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1. [bookmark: _Toc120549591]Introduction
As the WID in RP-201038 [1], the objectives of reliability improvement for RRC_CONNECTED UE in R17 NR MBS are as the following,
· Specify RAN basic functions for broadcast/multicast for UEs in RRC_CONNECTED state [RAN1, RAN2, RAN3]:
· 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]
In this contribution, high-level concepts for reliability improvement will be discussed.
2. Potential reliability improvement techniques
In this section, some potential reliability improvement techniques are discussed.
2.1 PDSCH repetition
In Rel-15, semi-static PDSCH repetition has been supported for unicast PDSCH as one useful technique to improve the reliability. In Rel-17 MBS, semi-static PDSCH repetition can also be used. However, the spectrum efficiency of repetition is relatively low, and it is hard for network to configure the proper repetition number in the real deployment.
Observation 1: Semi-static PDSCH repetition can be used for reliability improvement, but the spectrum efficiency is low and it is hard for network to configure the proper repetition number.
2.2 UL feedback
Another reliability improvement technique is UL feedback, e.g., CSI feedback and HARQ-ACK feedback. In Rel-13 LTE SC-PTM [2], simulations have been carried out to evaluate the gain of UL feedback, and the evaluations for SC-PTM were performed to provide BLER < 1% for 95% of UEs in the cells where the MBMS service is to be provided.
In TR36.890, the study aimed at supporting the usage of SC-PTM transmission for group communications as defined in 3GPP TS 22.468 and mission critical push to talk as defined in 3GPP TS 22.179. This is consistent with the requirement mentioned in the WID of NR MBS as below, 
“In particular, for public safety and mission critical, we should take into account as much as possible design goals identified during the SA6 Study on enhanced Mission Critical (MC) services over 5G multicast-broadcast system (SP-190726) as captured in TR 23.774 and requirements identified by SA1 in TS22.261, clause 6.13.2, provided that the RAN system complexity is manageable. ”
In TR23.774, section 6.1, the general requirement includes the following,
“The amount of time required for the setup, modification and tearing down of unicast and broadcast / multicast sessions / bearers used for mission critical applications shall be compatible with meeting public safety KPIs (see 3GPP TS 22.179 [2] section 6.15) for call events (e.g. call setup).”
From the above description, we can see that the requirement for public safety and mission critical in the WID of NR MBS and the aimed service of TR36.890 both refer to the same source, i.e., TS22.179. In addition, considering R17 NR MBS is similar to LTE SC-PTM, we think the evaluation results and observation for UL feedback in LTE SC-PTM are also applicable for R17 NR MBS.
Observation 2: Evaluation results and observation for UL feedback in TR 36.890 are also applicable for R17 NR MBS.
In TR36.890, the observation shows that UL feedback can provide large gain as the following, 
“When SC-PTM is used, feedback provides large gain (according to simulations 1, 2 and 3):
-	using group-specific MCS adaptation, the gain is high for small group sizes (i.e. if the number of group users is 4, the spectrum efficiency gain is >100% compared to SC-PTM without feedback) and decreases with increasing group size (i.e. if the number of group users is 10,  the spectrum efficiency gain is about 50% compared to SC-PTM without feedback);
-	using HARQ feedback with up to 2 retransmissions spread in time to exploit time diversity, in addition to CSI feedback, a further gain of about 0.1-0.2 b/s/Hz is achieved regardless of group size in the range of 1-10 group users. This evaluation does not consider HARQ only feedback, which would allow for implicit link adaptation.”
Observation 3: UL feedback can provide large spectrum efficiency gain under the reliability requirement of providing BLER < 1% for 95% of UEs.
As discussed above, UL feedback includes CSI feedback and HARQ-ACK feedback. For CSI feedback, the CSI measurement and report framework designed in Rel-15/16 is flexible enough, and can be directly used for NR MBS for RRC_CONNECTED UEs, e.g., network can configure a proper CSI measurement and report configuration for UE to report the CSI for MBS transmission. Currently, we have not identified any issues which needs further enhancement for CSI feedback.
Observation 4: CSI feedback mechanism in Rel-15/16 can be used for NR MBS, and it seems no additional enhancements are needed for NR MBS.
For HARQ-ACK feedback, the current design in Rel-15/16 is mainly for unicast transmission. For NR MBS, depending on the concrete HARQ-ACK feedback scheme, the following aspect need to be examined and considered, e.g., PUCCH resource determination, HARQ-ACK codebook determination, HARQ-ACK multiplexing/prioritization between multicast and unicast, HARQ process allocation between MBS and unicast, retransmission scheme, etc.
Proposal 1: HARQ-ACK feedback should be enhanced to support R17 NR MBS.
