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During RAN#88e meeting, the revised WI on NR MBS has been approved with the following objectives [1]. There are mainly three objectives related to RAN1.
1. Specify a group scheduling mechanism to allow UEs to receive Broadcast/Multicast service for RRC_CONNECTED UEs;
2. Specify required changes to improve reliability of Broadcast/Multicast service for RRC_CONNECTED UEs;
3. Specify RAN basic functions for broadcast/multicast for UEs in RRC_IDLE/ RRC_INACTIVE states.
In this contribution, we focus on candidate mechanisms to improve reliability of Broadcast/Multicast service for RRC_CONNECTED UE. 
	The set of objectives includes:
· 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.
· Specify support for dynamic change of Broadcast/Multicast service delivery between multicast (PTM) and unicast (PTP) with service continuity for a given UE [RAN2, RAN3]
· Specify support for basic mobility with service continuity [RAN2, RAN3]
· Assuming that the necessary coordination function (like functions hosted by MCE, if any) resides in the gNB-CU, specify required changes on the RAN architecture and interfaces, considering the results of the SA2 SI on Broadcast/Multicast (SP-190625) [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]
· Study the support for dynamic control of the Broadcast/Multicast transmission area within one gNB-DU and specify what is needed to enable it, if anything [RAN2, RAN3]
· 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. 



Discussion
Candidate mechanisms to improve reliability
Different mechanisms can be considered to improve reliability of Broadcast/Multicast service for RRC_CONNECTED UEs. Such as, repetition, conservative scheduling, HARQ-ACK feedback and CSI feedback, etc. 
Comparison of different reliability improvement mechanisms have been summarized in Table 1 considering the signaling overhead, system efficiency, standardization complexity and commonality between broadcast and multicast. 
Table 1: Comparison of different reliability improvement mechanisms
	Candidate mechanisms
	Signaling overhead
	System efficiency
	Standardization complexity
	Commonality for Broadcast and Multicast services

	HARQ-ACK feedback
	medium
	High
	high
	No

	CSI feedback
	high
	High
	medium
	No

	Repetition
	low
	Low ~ medium
	low
	Yes

	Conservative scheduling
	-
	Low
	low
	Yes



For conservative scheduling mechanism, it is almost an implementation scheme by using more conservative transmission parameters, e.g., lower MCS, through which little additional standardization effort is required. 
For repetition mechanism, it is also supported in current specification. That is, number of repetitions can be configured by RRC signaling semi-statically. For further improving system efficiency, indicating the number of repetitions in DCI, as already introduced for DG-PUSCH in Rel-16 URLLC, can be reused for MBS. 
For CSI feedback, most of R15/R16 mechanism can be reused. For example, the same wideband PMI with cycling of subband PMIs can be used for multicast to UEs with the same reported wideband PMI.  The current spec supports CQI reporting for such transmission mode with reportQuantity set to 'cri-RI-i1-CQI' in CSI reporting. In addition, CSI feedback considering closed-loop spatial multiplexing can be reused for MBS.  Further processing (e.g. averaging) can be done at gNB taking into account of CSI reports of the targeted UEs.  
Proposal 1: For NR MBS, consider conservative scheduling, repetition and CSI feedback as basic mechanisms for reliability improvement.
Regarding HARQ-ACK feedback, the previous work and conclusions in LTE SC-PTM can serve as a starting point for NR MBS. More specifically, some preliminary evaluations on spectrum efficiency between ‘SC-PTM with CQI and HARQ ACK/NACK feedback’ and ‘SC-PTM with CQI feedback only and eOLLA’ had been done. Conclusions were made as follows [2]. 
	9 Conclusions
...
SC-PTM performance in terms of spectral efficiency was evaluated by the simulations. The performance analysis results in the following conclusions:
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]-	Link adaptation allowed by the availability of UL feedback provides significant gains when the number of receiving UEs is rather small and decreases with increasing group size. HARQ with retransmissions can further improve the spectral efficiency in some scenarios but these improvements are small. It has not been concluded whether the gains provided by HARQ and retransmission are worth of the increased complexity of the system. 



