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1. Introduction

To enable resource-efficient delivery of multicast/broadcast services, 3GPP has developed NR broadcast/multicast from Rel-17 in [1], aiming to enable general MBS services over 5GS and the use cases identified that could benefit from this feature include group communications/public safety, V2X applications, live video, software delivery over wireless, and IoT applications. 

Two delivery modes have been agreed for Rel-17 MBS with delivery mode 1 (only for multicast) addressing higher QoS services and delivery mode 2 (for broadcast) addressing lower QoS services. The system is going to provide dynamic PTP/PTM switch and seamless handover for delivery mode 1 in Rel-17 to cater for higher QoS requirement of multicast service. For broadcast service, the LTE SC-PTM like solution is used as a baseline with adaptation to NR system and providing possibility for UE to receive broadcast service in downlink-only manner. In addition, no standardized support specifically for SFN is addressed in Rel-17 MBS, and any related synchronization is left to network implementation in Rel-17. 

In this contribution, we would like to provide analysis on the potential enhancements for MBS in Rel-18 to enable more efficient deployment of MBS.
2. Potential work scope for NR MBS Rel-18 

2.1 Spectrum efficiency improvement by inter gNB/DU SFN
SFN provides synchronized delivery of user plane packets over the air from different cells. A regional MBS area formed by several cells with SFN transmission is useful to increase the spectrum efficiency and reliability, especially in case of interference limited scenarios, e.g., urban deployments. The Rel-17 MBS only supports SFN transmission within one gNB-DU by implementation. 
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Figure 1 SNR increasing with SFN size 
As shown in Figure 1 above (Normal CP/15K SCS), where the SINR for SFN is evaluated in 700 MHz deployment, the SINR gain increases significantly with the increase of SFN area size. The SINR gain is around 8db in case of 61 cells SFN area. Therefore, for MBS deployment in wide area such as live TV/video broadcast scenario, the SFN area consisting of large number of cells is quite useful to achieve better spectrum efficiency. However, with the increase of SFN area size, it is difficult to ensure all cells in the SFN area are within the same DU/gNB considering the backhaul limitation in the real network deployment. That means deploying SFN only within intra-DU cells as supported by Rel-17 would limit the number of cells configured for SFN and thus imposes severe restrictions on the expected gain of SFN.
Observation 1: Deploying SFN only within intra-DU cells as supported by Rel-17 would limit the number of cells configured for SFN and thus imposes severe restrictions on the expected gain of SFN.
There are some deployment scenarios where users of the same MBS service are distributed across gNB/DUs even though the expected SFN area is relatively small. For example, in use cases such as group communication or regional live video, the targeted service area might be around a specific place which involves multiple cells across gNBs/DUs as shown in the figure below, especially when the event is triggered in the cells on the edge of the gNB/DU. In addition, the desired service area might change due to the mobility of the interested users, which would require a quick adjustment of a broadcast area according to the event and user distribution across gNBs /DUs. 
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Figure 2 Scenarios of inter-gNB/DU transmission area
Observation 2: Rel-17 intra-DU SFN is not efficient for use cases where target transmission areas need to be dynamically modified, for example in group communications or regional live video where the transmission area is adjusted around the specific place where events are triggered.
With Rel-17 intra-DU SFN, these scenarios cannot be supported efficiently due to the fact that it is not possible to combine signals from cells in different gNB/DU. Therefore, we suggest extension of SFN support to inter-gNB/DU scenario to be discussed and supported in Rel-18 MBS.
Regarding the SFN support in Rel-18, several aspects need to be considered:
· PDCCH/PDSCH based SFN transmission is adopted for broadcast/multicast in both single cell transmission and multiple cells (SFN) transmission. 
· Feasibility and necessity for CP extension
· Inter-gNB/DU SFN regions require synchronization and coordination among gNBs. It can be discussed whether to introduce SYNC protocol to coordinate among different cells with SFN transmission. 
Proposal 1: SFN support for inter-gNB/DU scenarios should be included in Rel-18 MBS Scope.
2.2  Enhancements for better support of FTA deployment.
Free-to-air (FTA) is a type of broadcast service where a UE accesses broadcast services without subscription and UE is not required to support uplink transmission for FTA reception. There was a discussion to extend Rel-17 MBS scope to include the support of FTA triggered by companies in [2] from operator deployment requirement point of view. The identified motivations include: 
· Some spectrums are designated only to Free-to-Air services in some countries, and supporting Free-to-Air mode makes Rel-17 NR MBS applicable to such spectrums and makes 5G NR applicable to innovative services as well.
· Free-to-Air services include but not limited to Free-to-Air TV and public safety applications.
These requirements were supported by lots of companies during email discussion but were not included in Rel-17 due to the time constraints in Rel-17. However, the Rel-17 NR MBS provides the possibility that the UE receives broadcast service in a downlink only manner i.e. performing broadcast reception without a need to access the network beforehand. 
However, in the typical use case for FTA, the UE is able to receive FTA service and access the network of same or another operator for unicast service. For such UE, there might be some functional coupling between the FTA reception hardware and unicast hardware as shown in the following figure, for example band combination restriction between FTA frequency band and frequency band for unicast, or processing capability sharing between FTA module and unicast module. Therefore, the unicast connection might impact the reception of FTA frequency for this kind of UEs. If the network could be aware of the capability of the UE, better performance for FTA reception might be achieved.
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Figure 3 FTA reception scenarios
Similar as what we do for LTE ROM capability report, it is suggested to discuss and specify the NR FTA reception capability report and other possible approaches to optimize support of FTA in Rel-18 so that the network could cater for the UE FTA reception during unicast reception. It is also necessary to evaluate if optimization introduced in Rel-17 Multi-SIM WI can be reused for FTA operation.
Proposal 2: MBS broadcast optimization for FTA deployment should be included in Rel-18 MBS Scope.
2.3  Enhancements for RAN sharing deployment
Network sharing is a common practice to reduce CAPEX of network deployment in most telecom markets all over the world including Europe, Africa, and Asia, and it becomes quite popular from the 4G network wide roll-out since 2010. MOCN is a popular network sharing model where multiple operators share the RAN/Cell while own separate CNs, and a large-scale 5G SA MOCN network sharing deployment has been rolled out in China. In RAN sharing deployment, if the same Multicast/Broadcast service is provided by two (or more) operators separately, this service would be recognized as separate TMGIs  resulting in duplicated PTM radio resources consumption in the same cell for transmission of the same content as shown in the figure below.

