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1. [bookmark: _GoBack]Introduction
In RAN#86 meeting, the work item of NR support of Multicast and Broadcast Services has been approved [1]. The followings have been identified as the objectives related with physical layer of the work item.
· Specify RAN basic functions for broadcast/multicast for UEs in RRC_CONNECTED state [RAN1, RAN2, RAN3]:
· Specify a group scheduling mechanism to allow UEs to receive Broadcast/Multicast service [RAN1, RAN2]
· This objective includes specifying necessary enhancements that are required to enable simultaneous operation with unicast reception.
· [bookmark: _Hlk47347546][bookmark: _Hlk47366295][bookmark: _Hlk47362778]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]
· Specify RAN basic functions for broadcast/multicast for UEs in RRC_IDLE/ RRC_INACTIVE states [RAN2, RAN1]:
· Specify required changes to enable the reception of Point to Multipoint transmissions by UEs in RRC_IDLE/ RRC_INACTIVE states, with the aim of keeping maximum commonality between RRC_CONNECTED state and RRC_IDLE/RRC_INACTIVE state for the configuration of PTM reception. [RAN2, RAN1].
Note: the possibility of receiving Point to Multipoint transmissions by UEs in RRC_IDLE/ RRC_INACTIVE states, without the need for those UEs to get the configuration of the PTM bearer carrying the Broadcast/Multicast service while in RRC CONNECTED state beforehand, is subject to verification of service subscription and authorization assumptions during the WI. 
In this contribution, we will make discussions on the mechanisms to improve reliability for RRC_CONNECTED UEs.
2. [bookmark: _Ref498564494]Discussion
PDSCH repetition
In NR, PDSCH transmission with repetition is supported to improve reliability, where the number of PDSCH repetitions can be semi-statically configured or dynamically indicated by corresponding DCI. For MBS, PDSCH repetition is one simple way to improve reliability of Broadcast/Multicast service.
Observation 1: Existing PDSCH repetition mechanism can be applied for MBS to improve reliability of Broadcast/Multicast service.
1. 
2. 
HARQ-ACK feedback 
[bookmark: _Ref47365789]HARQ-ACK feedback is beneficial for reliability by link adaption and/or PDSCH retransmission. In NR Rel-15/Rel-16, only HARQ-ACK for unicast PDSCH is supported. To improve reliability of Broadcast/Multicast service, it is proposed to support HARQ-ACK feedback for Broadcast/Multicast service, i.e., for groupcast PDSCH. In addition, considering that the level of reliability should be based on the requirements of the application/service provided, whether to transmit HARQ-ACK feedback should be RRC configurable so that a UE does not need to transmit HARQ-ACK for a PDSCH if there is no need of HARQ-ACK for a Broadcast/Multicast service.
[bookmark: _Ref47730092]Observation 2: To improve reliability of Broadcast/Multicast service for RRC_CONNECTED UEs by HARQ retransmission, HARQ-ACK feedback for groupcast PDSCH is beneficial.
[bookmark: _Ref47365794]Proposal 1: HARQ-ACK feedback for groupcast PDSCH, should be RRC configurable if it is supported.
If HARQ-ACK for groupcast PDSCH is supported, the followings have been identified as some issues to be discussed/decided.
· ACK/NACK feedback or NACK only feedback
Currently, there are two supported HARQ-ACK feedback modes which can be considered for MBS service, i.e., ACK/NACK feedback and NACK only feedback. 
· Option 1: dedicated resource for ACK/NACK feedback
· For the ACK/NACK feedback, a UE will generate ACK or NACK for a TB based on the TB decoding result, and the PUCCH resources for HARQ-ACK feedback needs to be orthogonal among different UEs. gNB can fully get the PDSCH transmission states for each UE. Therefore, it is natural that MBS PDSCH retransmission can be based on unicast PDSCH per UE basis.
· Option 2: common resource for NACK only feedback
· For the NACK only mode, only when a TB is decoded fail, a UE needs to transmit a NACK. For this feedback mode, the PUCCH resources for HARQ-ACK feedback among different UEs can be group common. Thus, it can be benefit from PUCCH resource consumption. However, gNB is unable to tell which UEs or how many UEs are transmitting NACK due to the group common resource. Thus, it is not possible to support MBS PDSCH retransmission through unicast PDSCH. gNB can’t tell it is ACK or DTX even when the feedback resource is UE-specific. In addition, it will bring some additional issues when considering multiplexing between NACK for groupcast PDSCH and other UCI, such as HARQ-ACK for unicast PDSCH, CSI, SR or multiplexing with PUSCH.
Comparisons of these two HARQ-ACK feedback modes are summarized in the following Table 1.
[bookmark: _Ref47361196]Table 1 Comparisons of two different HARQ-ACK feedback modes
	HARQ-ACK feedback mode
	ACK/NACK feedback
	NACK only feedback

	PUCCH resource(s)
	Orthogonal among UEs in an MBS group
	Same PUCCH resource can be shared among UEs in an MBS group

	HARQ-ACK information reception for gNB
	Full HARQ-ACK information, i.e., ACK, NACK or DTX can be got from each UE.
	gNB can determine based on simple energy detection on PUCCH, but gNB can’t tell how many UEs report NACK if the PUCCH resource is group common; gNB can’t determine whether it is ACK or DTX if PUCCH resource is UE-specific.