3. HARQ-ACK feedback mechanism for NR MBS
There are two kinds of HARQ-ACK feedback mechanism: ACK/NACK based HARQ-ACK feedback and NACK-only based HARQ-ACK feedback. It is noted that the HARQ-ACK feedback design is also related to the group scheduling mechanism design as discussed in our companion contribution [3]. In the following, we also analyse the spec efforts of different group scheduling mechanisms for different HARQ-ACK feedback mechanisms. 
3.1 ACK/NACK based HARQ-ACK feedback
For ACK/NACK based HARQ-ACK feedback, each UE feedbacks ACK or NACK for a multicast PDSCH. This HARQ feedback mechanism is similar to unicast HARQ-ACK feedback, gNB can know which UE(s) does not receive multicast PDSCH correctly and decide to perform retransmission with multicast or unicast according to the number of UEs who feedback NACK and the UEs’ channel conditions. In order to avoid huge PUCCH overhead, this HARQ-ACK feedback mechanism is more suitable for the case without too many UEs in a group.
3.1.1 Group Common PDCCH based group scheduling
As discussed in our companion contribution [3], the group common PDCCH based group scheduling scheme is similar to LTE SC-PTM. Multiple UEs in one group receive the same group common PDCCH with CRC scrambled with a common RNTI, e.g., G-RNTI, and the PDCCH schedules a group common PDSCH carrying MBS service. If this group scheduling mechanism is used, the following spec impacts are expected.
PUCCH resource determination
For unicast in Rel-15/16, multiple PUCCH resources are configured to a UE by RRC signalling, and then the PUCCH resource indicator in DL grant is further used to indicate one of PUCCH resources for HARQ-ACK feedback. For NR MBS with group common PDCCH based group scheduling, both “RRC configuration” and “RRC configuration + DCI indication” can be used. Regardless of which method to use, network has to reserve one or multiple PUCCH resources for one UE, and the PUCCH resources for different UEs in the same group have to be orthogonal, which is different from unicast and is a new restriction introduced for PUCCH resource configuration for NR MBS and may cause low efficiency of PUCCH resource utilization. The PUCCH resource indicator field in the G-RNTI based DCI can optionally be used to select one of multiple PUCCH resources for each UE to report HARQ-ACK.
HARQ-ACK multiplexing between multicast and unicast/other UCIs
Another potential issue is HARQ-ACK multiplexing between multicast and unicast, and multiplexing between HARQ-ACK and other UCIs. There may be more than one HARQ-ACK feedback in one slot for the same UE, e.g., one is HARQ-ACK feedback for unicast and another is HARQ-ACK feedback for multicast. In addition, other UCIs, e.g., SR and CSI, may also need to be feedback in the same slot with HARQ-ACK feedback for multicast. For these cases, multiplexing/prioritization rules and PUCCH resource determination rules need to be defined, HARQ-ACK codebook determination also needs to be defined which will be discussed below.
HARQ-ACK codebook determination
As the discussion above, the HARQ-ACK feedback for multicast and unicast may be multiplexed to be transmitted on one PUCCH resource determined based on some rules. Therefore, for HARQ-ACK feedback for NR MBS, two cases should be considered. One is HARQ-ACK codebook construction only for multicast, which is applicable to the case that only HARQ-ACK for multicast PDSCH need to be feedback in a slot. The other is HARQ-ACK codebook construction for both multicast and unicast, which is applicable to the case that HARQ-ACK for both multicast and unicast PDSCH need to be feedback in the same slot. 
Observation 5: Large spec impact and standardization effort is expected if ACK/NACK based HARQ-ACK feedback scheme needs to be supported for group common PDCCH based group scheduling. 
Proposal 2: Further to discuss whether to support ACK/NACK based HARQ-ACK feedback for group common PDCCH based group scheduling for NR MBS.
3.1.2 UE-specific PDCCH based group scheduling 
As discussed in our companion contribution [3], UE-specific PDCCH based group scheduling mechanism is the same as unicast transmission from UE perspective, and it is completely based on gNB’s implementation to schedule a group common PDSCH for a group of UEs with UE-specific PDCCHs.
PUCCH resource determination
Each UE has its own scheduling PDCCH, the PUCCH resource configuration and indication rules defined in Rel-15/16, i.e., “RRC configuration + DCI indication”, can be reused for NR MBS. There is no additional spec impact for PUCCH resource determination.
UCI multiplexing
The UCI multiplexing rules defined in Rel-15/16 can be reused for NR MBS.
HARQ-ACK codebook determination
Considering the UE-specific PDCCH for multicast is the same as for unicast transmission, the HARQ-ACK codebook design in Rel-15/16 can be reused when NR MBS is introduced. 
Observation 6: Little spec impact and standardization effort is expected if ACK/NACK based HARQ-ACK feedback scheme needs to be supported for UE-specific PDCCH based group scheduling. 
Proposal 3: ACK/NACK based HARQ-ACK feedback for UE-specific PDCCH based group scheduling can be supported for NR MBS.
