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Introduction
A new Rel-17 work Item was approved at the RAN # 88e:
· NR Multicast and Broadcast Services (RP-201038)
The focus of the work item is to specify the RAN enhancements for functionality to support broadcast/multicast over NR, and the main objectives of NR multicast and broadcast are as follows:
· 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]
In this contribution, we provide our view on dynamic control of transmission area and MBS transmission reliability enhancement.
Discussion
Dynamic Control of Transmission Area
In LTE MBMS, Multicast/broadcast service is defined as a unidirectional point-to-multipoint service in which data is efficiently transmitted from a single source to a multicast group in the associated multicast service area, which is a static area, unless changed by O&M (i.e. no dynamic change of areas). In the multicast/broadcast area, counting procedure could be initiated by the network to determine if there are sufficient UEs interested in receiving a service, which allows the operator to choose between enabling or disabling MBSFN transmission for the service.
Observation 1: For LTE MBMS, transmission areas are pre-defined and static, dynamic change of areas is not supported.
In the NR MBS WID, one objective is to support the dynamic control of the Broadcast/Multicast transmission area within one gNB-DU [1]. In our opinion, to achieve this, first we need to identify whether pre-defined transmission/service area is needed in NR MBS, with/without pre-defined transmission/service area corresponds to two possible ways:
1) For a multicast/broadcast service, no static transmission/service area is defined, transmission area is defined by the network temporarily based on the UEs’ need;
2) Like LTE MBMS, a multicast/broadcast service is associated with some pre-defined and static transmission/service areas, in which, the multicast/broadcast could be transmitted dynamically based on the UEs’ need.
Considering that there are many MBS deployments having a large amount of UEs distributed in a wide range in NR, like network broadcasting or online course, which results in the pre-defined transmission/service area is not suitable. If no transmission/service area is defined, once a UE request for a multicast/broadcast service in a cell, this cell may become an MBS transmission area. In this way, no additional work is needed for RAN, and RAN only needs to broadcast whether it supports multicast, but not detailed multicast service. But there’s some problem with idle/inactive UE MBS reception, considering that if the network wants to ensure the idle/inactive UEs’ reception, it needs to transmit all on-going MBS data, since the network could have no idea of idle UEs’ interests/needs. And this will result in the waste of network resources.
Compared with the former way, if transmission/service area concept is inherited in NR, the resource waste is not so much. And to increase the flexibility of transmission area control, a smaller granularity of transmission/service area could be considered. With smaller transmission/service area, the network could enable the multicast/broadcast data transmission dynamically and precisely based on the UEs’ request/ demand.
Proposal 1: The transmission/service area concept could be inherited in NR MBS from LTE.
The objective about the dynamic transmission area control aims at area within one DU, therefore the granularity of the transmission/service area could be a cell or a beam-area. For the beam-area granularity, further study results may be needed from RAN1.
Proposal 2: A cell/beam granularity transmission/service area could be considered.
And once an area is dynamically enable/disabled, the network needs to inform the UE via broadcasting, like system information or MCCH/SC-MCCH change notification.
Proposal 3:  Once an area is dynamically enable/disabled, the network needs to inform the UE via broadcasting, like system information or MCCH/SC-MCCH change notification.
Consideration on Reliability
The necessity of HARQ feedback 
As we know, in LTE, MBSFN applies to coordinated broadcast in wide area, while SC-PTM can be used when large area MBSFN is not available due to lack of inter-eNB synchronization or not necessary because interested UEs are distributed in disjoint cells. During the study of SC-PTM in LTE, there is simulation evaluating the following transmission schemes with the simulation results, as shown in the Figure 6.2.2-1 of the TR36.890 [2]:
-	 SC-PTM without UL feedback
-	There is no CQI or HARQ ACK/NACK feedback from the group members;
-	The transmission ensures 95% coverage with 1% BLER.
-	 SC-PTM with UL feedback
-	Group specific rate adaptation and HARQ (re-)transmission are performed using CQI and HARQ ACK/NACK feedback from group members;
-	Feedback from group member(s) in the worst radio condition will be ignored, with the target to ensure 95% coverage with 1% BLER. 
-	MBSFN transmission
-	The MBSFN transmission ensures 95% coverage with 1% BLER in the MBSFN area.
