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1.	Introduction
During TSG RAN #86 3GPP approved a Release-17 Work Item (WI) to introduce support for Multicast and Broadcast Services in NR [1]. The WI contains the following objective for UEs in RRC_CONNECTED state:
· 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.
This contribution presents HARQ-based time-interleaving for NR Multicast/Broadcast transmissions as a potential technique to improve the reliability and/or system capacity for UEs in RRC_CONNECTED, RRC_INACTIVE and RRC_IDLE states.
2.	Discussion
The 3GPP Study on single-cell point-to-multipoint (SC-PTM) for E-UTRA [2] showed that with UL feedback, link adaptation and HARQ retransmissions can improve the system spectral efficiency. 
Observation 1: The 3GPP Study on SC-PTM in LTE showed that Link Adaptation and HARQ retransmissions with UL feedback would improve spectral efficiency.
The gains of link adaptation are larger with low numbers of UEs requesting the PTM transmission and converge to the performance of SC-PTM without UL feedback (i.e. no link adaptation nor HARQ retransmission) as the number of UEs increases. The use of HARQ retransmissions was not found to provide any significant additional improvement on top of the link adaptation gain. However, the performance of HARQ retransmissions only (i.e. without link adaptation) was not evaluated in the SI.
Observation 2: The 3GPP SI on SC-PTM in LTE showed that Link Adaptation would provide significant gains for a low number of UEs while HARQ retransmissions, combined with Link Adaption would provide only a small further improvement.
Observation 3: The performance of HARQ retransmissions only (i.e. without Link Adaption) was not evaluated.
The 3GPP SI in [2] also concluded the following: If the group of UEs receiving SC-PTM consist of UEs in both RRC_IDLE and RRC_CONNECTED states, the link adaptation and/or retransmissions based on CSI and/or HARQ feedback may not be applicable.
During the Work Item on LTE-based 5G Terrestrial Broadcast [3], although not standardised, simulations demonstrated that HARQ-based time-interleaving would have significant performance improvements in terms of reliability or system capacity without the need of UL feedback [4-6]. System capacity improvements close to 30% or SNR gains in the order of 3dB were reported in [4-5] in high mobility scenarios.
Since HARQ-based time-interleaving does not require UL feedback, this approach could be applied to NR Multicast/Broadcast for UEs in RRC_IDLE, RRC_INACTIVE and/or RRC_CONNECTED states. This approach for RRC_CONNECTED state would not require additional specification impact for the UL feedback and maintains commonality between UE’s states.
The performance improvements of HARQ-based time-interleaving due to improved time diversity come at the expense of higher latency, which would be acceptable for applications without severe latency constraints. For such latency-constrained applications, HARQ-based time-interleaving could optionally be deactivated at the transmitter.
Observation 4: HARQ-based time-interleaving as studied in [4-6] provides significant performance improvements in terms of reliability or system capacity without the need of UL feedback at the expense of higher latency.
Observation 5: HARQ-based time-interleaving can improve the reliability and/or system capacity of NR Multicast/Broadcast for UEs in RRC_IDLE, RRC_INACTIVE and RRC_CONNECTED states.
3.	Summary
In this contribution, the following observations have been made:
Observation 1: The 3GPP Study on SC-PTM in LTE showed that Link Adaptation and HARQ retransmissions with UL feedback would improve spectral efficiency.
Observation 2: The 3GPP SI on SC-PTM in LTE showed that Link Adaptation would provide significant gains for a low number of UEs while HARQ retransmissions, combined with Link Adaption would provide only a small further improvement.
[bookmark: _GoBack]Observation 3: The performance of HARQ retransmissions only (i.e. without Link Adaption) was not evaluated.
Observation 4: HARQ-based time-interleaving as studied in [4-6] provides significant performance improvements in terms of reliability or system capacity without the need of UL feedback at the expense of higher latency.
Observation 5: HARQ-based time-interleaving can improve the reliability and/or system capacity of NR Multicast/Broadcast for UEs in RRC_IDLE, RRC_INACTIVE and RRC_CONNECTED states.
Based on these observations we make the following recommendation:
Recommendation: Discuss the possibility to include HARQ-based time-interleaving for NR Multicast/Broadcast for UEs in RRC_IDLE, RRC_INACTIVE and/or RRC_CONNECTED states.
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