RBs/REs indicated by the patterns for rate matching around. Otherwise, the different RateMatchPatternId will be configured in the CFR and in the associated BWP.

Agreement
For UE not supporting multipleCORESET in FR1, in order to receive MBS multicast in CFR within UE active BWP, 
· if a CORESET is not configured within the PDCCH-ConfigMulticast, the other CORESET than CORESET0 configured within UE active BWP for scheduling unicast can also to be used for scheduling multicast, and the CORESET is expected to be included completely within the CFR and the parameters configured in the CORESET are expected to be supported by the UE for multicast.

[bookmark: OLE_LINK2][bookmark: OLE_LINK6]Agreement
When NACK-only PUCCH overlaps with other PUCCH/PUSCH transmission, NACK-only is transformed into ACK/NACK and multiplexed with other PUCCH/PUSCH transmission:
· Opt4: All PUCCHs have the same starting symbol and the same time duration

Agreement
For PRI included in DCI format 4_1/4_2, 
· if the G-RNTI is configured with NACK-only mode1, PRI indicates the PUCCH for the HARQ-ACK feedback including the case of one TB in scheduled. 
· If the G-RNTI is configured with NACK-only mode2,
· FFS on whether/how to interpret the PRI. 

Agreement
For Type-1 HARQ-ACK codebook multiplexing for dynamic multicast scheduling with multicast SPS, and if the UE is configured with HARQ-ACK enabled for multicast dynamic scheduling and is configured with disabled HARQ feedback for multicast SPS scheduling, it is up to UE to report NACK or ACK/NACK for the G-CS-RNTI with HARQ-ACK disabled. 

Agreement
When UE does not detect any DCI for G-RNTI(s) with HARQ-ACK enabled when at least one configured G-RNTI is with HARQ-ACK enabled by RRC, UE does not need to generate the Type-1 HARQ-ACK codebook for PUCCH transmission. 
· Whether there is any specification impact can be further discussed.


However, there are still some FFS issues which need to be resolved in maintenance phase. Hence, in this contribution, more detailed views on remaining issues are present from our side.

Discussion

HARQ-ACK feedback for PDSCH scheduled by DCI format 4-1
According to latest RAN1 agreement, for a given G-RNTI, when RRC configures presence of HARQ-ACK feedback enabling/disabling indication (HEI) in the DCI format with CRC scrambled by the given G-RNTI, this enabling/disabling HARQ-ACK feedback indication is only included in DCI format 4-2 with CRC scrambled by the given G-RNTI. In detail, this enabling/disabling HARQ-ACK feedback indication is not included in DCI format 4-1 with CRC scrambled by the given G-RNTI. Thus, upon reception of a PDSCH scheduled by DCI format 4-2, UE assume HARQ-ACK feedback is enabled or disabled for the scheduled PDSCH according to the enabling/disabling HARQ-ACK feedback indication in DCI format 4-2; however, upon reception of a PDSCH scheduled by DCI format 4-1, should the UE assume HARQ-ACK feedback is enabled or disabled for the scheduled PDSCH?
Observation 1: HARQ-ACK feedback for PDSCH scheduled by DCI format 4-1 is not clear in current spec.

The straightforward solution is to include 1-bit HEI in both DCI format 4-1 and DCI format 4-2 to simplify the UE behavior and avoid any misunderstanding between UE and gNB on HARQ-ACK codebook size. Considering each field in DCI format 4-1 has fixed size, this 1-bit HEI is always included in DCI format 4-1. In detail, if RRC signaling configures presence of enabling/disabling HARQ-ACK feedback indication (HEI) in multicast DCI format for a given G-RNTI, one-bit HEI is included in the multicast DCI format 4-1 indicating enabled or disabled HARQ-ACK feedback for group-common PDSCH scheduled by the multicast DCI format 4-1; otherwise, this bit is ignored. This follows same design principle of 1-bit UL/SUL indicator in fallback DCI format 1-0. For DCI format 4-1, one of the reserved three bits can be used as 1-bit HEI. The presence of this bit is always there and not configurable by RRC signaling so as to guarantee each field in the multicast DCI format 4-1 is of fixed size.
Since the principle of unconfigurable fields in DCI format 4-1 should be maintained, another way is to always assume the HARQ-ACK feedback for PDSCH scheduled by DCI format 4-1 with CRC scrambled by a G-RNTI is enabled if RRC configures presence of HARQ-ACK feedback enabling/disabling indication (HEI) in DCI format 4-2 with CRC scrambled by the G-RNTI.