	MBS PDSCH retransmission
	Can be retransmitted by groupcast or unicast PDSCH
	Can only be retransmitted by groupcast PDSCH

	Multiplexing/prioritization rule of HARQ-ACK for MBS and HARQ-ACK for unicast, CSI, SR or PUSCH
	Can be multiplexed with HARQ-ACK for unicast PDSCH and/or other types of UCI, as well as PUSCH transmission.
	It’s hard to support multiplexing of HARQ-ACK for MBS and HARQ-ACK for unicast PDSCH and/or other types of UCI, as well as PUSCH transmission.



· HARQ-ACK feedback is per PDSCH or is in aggregated manner.
In NR, for unicast PDSCH transmission, 1-bit/2-bit HAR-ACK information for each unicast PDSCH is transmitted, which depends on the number of TBs of each PDSCH and whether the UE is configured with spatial bundling. Noting that, for MBS PDSCH transimssion, the level of reliability is based on the requirements of the application/service provided. In other words, it may not be necessary to support PDSCH retransmission for a certain MBS service and HARQ-ACK feedback for link adaption is enough in that case. If multiple HARQ-ACK transmissions are in the same slot, the HARQ-ACK feedback payload may be very large. In order to save HARQ-ACK payload, aggregated HARQ-ACK feedback, i.e., 1-bit HARQ-ACK for multiple PDSCHs associated with the same PUCCH, can be considered for HARQ-ACK payload offload and power consumption reduction.
· [bookmark: _Hlk47364568]Whether HARQ-ACK for groupcast PDSCH and unicast PDSCH be multiplexed in one HARQ-ACK codebook or not
In NR, a UE will construct one HARQ-ACK codebook in one slot if multiple unicast PDSCHs are scheduled to be transmitted in the same slot, and the UE would transmit the HARQ-ACK codebook on one PUCCH determined based on the HARQ-ACK payload and PRI indicated by the last DCI. If HARQ-ACK feedback for groupcast PDSCH is supported, then one issue needs to be discussed is whether HARQ-ACK for groupcast PDSCH and unicast PDSCH can be multiplexed in one HARQ-ACK codebook or not. Some potential issues as follows are identified if multiplexing is supported.  
· For type 1 HARQ-ACK codebook, a UE will construct the HARQ-ACK codebook based on the TDRA table of PDSCH transmission, if different TDRA tables are used for groupcast PDSCH and unicast PDSCH, when determining candidate PDSCH reception occasions, it may need to take the union of TDRA tables for groupcast and unicast PDSCH. 
· In addition, type 1 codebook can’t support HARQ-ACK feedback for FDMed PDSCHs, then separate construction of HAREQ-ACK codebooks for groupcast PDSCH and unicast PDSCH may be needed if they can be transmitted in FDMed manner. 
· For type 2 HARQ-ACK codebook, DAI is needed to guarantee same understanding on HARQ-ACK payload and order between gNB and UE. If multiplexing of HARQ-ACK for groupcast PDSCH and unicast PDSCH in one HARQ-ACK codebook is supported, separate DAI counting may be needed since a UE can be interested in one or multiple MBS services. 
· For the determination of PUCCH resource, it is possible that the DCI for groupcast PDSCH is the last DCI, so the determination of PUCCH resource may need to be discussed.
[bookmark: _Ref47365799]Proposal 2: If HARQ-ACK for groupcast PDSCH is supported, the followings need to be discussed/decided.
· HARQ-ACK feedback schemes
· Option 1: UE specific HARQ-ACK feedback
· Option 2: Group specific NACK-only feedback
· Aggregated HARQ-ACK feedback, i.e., 1-bit HARQ-ACK for multiple PDSCHs can be considered
· In case of simultaneous groupcast and unicast traffic for the same UE, whether HARQ-ACK for groupcast PDSCH and unicast PDSCH can be multiplexed in one HARQ-ACK CB 
[bookmark: _Hlk40086845]CSI feedback
[bookmark: _Ref47343307]CSI feedback is another effective way to improve reliability of downlink transmission. In NR, differnet CSI feedback types are supported, i.e., periodic CSI report on PUCCH, semi-persident CSI repprt on PUCCH, semi-persident CSI report on PUSCH and a-periodic CSI report on PUSCH. The configuration of CSI measurement and report resource is evry flexible. From our persepcitve, we think the current CSI mechanism can be alppled to for MBS directly.
[bookmark: _Ref47366476]Observation 3: Existing CSI-RS configuration and CSI feedback schemes can be applied for MBS, which improves spectrum efficiency and reliability by better link adaptation.
3. Conclusion
In this contribution, we make discussions on the mechanisms to improve reliability for RRC_CONNECTED UEs, and have the following observations and proposals.
Observation 1: Existing PDSCH repetition mechanism can be applied for MBS to improve reliability of Broadcast/Multicast service.
Observation 2: To improve reliability of Broadcast/Multicast service for RRC_CONNECTED UEs by HARQ retransmission, HARQ-ACK feedback for groupcast PDSCH is beneficial.
Observation 3: Existing CSI-RS configuration and CSI feedback schemes can be applied for MBS, which improves spectrum efficiency and reliability by better link adaptation.
Proposal 1: HARQ-ACK feedback for groupcast PDSCH, should be RRC configurable if it is supported.
Proposal 2: If HARQ-ACK for groupcast PDSCH is supported, the followings need to be discussed/decided.
· HARQ-ACK feedback schemes
· Option 1: UE specific HARQ-ACK feedback
· Option 2: Group specific NACK-only feedback
· Aggregated HARQ-ACK feedback, i.e., 1-bit HARQ-ACK for multiple PDSCHs can be considered
· In case of simultaneous groupcast and unicast traffic for the same UE, whether HARQ-ACK for groupcast PDSCH and unicast PDSCH can be multiplexed in one HARQ-ACK CB 
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