Observation 1: For LTE SC-PTM, HARQ with retransmissions can further improve the spectral efficiency in some scenarios but these improvements are small. It has not been concluded whether the gains provided by HARQ and retransmission are worth of the increased complexity of the system.
[bookmark: OLE_LINK9]For NR MBS, the deployment scenarios have changed compared with LTE SC-PTM. The simulation assumptions, e.g., frequency, bandwidth, traffic model and antenna configuration, etc., should be updated accordingly. It is questionable on whether/under which conditions/how much gain can be got by supporting HARQ-ACK feedback under the new simulation assumptions. So some more careful evaluations on the gain of supporting HARQ-ACK feedback in NR MBS should be done ahead of specific mechanism design. 
Furthermore, as discussed in the section 2.2, quite a number of issues should be addressed for supporting HARQ-ACK feedback in NR MBS. We should study the potential gain and the standardization impact to decide which scheme(s) for reliability improvement should be enhanced in Rel-17. 
Proposal 2: RAN1 studies the potential gain and standardization impact for HARQ-ACK for NR MBS.
HARQ-ACK for Multicast
In Rel-16 NR, the existing HARQ-ACK feedback mainly includes: HARQ-ACK feedback and NACK-only feedback. HARQ-ACK feedback is divided into semi-static HARQ-ACK codebook and dynamic HARQ-ACK codebook, which are widely used. While NACK only based solution is only supported in NR V2X for now.
In order to support HARQ-ACK feedback for MBS services, solutions based on existing technologies can to be considered. In the following sub-sections, we provide our analysis on HARQ-ACK feedback and NACK only feedback.
HARQ-ACK feedback
In order to support HARQ-ACK feedback for NR MBS, some potential problems are analyzed as below.
· PUCCH resource configuration and determination for HARQ-ACK codebook
For NR multicast, it is expected that all the UEs in the same MBS group share the same DCI carried by PDCCH and share the same PDSCH. In this case, the spectrum efficiency can be maximized. However, if all the UEs in the same MBS group share the same DCI carried by PDCCH, all these UEs have to share the same K1 and PRI, which would incur some potential restrictions to the network implementation.
Firstly, it may increase the complexity of PUCCH resource configuration for different UEs. The PUCCH resources configured to different UEs in an MBS group should be orthogonal, so that it can effectively avoid resource conflicts when transmitting HARQ-ACKs by different UEs in the same MBS group. Considering that the UE can dynamically join or leave an MBS group, it is pretty difficult to guarantee that the PUCCH resources for all UEs are orthogonal, especially if all UEs in the same MBS group share the same K1 and PRI.
Observation 2: Regarding HARQ-ACK feedback for NR MBS, it is hard to guarantee orthogonal PUCCH resource for each UE if all UEs in the same MBS group share the same K1 and PRI.
Secondly, it may lead to shortage of PUCCH resource in a certain slot. Similar as PUCCH resource determination for unicast operation, PUCCH resource determination for NR MBS is assumed to be based on K1 and PRI from the same last PDCCH for different UEs in an MBS group as all these UEs share the same DCI carried by PDCCH. This will cause a shortage of PUCCH resources in one UL slot if too many UEs in the same MBS group are instructed to transmit PUCCH in the same UL slot.
Observation 3: Regarding HARQ-ACK feedback for NR MBS, it leads to PUCCH resource shortage in one slot if a large number of UEs in the same MBS group share the same K1 indicating to the same PUCCH slot.
It is preferred that the enhancement on HARQ-ACK for NR MBS can resolve the above mentioned two issues. If UE receives both unicast and multicast, then the PUCCH resource can also be determined by the last PDCCH corresponding to the unicast. Mechanisms similar to unicast PUCCH resource determination can be introduced for NR MBS, then the complexity of network configuration can be reduced. With this, even for UEs receiving multicast, they can have separate indication of K1 and PRI.
Proposal 3: Regarding HARQ-ACK feedback for NR MBS, UE determines the PUCCH resource for HARQ-ACK feedback for NR MS based on the last unicast PDCCH if UE receives both unicast and multicast at the same time.
· Construction of HARQ-ACK codebook containing HARQ-ACK of MBS service
For a UE that only receives MBS services, the following mechanisms on constructing a HARQ-ACK codebook with only MBMS services can be considered.
For the MBS service, the semi-static HARQ-ACK codebook can be constructed according to the period of the MBS service, and the UE generates a HARQ-ACK at each period of MBMS service, which is similar to constructing a HARQ-ACK codebook with only SPS PDSCH. 
