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1. Introduction 
In this document, we will present our views on the remaining details of UE feedback and retransmission to improve reliability for Multicast RRC_CONNECTED UEs.
2. Discussion 
2.1 [bookmark: _Toc4628301][bookmark: _Toc4689599][bookmark: _Toc512892215][bookmark: _Toc505612407][bookmark: _Toc505612410]FDMed Type-1 HARQ-ACK feedback codebook
In previous RAN1 meeting, we have the following agreement, which has not been reflected in 38.213 yet [1]. 
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.

Based on the above agreement, it is clear that a sub-codebook per G-RNTI will be generated, which is not dependent on same or different TDRA tables. Referring to NR Rel-16 multi-TRP feature, a sub-codebook per TRP is generated even if their TDRA table is common. 
We have another RAN1 agreement to say the common TDRA table is applied for multicast G-RNTI(s) per cell.

Agreement
For a UE that supports multicast, the same TDRA table applies to all G-RNTIs if configured on a given serving cell. 

However, the TDRA table per cell could be separately configured. If a UE is capable to receiving multicast in multiple CCs, the G-RNTI(s) in different cells may have different TDRA tables. For example, G-RNTI1 is configured with TDRA1 on CC1 and G-RNTI2 is configured with TDRA2 on CC2. In this case, a single sub-codebook for G-RNTI1 and G-RNTI2 is not feasible and a sub-codebook per G-RNTI should be applied. Therefore, we propose the following changes for 9.1.2 of 38.213 to reflect the RAN1 agreement on FDM-ed Type-1 codebook pattern: 

Proposal 1: Agree on TP#1 for TS38.213 to reflect the RAN1 agreement of the FDMed Type-1 HARQ-ACK feedback pattern.

Regarding the Type-1 codebook size when multiple G-RNTIs are configured, the UE may not need to generate all the G-RNTIs configured via unicast RRC signalling. It is more efficient for UE to monitor the PDCCH and generate the feedback sub-codebooks for activated G-RNTI(s) for PTM transmission (e.g., via L2-based dynamic PTM activation/deactivation). 

Proposal 2: For RRC_CONNECTED multicast UEs, it can be configured to generate the Type-1 HARQ-ACK feedback codebook for the G-RNTI(s) activated via L2 signaling.
TP#1 for TS38.213:
9.1.2	Type-1 HARQ-ACK codebook determination
*** 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 format associated with a G-RNTI
-	a serving cell is placed in a first unicast set  of  serving cells if the UE is configured to monitor PDCCH for unicast DCI formats 1_0/1_1/1_2 for scheduling on serving cell , and
-	a serving cell is placed in a second multicast set  of  serving cells if the UE is configured to monitor PDCCH for multicast DCI formats associated with a G-RNTI for scheduling on serving cell , and
-	serving cells are placed in a set by concatenating the unicast set followed by the other multicast sets according to an ascending order of a serving cell indexthe 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 ***


2.2 NACK-only-based HARQ-ACK feedback

In case of more than one/two bits NACK-only-based HARQ-ACK feedback in a PUCCH slot, RAN1 has listed alternatives as follows:

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

For Alt1, the PUCCH for ACK/NACK-based feedback may not be available. So, we think Alt4 should be prioritized. The specific sequence can be adding the cyclic shift/scrambling on top of base PUCCH sequence. The maximum number of NACK-only-based HARQ-ACK feedback to be multiplexed in the same PUCCH slot may be subject to UE capability. 
The UEs may monitor/feedback different G-RNTIs. From one UE perspective, it only needs to generate the feedback for the monitored multicast G-RNTIs. When more than one NACK-only-based feedback are available for transmission in the same PUCCH slot, the (2^X-1) orthogonal PUCCH resources can be allocated for up to X TBs of the monitored G-RNTI(s). If there are more than X TBs using NACK-only based feedback in a PUCCH slot, gNB should configure a PUCCH or PUSCH resource for UE to multiplex the more than X feedback bits by transforming NACK-only into the ACK / NACK HARQ bit.


Proposal 3: For RRC_CONNECTED UEs, when more than one NACK-only based feedback are available for transmission in the same PUCCH slot, 
· for up to X TBs with NACK-only feedback, support Alt4 to select one from up to (2^X-1) PUCCH sequences based on cyclic shift/scrambling;
· for more than X TBs with NACK-only feedback, support Alt1 to use a configured UE-specific PUCCH/PUSCH resource for multiplexing.
2.3 Slot-level repetition for Multicast PDSCH

For RRC_CONNECTED UEs, we have agreed to support slot-level repetition for GC-PDSCH. In current spec of TS 38.214, for multicast PDSCH, the slot-level repetition using pdsch-AggregationFactor configured in PDSCH-Config-Multicast is only applied to DCI format 4_2.  On the other hand, for broadcast MTCH PDSCH, the slot-level repetition using pdsch-AggregationFactor configured in PDSCH-Config-Broadcast is supported for DCI format 4_0. It is straightforward to support the pdsch-AggregationFactor configured in PDSCH-Config-Multicast for multicast PDSCH scheduled by DCI format 4_1, which reuses the existing RRC signalling and does not need additional UE complexity.