Figure 4 PLMN sharing deployment of MBS Scenarios
It is expected that reduction of at least 50% of radio resources consumption can be achieved if the RAN can schedule the same content using the same resources for UEs subscribed to different operators. It is therefore suggested to discuss potential enhancements of RAN sharing deployment where the same service is provided by more than one operator, for example to discuss and specify how the gNB identifies the same service from different operators, and also how to manage UP tunnel to reduce the duplicated transmission.
Proposal 3: MBS resources optimization in RAN sharing deployment should be included in Rel-18 MBS Scope.
2.4  Addressing remaining issues from Rel-17
Due to the tight schedule in Rel-17, some of the component features were discussed but not introduced as following:
· Multicast reception in RRC_INACTIVE/IDLE state

The Multicast services are agreed to be provided for RRC_CONNECED UEs by delivery mode 1 and due to the time limitation it is unlikely to be extended to other RRC States in Rel-17. However, the majority of companies seems to have the interests to support Multicast services at least in RRC_INACTIVE state in the network congestion scenario. It would be beneficial to further discuss and specify Multicast services reception in non-RRC_CONNECTED states. 
· Potential enhancement to Multicast reliability
The use cases identified for NR Multicast include V2X applications: with limited RSU (via PC-5) deployments, RSU (via PC-5) coverage for the whole city/highway is difficult. On the other hand, given the wide Uu coverage provided by gNB (Uu), NR Multicast can support sensor sharing between infrastructure and vehicles with improved sensing accuracy and enables higher level of autonomous driving. 5GAA WG1 defines a C-V2X use case: infrastructure assisted environment perception [3], where an automated vehicle can subscribe to an infrastructure service that provides enhanced environment information regarding dynamic and static objects on the road. This infrastructure sensor data includes video streams in addition to road conditions, as well as vehicle status (location, speed, etc). 5GAA WG1 further defines its service-level reliability of up to 99.99% and data rate of up to 4 Mbps for every UE. There is another use case: automated intersection crossing [3], where traffic light, intersection geometry and intersection manager data information are to be delivered to the vehicles. This use case has requirement of 10ms latency and 99.9999% reliability. Rel-17 NR MBS WI has an objective to support high reliability for Multicast and the solution are being discussed in RAN WGs. Further enhancements to reliability can be considered in Rel-18 if the solutions specified in Rel-17 cannot meet all the reliability requirements of the above V2X use cases.
Proposal 4: Rel-17 remaining issues including Multicast reception in RRC_INACTIVE/IDLE state should be included in Rel-18 MBS Scope.
Proposal 5: Other enhancements (e.g. reliability) can be considered in Rel-18 NR MBS if not all the requirements can be supported in Rel-17.
3. Conclusions
In this contribution, we propose that the following enhancements should be included for NR Rel-18 MBS scope:
· SFN support for inter-gNB/DU scenarios

· MBS broadcast optimization for FTA deployment
· MBS resources optimization in RAN sharing deployment

· Rel-17 remaining issues including Multicast reception in RRC_INACTIVE/IDLE state and potential enhancements to Multicast reliability
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