Based on above discussion, we have below proposals:
Proposal 1: UE assumes HARQ-ACK feedback for PDSCH scheduled by DCI format 4-1 with CRC scrambled by G-RNTI is enabled if RRC configures presence of HARQ-ACK feedback enabling/disabling indication (HEI) in DCI format 4-2 with CRC scrambled by the G-RNTI. 


Type-2 HARQ-ACK codebook issues

For a given G-RNTI, when RRC configures presence of HARQ-ACK feedback, 1-bit enabling/disabling indication (HEI) is included in DCI format 4-2 with CRC scrambled by the given G-RNTI while not included in DCI format 4-1 with CRC scrambled by the given G-RNTI. If one DCI format is missed by UE, e.g., DCI format 4-1 or DCI format 4-2, UE knows there is one DCI missed based on counter DAI, however, can’t know whether the missed DCI indicates enabled HARQ-ACK feedback or disabled HARQ-ACK feedback. In that sense, UE can’t determine a HARQ-ACK codebook for the given G-RNTI. 
Observation 2: HARQ-ACK codebook ambiguity may be caused according to current spec if one multicast DCI is missed by UE.

To resolve the above issue, DAI should be used to indicate the accumulative number of PDSCHs or PDCCHs which require HARQ-ACK feedback information so that the ambiguity on HARQ-ACK codebook between UE and gNB can be avoided. In detail, when a DCI format 4-2 with disabled HARQ-ACK feedback is missed, since the counter DAI in the DCI is not updated compared with the latest counter DAI in multicast DCI with enabled HARQ-ACK feedback, although UE can’t identify the missed DCI, there is no impact on HARQ-ACK codebook generation; when a DCI format 4-2 with enabled HARQ-ACK feedback is missed, since the counter DAI in a next DCI will be updated with consideration of the counter DAI in the current DCI, UE can identify the missed DCI and generate a NACK for the missed DCI. In this way, the HARQ-ACK codebook ambiguity is addressed. 
For multicast PDSCHs for a given G-RNTI, there are three cases that the multicast PDSCHs don’t require HARQ-ACK feedback: (1) the UE is not provided harq-FeedbackEnablerMulticast for the G-RNTI; (2) the UE is provided harq-FeedbackEnablerMulticast with value set to 'disabled'; (3) the UE is provided harq-FeedbackEnablerMulticast with value set to 'dci-enabler' for the G-RNTI and multicast DCI format 4-2 associated with the G-RNTI indicates disabled HARQ-ACK feedback by 1-bit HARQ-ACK enabling/disabling indication. Therefore, the DAI counting should not consider the PDSCHs in above three cases. The more details are provided in below TP2. 
Based on above discussion, we have below proposals:
Proposal 2: For multicast, DAI indicates the accumulative number of PDSCHs or PDCCHs which require HARQ-ACK feedback information.

Type-1 HARQ-ACK codebook issues

For Type-1 HARQ-ACK codebook determination, each candidate PDSCH reception occasion is mapped to one HARQ-ACK information bit. However, if high layer signaling configures dci-enabler, 1-bit Enabling/disabling HARQ-ACK feedback indication is present in DCI format 4_2. If the DCI format 4_2 is detected, for a UE, whether to generate 1 bit ACK/NACK according to 1 bit Enabling/disabling HARQ-ACK feedback indication or always generate 1 bit ACK/NACK by ignoring dci-enabler is not clear for the Type-1 HARQ-ACK codebook.
To make it clear, it is necessary to restrict dci-enabler only applicable to Type-2 HARQ-ACK codebook and ignored to Type-1 HARQ-ACK codebook.
Proposal 3: ‘dci-enabler’ is only applicable to Type-2 HARQ-ACK codebook and ignored to Type-1 HARQ-ACK codebook when high layer parameter harq-FeedbackEnablerMulticast is provided with value set to 'dci-enabler'. 