Figure 6.2.2-1 shows, for 2 to 20 UEs in a single-cell on the x axis, the spectrum efficiency of SC-PTM and of 1-cell MBSFN transmission.

Figure 6.2.2-1: SC-PTM transmission techniques vs. 1-cell MBSFN transmission (2 to 20 users)
And according to the set of simulation results, the observation captured in [1]: 
	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



Although the simulation results are based on LTE, in our understanding, the observation is regarded as to be valuable to the NR system and can provide some indication the possible gains. There, it is proposed:
[bookmark: _Hlk47703809]Observation 2: It is obvious that the gains could be achieved with link adaptation and HARQ (re)transmissions if group members can provide e.g. CSI/HARQ feedback.
Proposal 4: It is preferred to utilize the HARQ feedback and CSI reporting to realize the link adaptation and improve the reliability, especially for the UE in the cell edge. 
Furthermore, this discussion requires RAN1 involved, therefore:
Proposal 5: RAN2 would like RAN1 to evaluate the gain achieved with link adaptation based on the uplink feedback, e.g. CSI/HARQ feedback, in response to SC-PTM transmissions on PDSCH.
Additionally, in LTE, both SC-PTM and MBSFN can be received by both UEs in RRC_CONNECTED and in RRC_IDLE. Allowing SC-PTM service to be received by UEs in RRC_IDLE state does not require UEs to enter RRC_CONNECTED state if they do not have unicast traffic. It is straightforward that UE in RRC_CONNECTED provides CQI and may provide HARQ feedback to gNB to improve the receiving reliability. It is not clear whether it is necessary of the UE in RRC_IDLE need provide uplink feedback and how if it is needed. Hence, it is proposed that:
[bookmark: _Hlk47703885]Proposal 6: RAN2 would like RAN1 to evaluate that in case of the group of UEs receiving SC-PTM including the UEs in both RRC_IDLE and RRC_CONNECTED states, whether the link adaptation and/or retransmissions based on CSI and/or HARQ feedback is still feasible.
On the other hand, based on the above results, it can be observed that SC-PTM with CSI/HARQ-ACK feedback shows roughly high spectrum efficiency gain compared to SC-PTM without CSI/HARQ-ACK feedback when there are smaller number of UEs per cell. Meanwhile, the gain decreases when the number of UEs per cell increases. 
Proposal 7: RAN2 would like RAN1 to evaluate that whether the number of UEs involved in UL feedback will impact the gain from link adaptation and HARQ (re)transmissions. And if it exists, whether a mechanism to enable/disable the uplink feedback is required. 
Conclusions
In this paper, we have discussed dynamic control of transmission area and MBS transmission reliability enhancement. The observations and proposal are listed below:
Observation 1: For LTE MBMS, transmission areas are pre-defined and static, dynamic change of areas is not supported.
Observation 2: It is obvious that the gains could be achieved with link adaptation and HARQ (re)transmissions if group members can provide e.g. CSI/HARQ feedback.
Proposal 1: The transmission/service area concept could be inherited in NR MBS from LTE.
Proposal 2: A cell/beam granularity transmission/service area could be considered.
Proposal 3:  Once an area is dynamically enable/disabled, the network needs to inform the UE via broadcasting, like system information or MCCH/SC-MCCH change notification.
Proposal 4: It is preferred to utilize the HARQ feedback and CSI reporting to realize the link adaptation and improve the reliability, especially for the UE in the cell edge.   
Proposal 5: RAN2 would like RAN1 to evaluate the gain achieved with link adaptation based on the uplink feedback, e.g. CSI/HARQ feedback, in response to SC-PTM transmissions on PDSCH.
Proposal 6: RAN2 would like RAN1 to evaluate that in case of the group of UEs receiving SC-PTM including the UEs in both RRC_IDLE and RRC_CONNECTED states, whether the link adaptation and/or retransmissions based on CSI and/or HARQ feedback is still feasible.
Proposal 7: RAN2 would like RAN1 to evaluate that whether the number of UEs involved in UL feedback will impact the gain from link adaptation and HARQ (re)transmissions. And if it exists, whether a mechanism to enable/disable the uplink feedback is required. 
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