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1. Introduction

To enable resource-efficient delivery of multicast/broadcast services, 3GPP has developed NR broadcast/multicast in Rel-17 according to the WID in [1], aiming to enable general MBS services over 5GS. 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) capable of addressing higher QoS services and delivery mode 2 (for broadcast) focusing on 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 a possibility for a UE to receive broadcast services in downlink-only manner. In addition, intra-DU SFN is supported by implementation and any related synchronization is left to network implementation. 

An email discussion [2] was triggered before RAN plenary#93e to discuss the potential scope of Rel-18 MBS evolution.  In this contribution, we would like to provide further analysis on the potential enhancements for MBS in Rel-18 based on the email discussion outcome to enable more efficient deployment of MBS.
2. Discussion on the outcome of email discussion 

2.1 Moderator proposal and comments
An extract of email discussion conclusions in RP-211659 for MBS are extracted as below:
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Comment for Rel-17 left-overs

It is currently rather unclear to which enhancements this bullet refers to exactly at the moment. The main leftover from Rel-17 for which it is already rather obvious that it cannot be addressed in Rel-17, is the multicast reception in RRC INACTIVE and RRC IDLE state. However, these bullets are already captured separately. Another potential enhancement for which an agreement may not be reached in Rel-17, even though the discussion are still ongoing, is support for some most stringent reliability requirements. During the RANP preparation discussions, another items that were sometimes mentioned as Rel-17 left-overs were MBS-specific enhancements for advanced mobility features such as CHO or DAPS. However, this should be discussed separately and not be treated as a left-over from Rel-17 as Rel-17 objective is only speaking of “basic mobility” support: “Specify support for basic mobility with service continuity [RAN2, RAN3]”. Therefore, in case we keep RRC INACTIVE/IDLE support in separate bullets, we propose to clarify that this bullet speaks of “Potential reliability enhancement left-overs from Rel-17”.
Comment For the bullet below:

− Enable Higher reliability, lower latency, larger coverage incl. improvement of spectrum efficiency/capacity/reliability for NR MBS, Incl. RAN Sharing

We think that the current bullet is too broad and could be simplified. The enhanced reliability part can be considered as Rel-17 leftover issue since the L2 feedback for reliability improvement is still under discussion in RAN2 and as mentioned above, it could be directly mentioned as potential Rel-17 left-over. For the other techniques except RAN sharing scenario optimizations, we do not think it is appropriate to list them as potential objectives as there was no significant support for any of those options in the discussions. Therefore, for now we suggest to only include the RAN sharing scenario optimizations in this bullet (assuming that reliability part is considered as Rel-17 left-over).

Comment for FTA:

We see many companies including operators support this enhancement and thus it should be treated as high priority based on real deployment requirement. In the final round of the discussion more than a half of the companies mentioned this as high priority, so there is a clear interest in this area. We suggest to include this bullet as high priority in the objectives.
Comment for Multicast reception in IDLE state 

On the multicast reception in RRC_IDLE state, it is useful to reduce the UE context management effort in high load scenario. However, there would be some impact on SA2 side to extend the multicast support to CM_IDLE state and we see more efforts in RAN side compared to multicast reception in RRC_INACTIVE. Therefore, we think this could be included in the scope provided that additional TUs are secured for MBS.
Comment for BMUST

In general, BMUST could potentially improve capacity but there are some issues that need to be studied, including whether it can be transparent to MBS UEs and the complexity to support this in the UE side.

Comment for Power saving
We think that existing Rel-16/Rel-17 power saving technologies such as DCP or wake up signal may be also beneficial for G-RNTI DRX or group paging, so can be considered for MBS. Nevertheless, we can check at a later stage whether these can be applied to MBS already in Rel-17 or some additional work can be considered for Rel-18. 