Proposal 4: Support pdsch-AggregationFactor configured in PDSCH-Config-Multicast for DCI format 4_1, similar as that of DCI format 4_2.
· Agree TP#2 for TS38.214.
TP#2 for TS38.214:
[bookmark: _Toc11352084][bookmark: _Toc20317974][bookmark: _Toc27299872][bookmark: _Toc29673137][bookmark: _Toc29673278][bookmark: _Toc29674271][bookmark: _Toc36645501][bookmark: _Toc45810546][bookmark: _Toc83310131]5.1.2.1	Resource allocation in time domain
*** Unchanged text is omitted ***

[bookmark: _Hlk86246980]When receiving PDSCH scheduled by DCI format 4_1/4_2 in PDCCH with CRC scrambled by G-RNTI or G-CS-RNTI with NDI=1, if the UE is configured with pdsch-AggregationFactor in the pdsch-Config-Multicast associated with the corresponding G-RNTI or in the associated SPS-Config-Multicast activated by the DCI format 4_1/4_2 with CRC scrambled by G-CS-RNTI, the same symbol allocation is applied across the pdsch-AggregationFactor consecutive slots. When receiving PDSCH scheduled by DCI format 4_1/4_2 for multicast reception in PDCCH with CRC scrambled by G-CS-RNTI with NDI = 0, or PDSCH without corresponding PDCCH transmission using associated [SPS-Config-Multicast] and activated by the DCI format 4_1/4_2 in PDCCH with CRC scrambled by G-CS-RNTI, the same symbol allocation is applied across the pdsch-AggregationFactor, in associated SPS-Config-Multicast if configured, or 1 otherwise, consecutive slots. When receiving PDSCH scheduled by DCI format 4_0 in PDCCH with CRC scrambled by G-RNTI for MTCH, if the UE is configured with pdsch-AggregationFactor in the pdsch-Config-Broadcast, the same symbol allocation is applied across the pdsch-AggregationFactor consecutive slots.
When receiving PDSCH scheduled by DCI in PDCCH with CRC scrambled by G-CS-RNTI for multicast reception or G-RNTI, if the DCI field 'Time domain resource assignment' indicates an entry which contains repetitionNumber in PDSCH-TimeDomainResourceAllocation in the PDSCH-Config-Multicast or PDSCH-Config-Broadcast, the same SLIV is applied for all PDSCH transmission occasions across the repetitionNumber consecutive slots. When receiving PDSCH scheduled without corresponding PDCCH transmission using associated SPS-Config-Multicast and activated by DCI in PDCCH with CRC scrambled by G-CS-RNTI for multicast reception, if the DCI field 'Time domain resource assignment' of the activating DCI indicates an entry which contains repetitionNumber in PDSCH-TimeDomainResourceAllocation in the PDSCH-Config-Multicast, the same SLIV is applied for all PDSCH transmission occasions across the repetitionNumber consecutive slots. 
*** Unchanged text is omitted ***



3. Conclusion
	In this contribution, we discussed various aspects related to NR multicast reliability with the following proposals: 
[bookmark: _Hlk512894710]

For Type-1 HARQ-ACK feedback codebook,
Proposal 1: Agree on TP#1 for TS38.213 to reflect the RAN1 agreement of the FDMed Type-1 HARQ-ACK feedback pattern.

Proposal 2: For RRC_CONNECTED multicast UEs, it can be configured to generate the Type-1 HARQ-ACK feedback codebook for the G-RNTI(s) activated via L2 signaling.

For NACK-only-based feedback,
Proposal 3: For RRC_CONNECTED UEs, when more than one NACK-only based feedback are available for transmission in the same PUCCH slot, 
· for up to X TBs with NACK-only feedback, support Alt4 to select one from up to (2^X-1) PUCCH sequences based on cyclic shift/scrambling;
· for more than X TBs with NACK-only feedback, support Alt1 to use a configured UE-specific PUCCH/PUSCH resource for multiplexing.

For slot-level repetition,
Proposal 3: Support pdsch-AggregationFactor configured in PDSCH-Config-Multicast for DCI format 4_1, similar as that of DCI format 4_2.
· Agree TP#2 for TS38.214.
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