[bookmark: _GoBack]3.2 NACK-only based HARQ-ACK feedback
For NACK-only based HARQ-ACK feedback, UEs in the same group only report NACK for multicast PDSCH on the same PUCCH resource with the same sequence. In this HARQ-ACK feedback mechanism, gNB can use simple energy detection to detect whether there is UE did not receive the multicast PDSCH correctly, but cannot know how many UEs report NACK, which may lead to overreaction for retransmission, e.g., only one worst UE reports NACK but gNB will retransmit the PDSCH to all UEs. Compared with ACK/NACK based HARQ-ACK feedback mechanism, NACK-only based feedback may cause inefficient retransmission, but the PUCCH overhead is very small. 
Observation 7: NACK-only based HARQ-ACK feedback may cause inefficient retransmission, but the PUCCH overhead is very small.
NACK-only based HARQ-ACK feedback can be used together with group common PDCCH based group scheduling or UE-specific PDCCH based group scheduling. The following spec impacts can be considered, which are same under two group scheduling mechanisms.
PUCCH resource determination
Network can configure the same shared PUCCH resource(s) for UEs in the same MBS group, and the shared PUCCH can carry 1 bit NACK information by sequence, e.g., PUCCH format 0 could be used. The detailed PUCCH resource determination schemes can be further studied.  
HARQ-ACK multiplexing/dropping between multicast and unicast/other UCIs
For NACK-only based HARQ-ACK feedback, it is difficult to multiplex HARQ-ACK feedback for multicast, HARQ-ACK feedback for unicast and other UCIs on the same PUCCH resource for a UE in a slot. Therefore, additional dropping rules may need to be defined for NR MBS.
3.3 Combination design of group scheduling and HARQ-ACK feedback
In this section, we will discuss the design of group scheduling and HARQ-ACK feedback mechanism together as illustrated in Table 1.
Table 1. Combination design of group scheduling and HARQ feedback mechanism
	HARQ feedback
mechanism
Group scheduling
mechanism
	ACK/NACK based
	NACK-only based

	Group Common PDCCH based
	Large spec impact and standardization effort.
	Can be considered for the case with large number of UEs in a MBS group

	UE-specific PDCCH based
	Easy to support with little spec impact and standardization effort.
	Can be considered for the case with large number of UEs in a MBS group


As summarized in the table, in our view, ACK/NACK based HARQ-ACK feedback mechanism is more suitable for UE-specific PDCCH based group scheduling, and can be used for the case without too many UEs in a MBS group to improve reliability and provide better spectrum efficiency. NACK-only based HARQ-ACK feedback mechanism can be used together with group common PDCCH based group scheduling or UE-specific PDCCH based group scheduling to improve reliability with little PUCCH overhead, especially for the case with large number of UEs in a MBS group.
Proposal 4: NACK-only based HARQ-ACK feedback can be considered for group common PDCCH based group scheduling or UE-specific PDCCH based group scheduling to improve reliability with little PUCCH overhead, especially for the case with large number of UEs in a MBS group.
4. Conclusions
In this contribution, some high-level concepts for reliability improvement in R17 NR MBS are discussed, and the following observations and proposals are made.
Observation 1: Semi-static PDSCH repetition can be used for reliability improvement, but the spectrum efficiency is low and it is hard for network to configure the proper repetition number.
Observation 2: Evaluation results and observation for UL feedback in TR 36.890 are also applicable for R17 NR MBS.
Observation 3: UL feedback can provide large spectrum efficiency gain under the reliability requirement of providing BLER < 1% for 95% of UEs.
Observation 4: CSI feedback mechanism in Rel-15/16 can be used for NR MBS, and it seems no additional enhancements are needed for NR MBS.
Observation 5: Large spec impact and standardization effort is expected if ACK/NACK based HARQ-ACK feedback scheme needs to be supported for group common PDCCH based group scheduling. 
Observation 6: Little spec impact and standardization effort is expected if ACK/NACK based HARQ-ACK feedback scheme needs to be supported for UE-specific PDCCH based group scheduling. 
Observation 7: NACK-only based HARQ-ACK feedback may cause inefficient retransmission, but the PUCCH overhead is very small.

Proposal 1: HARQ-ACK feedback should be enhanced to support R17 NR MBS.
Proposal 2: Further to discuss whether to support ACK/NACK based HARQ-ACK feedback for group common PDCCH based group scheduling for NR MBS.
Proposal 3: ACK/NACK based HARQ-ACK feedback for UE-specific PDCCH based group scheduling can be supported for NR MBS.
Proposal 4: NACK-only based HARQ-ACK feedback can be considered for group common PDCCH based group scheduling or UE-specific PDCCH based group scheduling to improve reliability with little PUCCH overhead, especially for the case with large number of UEs in a MBS group.
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