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1. Introduction
In this paper, reliability aspects of NR multicast and broadcast services (MBS) for RRC_CONECTED UEs are discussed. The new work item on NR Support of Multicast and Broadcast Services [1] has the following objectives for normative work on NR MBS related to improving the reliability of multicast/broadcast service:
	· 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]


Additionally, the following restrictions are also provided in  [1] with respect to the scope of work expected in Release 17 NR:
	· Physical layer: limit the scope of this WI to current Rel-15 numerologies, physical channels (PDCCH/PDSCH) and signals.
· FR2: we assume that there are no issues to provide Multicast / Broadcast transmissions in FR2. If any enhancements are needed it should be treated with lower priority compared to the minimum set of objectives above.
· In order to facilitate implementation and deployment of the feature, the overall implementation impact should be limited, and the UE complexity should be minimized (e.g. device hardware impact should be avoided). 
· SFN provides synchronized delivery of user plane packets over the air from different cells. No standardized support specifically for SFN, is provided in this WI. Any SFN operation is transparent to the UE, and any related synchronization is left to network implementation. The existing QCL framework (based on SSB and CSI-RS) is reused.
· Flexible resource allocation between Unicast and Broadcast/Multicast services should be possible in this WI, but resource allocation up to 100% to Broadcast/Multicast is not guaranteed requirement in this WI.


Based on the WID objectives while accounting for the restrictions above, in this paper, we provide discussion and proposals on mechanisms for improving the reliability of NR based multicast and broadcast services within a single cell.
2. Discussion 
In this section we provide initial details on design considerations for reliability mechanisms for NR MBS including potential evaluations. While the discussion focuses on RRC_CONNECTED UEs, the fact that RRC_IDLE or RRC_INACTIVE UEs will also be supported is also considered.
The two main paradigms for improving the reliability of NR MBS groupcast transmissions are feedback-based schemes and repetition-based schemes. 
2.1. Improving Reliability based on UL Feedback
The impact of feedback on LTE SC-PTM was studied and reported in [2]. It was seen that uplink feedback can significantly improve performance of single-cell multicast compared to the case without any feedback. Some results also showed minor benefits of CQI + HARQ/ACK compared to the case of CQI only along with enhanced OLLA. It was also shown that the gains were particularly high for SC-PTM with a small number of users per cell and that it even outperformed MBSFN in some cases. However, UL feedback-based schemes have not been specified in LTE MBMS. SC-PTM based multicast was also specified for feMTC/eNB-IoT, but both these technologies only support RRC_IDLE UEs and therefore UL feedback is not available. 
For NR MBS, for the case of RRC_CONNECTED UEs, the efficiency of UL feedback-based schemes should be further evaluated to identify the specific gains. To this end, the following is proposed
[bookmark: _Hlk47564468]Proposal 1: Evaluate and specify, if needed, UL feedback schemes to improve reliability of MBS for RRC_CONNECTED UEs
· Option 1 - No UL feedback. In this case MCS is fixed by gNB for all UEs in the group and limited by the UE with the worst coverage in the group.
· Option 2 - CQI feedback only without HARQ/ACK feedback. Group specific MCS adaptation based on CQI feedback from the group
· Option 3 - HARQ/ACK feedback only without CQI feedback. 
· Option 4 - CQI and HARQ/ACK feedback

The four baseline options can be evaluated in RAN1 with additional enhancements to identify which mechanisms provide the highest gains. For this purpose, SLS can be used as a baseline tool for evaluations. UE grouping and scheduling can be further discussed to bring parity in evaluation assumptions across companies.

2.1.1. HARQ/ACK Procedure
If HARQ/ACK feedback is considered for NR MBS, some functionality from NR Sidelink HARQ procedure can be re-used [5]. To this, end options with both ACK/NACK feedback or with NACK only feedback can be considered. 
[bookmark: _Hlk47564525]Proposal 2: For HARQ feedback, following options can be considered
Option 1 - Both ACK/NACK feedback is used
Option 2 - UEs send only NACK possibly using shared PUCCH resource 

In the case HARQ/ACK feedback is further considered, there should be a mechanism to optionally configure HARQ/ACK to be switched off. 

One major feature update in NR is the introduction of CBG based retransmissions wherein UEs can signal which CBs failed and only those CBs need to be retransmitted instead of the entire TB. However, in the case of groupcast, each UE in the group might face independent CB failures and the entire TB will need to be retransmitted. Furthermore, retransmissions are also limited by the worst UEs in the group. Advanced retransmission schemes can be considered to mitigate at least some of the above issues.

Proposal 3: For NR-MBS HARQ, advanced retransmission schemes can be considered to address at least the
following limitations
· Minimize overhead due to TB retransmissions since CBG based retransmission is not useful if different CBs of different UEs can fail
· Retransmission is always limited by the coverage of the worst UE in the group

2.2. Improving Reliability based on Repetition
Another alternative is to use repetition-based schemes without the need for HARQ feedback. Note that CQI feedback can still be utilized. One major motivation for considering repetition without HARQ is the fact that such schemes can support both RRC_CONNECTED and RRC_IDLE/INACTIVE UEs. Alternately, a combination of repetition and HARQ based reliability enhancement can also be considered.
[bookmark: _Hlk47564572]Proposal 4: Repetition based schemes with or without HARQ feedback can be considered for reliability improvement of NR MBS
Based on supported PDSCH mapping types and scheduling mechanism, repetitions within and across NR slots can be supported. 
3. Conclusions
In this paper, design options and related evaluations were proposed for reliability improvements for NR MBS. To this end, the following proposals were made:
1. Evaluate and specify, if needed, UL feedback schemes to improve reliability of MBS for RRC_CONNECTED UEs
· Option 1 - No UL feedback. In this case MCS is fixed by gNB for all UEs in the group and limited by the UE with the worst coverage in the group.
· Option 2 - CQI feedback only without HARQ/ACK feedback. Group specific MCS adaptation based on CQI feedback from the group
· Option 3 - HARQ/ACK feedback only without CQI feedback. 
· Option 4 - CQI and HARQ/ACK feedback
2. For HARQ feedback, following options can be considered
· Option 1 - Both ACK/NACK feedback is used
· Option 2 - UEs send only NACK possibly using shared PUCCH resource 
3. For NR-MBS HARQ, advanced retransmission schemes can be considered
4. Repetition based schemes with or without HARQ feedback can be considered for reliability improvement of NR MBS
[bookmark: _GoBack]
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