Correspondingly, the dynamic HARQ-ACK codebook can be constructed based on the DAI of the PDCCH scheduling MBMS PDSCH. The DAI count is configured per MBS service. If the UE receives multiple MBS services at the same time, then the UE should generate HARQ-ACK sub-codebook for each MBS service according to the above method, and concatenate these sub-codebooks in order to obtain the final HARQ-ACK codebook.
Obviously, some necessary HARQ-ACK codebook construction mechanisms need to be specified.
Proposal 4: Regarding HARQ-ACK feedback for NR MBS for UEs only receiving MBS service, consider the following mechanisms.
· Semi-static HARQ-ACK codebook based on the SLIVs
· Dynamic HARQ-ACK codebook. UE generates one sub-codebook per MBS service and concatenates all the sub-codebooks together.
For a UE that receives unicast services and MBS services at the same time, methods on how to construct a HARQ-ACK codebook that includes both unicast HARQ-ACK and MBS HARQ-ACK are analyzed as follows.
For the semi-static HARQ-ACK codebook, construction mechanism in Rel-16 can be reused. The UE always constructs a semi-static HARQ-ACK codebook according to the union of the PDSCH sets of the unicast service and the MBS service.
One possible method for dynamic HARQ-ACK codebooks is to concatenate the codebook for unicast and codebook for multicast together. The unicast service is independently constructed as the HARQ-ACK sub-codebook 1 according to the existing Rel-16 mechanism, and the MBS service is independently constructed as the HARQ-ACK sub-codebook 2 according to the above method. The UE concatenates HARQ-ACK sub-codebook 1 and HARQ-ACK sub-codebook 2 in order to obtain a final dynamic HARQ-ACK codebook.
Proposal 5: Regarding HARQ-ACK feedback for NR MBS for UEs receiving both unicast and MBS service, UE generates sub-codebook for unicast and MBS service separately and concatenates the sub-codebooks together.
· Time domain overlap between MBS PUCCH and unicast PUCCH
For the time domain overlap of MBS PUCCH and unicast PUCCH, the existing multiplexing rules can be reused, but some new problems may be raised, for example, the physical layer priority corresponding to MBS HARQ-ACK needs to be determined first.
Proposal 6: Regarding HARQ-ACK feedback for NR MBS for UEs receiving both unicast and MBS service, further study the PUCCH multiplexing mechanisms between unicast and MBS.
· The retransmission of MBS
For MBS service retransmission, both PTM and PTP can be considered. The PTM can save MBMS service resources, especially when the number of UEs that need to be retransmitted is large. The PTP can provide better coverage with dedicated beam information, if the UE that needs to retransmit is located at the edge of the cell. We believe that both mechanisms should be supported. For PTP-based retransmission, some work is still needed to perform the switch between PTM initial transmission and PTP retransmission.。
Proposal 7: Both PTM-based and PTP-based retransmissions can be considered for NR MBS.
NACK only feedback
[bookmark: OLE_LINK1]For NACK only feedback, different UEs in an MBS group can share the same PUCCH resource. Compared with HARQ-ACK feedback, it can significantly save PUCCH resources, and the more UEs receive MBS, the more resources can be saved. According to the PUCCH resource comparison between NACK only feedback and HARQ-ACK feedback in the appendix, more than 50% resource can be saved when there are 20 UEs. In addition, it can mitigate the shortage of PUCCH resources in a UL slot caused by common K1 and PRI for all UEs in the same MBS group. 
[bookmark: OLE_LINK2]Observation 4: Compared with HARQ-ACK feedback, NACK only feedback can significantly save PUCCH resources.
PUCCH resources can be configured per MBS service. The UE receiving the MBS service can feed back in the corresponding PUCCH resource. 
· Determination of PUCCH resources for NACK only feedback
Since NACK only feedback cannot support the HARQ-ACK codebook, it will increase the number of UE feedback, which is not beneficial to save PUCCH resources in the time domain. If NACK only feedback is supported, then RAN1 should study some ways to save PUCCH resources in the time domain.
The PUCCH resource can be determined for NACK only feedback based on K1 and PRI in a PDCCH corresponding to an MBS group scheduled by the PDCCH.
· Time domain overlap between NACK only PUCCH and unicast PUCCH
NACK only feedback is that multiple UEs share the same PUCCH resource in order to feed back NACK. If a NACK only PUCCH conflicts with the PUCCH/PUSCH of unicast service in the time domain, how to resolve the time domain overlap should also be studied.
For NACK only feedback, gNB cannot know how many UEs and which UE has performed NACK feedback, so the retransmission method can only be PTM.
Proposal 8: If NACK-only feedback is supported for NR MBS, at least the following issues should be considered.
· PUCCH resource configuration and determination
· Time domain overlap between NACK only PUCCH and unicast PUCCH