Multiple NACK-only based feedback multiplexing

	Agreement
For multicast, for addressing how to count and order the HARQ-ACK bits for NACK-only for Alt4, further down-selection on the following cases/options in the next meeting: 
· Case 2: for the case of all UEs configured with the same set of G-RNTIs
· Opt2-1: support Alt4 for this case
· Opt2-1-1: based on the sum of C-DAI included in the last scheduling DCI from each G-RNTI for counting the total number of HARQ-ACK bits. The ordering of HARQ-ACK bits is per C-DAI from each G-RNTI and in the ascending order of G-RNTI values. 
· Opt2-1-2: based on C-DAI* included in the last scheduling DCI for counting the number of HARQ-ACK bits and for ordering the HARQ-ACK bits. The C-DAI* is accumulating the scheduled TBs across different G-RNTIs 
· Opt2-2: does not support Alt4 for this case. 
· Case 3: for the case of different UEs configured with different G-RNTIs
· Opt3-1: support Alt4 for this case
· Opt3-1-1: based on the sum of C-DAI included in the last scheduling DCI from each G-RNTI for counting the total number of HARQ-ACK bits. The ordering of HARQ-ACK bits is per C-DAI from each G-RNTI and in the ascending order of G-RNTI values. 
· Opt3-1-2: based on C-DAI* included in the last scheduling DCI for counting the number of HARQ-ACK bits and for ordering the HARQ-ACK bits. The C-DAI* is accumulating the scheduled TBs across different G-RNTIs. 
· Opt3-2: does not support Alt4 for this case. 




As shown in above, for Alt 4, there is still one remaining issue on determining the NACK-only based codebook, i.e., the number of HARQ-ACK bits and ordering.
In Case 2 of all UEs configured with the same set of G-RNTIs, for option 2-1-1, we see the problems of last DCI missing if the number of HARQ-ACK bits is determined based on the sum of C-DAI included in the last scheduling DCI from each G-RNTI. It is obvious that as long as one last DCI of any G-RNTI is missed, UE and gNB will have different understanding on the number of HARQ-ACK information bits as well as the different HARQ-ACK codebook size for multiple NACK-based feedback. This error can’t be solved based on either option 2-1-1. For example, when the number of configured G-RNTI is 4, there are 4 last DCIs, and if gNB transmits only 4 DCIs for 4 G-RNTIs, then each DCI is not protected by C-DAI. It does not make sense to use the sum of last DCI for determining number of bits. 
However, in option 2-1-2, with the reinterpretation of cDAI* among the same set of G-RNTIs, UE just follows the last cDAI* among the set of G-RNTIs. In this way, it can work properly as legacy.
For case 3 of different UEs configured with different G-RNTIs, for option 3-1-1, the same problem of last DCI missing happens as option 2-1-1 and the performance is even worse since different UEs have different configured G-RNTIs and one UE can’t know the last C-DAI for a G-RNTI if the G-RNTI is not configured. In that sense, Option 3-1-1 can’t work.
For Option 3-1-2, for a UE which is not configured with a G-RNTI, the UE has to generate a NACK bit for the G-RNTI since cDAI* is incremented across different G-RNTIs. Although unnecessary NACK bit is generated, it can avoid the HARQ-ACK codebook ambiguity between gNB and UE. It is noted that redundant NACK bits for padding in HARQ-ACK codebook is widely adopted in 3GPP to sync-up the HARQ-ACK codebook size between gNB and UE, e.g., Type-1 HARQ-ACK codebook, Type-3 HARQ-ACK codebook, CBG-based HARQ-ACK information bits per TB, etc. 
Based on above discussion, we have below proposals:
Proposal 4: For multiplexing multiple NACK-only based feedback into one HARQ-ACK codebook, the number of HARQ-ACK information bits and ordering is based cDAI* accumulating the scheduled TBs across different G-RNTIs (support Option 2-1-2 and Option 3-1-2).


Conclusion
In this contribution, we focus on the reliability improvement for MBS transmission and have below proposals:
Proposal 1: UE assumes HARQ-ACK feedback for PDSCH scheduled by DCI format 4-1 with CRC scrambled by G-RNTI is enabled if RRC configures presence of HARQ-ACK feedback enabling/disabling indication (HEI) in DCI format 4-2 with CRC scrambled by the G-RNTI. 
Proposal 2: For multicast, DAI indicates the accumulative number of PDSCHs or PDCCHs which require HARQ-ACK feedback information.
Proposal 3: ‘dci-enabler’ is only applicable to Type-2 HARQ-ACK codebook and ignored to Type-1 HARQ-ACK codebook when high layer parameter harq-FeedbackEnablerMulticast is provided with value set to 'dci-enabler'. 
Proposal 4: For multiplexing multiple NACK-only based feedback into one HARQ-ACK codebook, the number of HARQ-ACK information bits and ordering is based cDAI* accumulating the scheduled TBs across different G-RNTIs (support Option 2-1-2 and Option 3-1-2).
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