2.2 Responses to main comments during the email discussion
SFN evolution 
For network coordination and synchronization required by SFN, we understand the companies do not want to introduce too complex solutions on the network side. The possible simple solution would be to reuse SYNC protocol which is already used by both UMTS and LTE today and can be easily extended to NR. In this case, little effort is needed to specify the network synchronization for SFN. For network coordination, we can leave the resources coordination in RAN side to implementation (OAM or other ways) to simplify the discussion and specifications.
For ECP support, Extended CP could bring significant benefit for SINR for medium and large SFN area (see appendix figure1) and ECP with existing SCS will not impact UE hardware substantially. For the standard efforts, since the framework for ECP has been supported when introducing ECP for 60KS SCS, we think the standard effort would be rather limited and thus can be included in the scope of SFN.
FTA support 
Some companies think Rel-17 MBS already support FTA reception and think no standard impacts can be seen for this bullet. We agree that the Rel-17 NR MBS Broadcast solution provides the possibility that the UE receives broadcast service in a downlink only manner for FTA service. 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. If the UE implements the FTA function and unicast function in the way that they are decoupled completely i.e. different hardware for different functions, there is no optimization requirement in standard. However as we learned from the Multi-SIM study, different receive/transmit modules in some UEs would have impact on each other due to constraint of cost, interference etc. For such UEs, there might be some functional coupling between the FTA reception hardware and unicast hardware, 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 UE capability and the carrier where it receives FTA service, better performance for FTA reception might be achieved. Therefore there are some simple standard impacts for this enhancement such as UE capability report and FTA reception status report. It should be noted the same mechanisms were introduced for LTE ROM and that such enhancements have only a very limited impact on RAN2 specifications, probably the smallest of all the discussed proposals. At the same time, they bring clear benefits as they facilitate FTA implementations in the UEs making MBS more attractive to both UE vendors and network operators. Hence, we believe the enhancements for FTA mentioned above should be included in the scope of Rel-18.
2.3 Proposal on the WI objectives
Based on the technical discussion above and on the level of support expressed by the companies during the end of August/beginning of September email discussion week, the NR Rel-18 MBS WI should include the following objectives (in decreasing priority order):
· Support of Multicast in INACTIVE state
· Potential reliability enhancement left-overs from Rel-17 
− Content to be identified and detailed at the end of Rel-17 
· SFN support for MBS reception (above gNB-DU level)
-For network synchronization, reuse SYNC protocol as baseline.
-Extended CP for 15K SCS 

· Enhancements for FTA reception
· Optimizations for RAN Sharing
The following objectives can be considered if capacity allows, in decreasing priority order:
· Support of Multicast in IDLE state
· Support of BMUST

· Improvements for energy efficient operation/power saving mechanisms for MBS reception
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4. Appendix： detailed explanation for high priority topics
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. And the SINR gain would be more significant if CP is extended to 16.7us. 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.
There were some concerns raised that wide area broadcast such as linear TV can be supported by EnTV which is more efficient in terms of spectrum efficiency. However, we think it would be better to have an evolution on spectrum efficiency in NR track to better utilize the NR ecosystem while minimizing the impact to UE hardware, i.e. not introduce new smaller SCSes as in case of LTE EnTV for large area SFN which would bring huge impact on UE/Network hardware design and is hard to be commercialized.
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 especially for the use cases requiring large area 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. Since Rel-17 MBS is expected to be deployed based on operators requirements in the near future, it would be important to ensure that Rel-18 SFN support can be upgraded based on existing infrastructures. Considering that the aggregated architecture is most important RAN deployment in real network, the Rel-18 SFN evolution should consider both aggregated architecture and disaggregated architecture in the system design.
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 reuse SYNC protocol. 
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 [3] 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 Broadcast solution 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. If the UE implements the FTA function and unicast function in the way that they are decoupled completely i.e. different hardware for different functions, there is no optimization requirement in standard. However as we learned from the Multi-SIM study, different receive/transmit modules in some UEs would have impact on each other due to constraint of cost, interference etc. 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 UE capability and the carrier where it receives FTA service, 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 optimizations introduced in Rel-17 Multi-SIM WI can be reused for FTA operation.
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 became quite popular for the 4G network wide roll-outs 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
One example is that OTT application sever delivers regional live events/gaming to users subscribed to different operators in the same region. The OTT server might require several TMGIs from different operators but the content for these TMGIs would be the same. Another example is V2X server collecting uplink messages from UEs in the same region and delivering the collected messages to all UEs subscribed to different operators in this region.
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.
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 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 seem to have the interest 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 RRC_INACTIVE state. 
· 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 data 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.
Proposed conclusion: there will not be a WI on evolution of 5G LTE based broadcast. Further discussion needed in the process of Rel-18 packaging.





For the creation of a NR MBS WI the following objectives should be considered in this priority order:


− (non-controversial) Rel-17 left-overs (content to be identified and detailed at end of Rel-17)


− (non-controversial) SFN support for MBS reception (above gNB-DU level)


○ (controversial) based on which numerology


− (non-controversial) Support of Multicast in INACTIVE state


− (controversial) Support of Multicast in IDLE state


− (non-controversial) Enable Higher reliability, lower latency, larger coverage incl. improvement of


spectrum efficiency/capacity/reliability for NR MBS, Incl. RAN Sharing


− (controversial) Improve Energy efficient operation/power saving mechanisms for MBS reception


Proposed conclusion: Use these objectives in this priority order as starting point for development of the


WID, consider contributed details for each objectives during the drafting of the potential WID





− (controversial) Public safety focused enhancements


− (controversial) Support of Free-to-Air/receive only mode


Proposed conclusion: Assess both topics as indicated in the Final Round Summary (3.3) to better


understand if evolution work is needed. If work is needed it will be necessary to check, if these


additional objections fit into a WI


Proposed conclusion: A study on BMUST shall only be considered if TUs are available after agreeing on the status of the additional topics in 4.2.1, in other words: this additional study has lowest priority.
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