CSI feedback for Multicast
In NR system, flexible CSI-RS Resource configuration and CSI Report configuration can already be supported. With the help of CSI measurement and feedback, gNB can perform better link adaptation, thus dynamically adopting adaptive MCS, precoding, and beam to send PDSCH, which is beneficial to the improvement of transmission reliability and system spectrum efficiency.
In LTE SC-PTM, TM1 (port 0 single port) and TM2 (transmit diversity) are supported for MBS PDSCH scheduled by SC-RNTI or G-RNTI. The support of TM1 can be considered as a fallback scheme. For the realization of TM2, according to the configuration of PBCH ports, 2-port or 4-port SFBC can be used, correspondingly, the MBS PDSCH demodulation is based on a 2-port or 4-port CRS.
In NR system, CRS no longer exists. PDSCH transmission can only be demodulated based on DMRS. For the scheme of transmit diversity, which can be realized by the gNB but without any standardization. Therefore, for NR MBS PDSCH transmission, candidate transmission modes include single port transmission, open-loop spatial multiplexing and closed-loop spatial multiplexing. In our companion document [3], some system simulation results are given with single port transmission, open-loop spatial multiplexing, and closed-loop spatial multiplexing. From the simulation results, it can be seen that the closed-loop spatial multiplexing based on CSI feedback can obtain significant performance gain compared with the other two schemes. Therefore, we propose to support closed-loop spatial multiplexing based on CSI feedback for MBS PDSCH, which is also consistent with unicast PDSCH in NR.
Observation 5: CSI feedback is beneficial to improve the reliability of NR broadcast/multicast.
Proposal 9: Consider the following mechanisms for NR multicast, i.e., single port transmission, open-loop spatial multiplexing, and closed-loop spatial multiplexing.

Conclusion
In this contribution, we discuss the potential candidate solutions to improve reliability for NR MBS with the following observations and proposals.
Observation 1: For LTE SC-PTM, HARQ with retransmissions can further improve the spectral efficiency in some scenarios but these improvements are small. It has not been concluded whether the gains provided by HARQ and retransmission are worth of the increased complexity of the system.
Observation 2: Regarding HARQ-ACK feedback for NR MBS, it is hard to guarantee orthogonal PUCCH resource for each UE if all UEs in the same MBS group share the same K1 and PRI.
Observation 3: Regarding HARQ-ACK feedback for NR MBS, it leads to PUCCH resource shortage in one slot if a large number of UEs in the same MBS group share the same K1 indicating to the same PUCCH slot.
Observation 4: Compared with HARQ-ACK feedback, NACK only feedback can significantly save PUCCH resources.
Observation 5: CSI feedback is beneficial to improve the reliability of NR broadcast/multicast.

Proposal 1: For NR MBS, consider conservative scheduling, repetition and CSI feedback as basic mechanisms for reliability improvement.
Proposal 2: RAN1 studies the potential gain and standardization impact for HARQ-ACK for NR MBS.
Proposal 3: Regarding HARQ-ACK feedback for NR MBS, UE determines the PUCCH resource for HARQ-ACK feedback for NR MS based on the last unicast PDCCH if UE receives both unicast and multicast at the same time.
Proposal 4: Regarding HARQ-ACK feedback for NR MBS for UEs only receiving MBS service, consider the following mechanisms.
· Semi-static HARQ-ACK codebook based on the SLIVs
· Dynamic HARQ-ACK codebook. UE generates one sub-codebook per MBS service and concatenates all the sub-codebooks together.
Proposal 5: Regarding HARQ-ACK feedback for NR MBS for UEs receiving both unicast and MBS service, UE generates sub-codebook for unicast and MBS service separately and concatenates the sub-codebooks together.
Proposal 6: Regarding HARQ-ACK feedback for NR MBS for UEs receiving both unicast and MBS service, further study the PUCCH multiplexing mechanisms between unicast and MBS.
Proposal 7: Both PTM-based and PTP-based retransmissions can be considered for NR MBS.
Proposal 8: If NACK-only feedback is supported for NR MBS, at least the following issues should be considered.
· PUCCH resource configuration and determination
· Time domain overlap between NACK only PUCCH and unicast PUCCH
Proposal 9: Consider the following mechanisms for NR multicast, i.e., single port transmission, open-loop spatial multiplexing, and closed-loop spatial multiplexing.
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Appendix


The simulation result for PUCCH resource comparison between NACK only feedback and HARQ-ACK feedback is shown in Figure 1. In the simulation, the network transmits totally 8 multicast services and the UE receives some of these multicast services, in which the UE is interested. PUCCH format 0 with 1 OFDM symbol is used for NACK-only feedback. Since totally 12 sequences can be multiplexed on a PRB and each PUCCH resource for NACK-only feedback occupies only one sequence, the overhead of a PUCCH resource for NACK-only feedback is 1 RE. If a UE receives M multicast services, 2^M-1 PUCCH resources are needed for a UE to indicate the NACK feedback for one or more multicast services. N*(2^M-1) PUCCH resources are needed for N UEs. Considering the fact that a PUCCH resource for NACK-only can be shared by many UEs, the maximum number of PUCCH resources is  , where K is the total number of the multicast services that the network transmits. Therefore, the overhead of the PUCCH resources for N UEs is .



[bookmark: _GoBack]PUCCH format 2 with 1 OFDM symbol is used for HARQ-ACK feedback. There are 8 REs within a PRB for data mapping. QPSK is used for modulation. The overhead of a PUCCH for a UE is , where r is the code rate. In the simulation, an average overhead for a PUCCH is used, i.e. , where r=0.08, 0.15, 0.25, 035, 0.45, 0.6, 0.8. Therefore, the overhead of PUCCH resources for N UEs is .
It can be seen that NACK-only feedback always costs fewer resources than HARQ-ACK feedback. 
[image: ]
Figure 1: PUCCH resource comparison between NACK only feedback and HARQ-ACK feedback
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