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1 [bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: _Ref129681832]To enable resource-efficient delivery of multicast/broadcast services, 3GPP has been developing NR MBS technique since Rel-17. In Rel-17, the basic framework and mechanism of MBS were defined [1]. In order to improve its efficiency, some enhancements, including multicast reception in RRC_INACTIVE state, broadcast transmission optimization in RAN sharing scenario, and supporting of simultaneous broadcast and unicast reception, have been discussed in Rel-18. 
In this contribution, we would like to provide analysis on the potential enhancements for MBS in Rel-19 to make MBS better meeting the requirements in potential use cases like public safety, XR or high data rate video, etc.
2 Potential work scope for NR MBS Rel-19
Enhancement for efficiency
SFN provides synchronized delivery of user plane packets over the air from different cells. An SFN transmission area consisting of several cells is beneficial to increase the spectrum efficiency and reliability, especially in case of interference limited scenarios, e.g., urban deployments. In Rel-17/Rel-18 MBS, SFN within intra gNB/DU has been supported by network implementation. However, no matter in Rel-17 or in Rel-18, the physical layer reuses the existing numerologies (Table 4.2-1 in TS 38.211), in which extended CP is only supported for 60kHz subcarrier spacing. 
In order to demonstrate that supporting extended CP for the 15kHz and 30kHz subcarrier spacing is beneficial to the SFN coverage, We evaluate the SNR performance and spectrum efficiency (SE) performance with assuming different CP lengths in different levels of SFN area as shown in Figure1 and Figure 2. 
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Figure 1 SNR increasing with SFN size
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Figure 2 SE increasing with SFN size
As illustrated in Figure 1 and Figure 2, For CP with 4.7us, 16.7us, and 33.3us length, with the increase of SFN area size, their corresponding SNR and SE gain are obvious, which means that the SFN area consisting of large number of cells is quite useful to achieve better coverage performance. In addition, it can be found from Figure 1 that the SNR performance of both 16.7us and 33.3us CP length outperforms that of 4.7us, but 33.3us doesn’t provide any gain compared to 16.7us. Similarly, we can see in Figure 2 that the SE performance of 16.7us is better than that of both 4.7us and 33.3us. The reason is that 16.7us CP is enough to aggregate all useful signals from all neighboring cells in lower power lower tower deployment scenario. When CP length is extended to 33.3us, there will be little gain from aggregating signals, and conversely at the cost of less available symbols. 
Observation 1: both SNR and SE performance can be improved by extending CP length to 16.7us in SFN transmission.
Due to the fact that unicast can only use normal CP length in 15kHz and 30kHz subcarrier spacing, if extended CP is introduced for broadcast and multicast transmission in Rel-19, there may be some concerns on how the extended CP and normal CPs co-exist in a cell.  From our view,  extended CP transmission and unicast can work together by TDM pattern. Since introducing extended CP does not change the configuration of the subcarrier spacing and bandwidth/location of the BWP, if using extended CP for broadcast/multicast and normal CP for unicast in different time slots, there is only CP type change during the switch. According to TS 38. 133, CP type change doesn’t lead to interruption. Therefore, the extend CP transmission of MBS can co-work well with normal CP unicast transmission.
Observation 2: if extend CP is introduced for MBS, it can co-work well with normal CP transmission.
Based on the two observations above, we have the following proposal: 
Proposal 1: introduce extend CP (16.7us) for 15kHz and 30kHz subcarrier spacing for better SFN performance in Rel-19 MBS enhancement.
Enhancements on data rate for Multicast service
In Rel-17 and Rel-18, CA and DC are not supported for MBS multicast, so high data rate cannot be achieved for multicast services. However, there could be services that could require both high data rate and Multicast transmission mode. For example, audience may watch sports games, live streams from different angles using XR devices or smartphone in a same stadium to enjoy better experience. The content in such use case is the same for all devices, and it is better to use MBS multicast to support such services which require high data rate. It is natural to support high data rate by simply allowing CA and/or DC for MBS multicast. 
Proposal 2: CA and/or DC can be considered for MBS multicast to support high data rate in Rel-19 MBS enhancement.
Enhancements on UE power saving
Some UE power saving mechanisms, like PEI and PDCCH skipping, were introduced in Rel-17. However, such mechanisms are not supported for MBS. In Rel-17 MBS, group paging mechanism was introduced to notify multicast session activation or data arrival and this mechanism was further used to support multicast reception of RRC_INACTIVE UE in Rel-18. The UE has to monitor both group paging and unicast paging on its paging occasions. Although PEI can be configured for unicast paging, but as the UE has to monitor group paging on its paging occasion, it cannot skip PDCCH monitoring even if PEI indicates that there is no unicast paging in next paging occasions. Consequently, the UE would not be able to achieve the paging saving gain from PEI, and power saving is important for some MBS use cases such as public safety.
Proposal 3: RAN to consider to apply existing UE power saving mechanisms (e.g. PEI) to MBS in Rel-19 MBS.
Enhancements for RAN sharing deployment for multicast 
Network sharing is a common practice to reduce CAPEX of network in most telecom markets all over the world including Europe, Africa, and Asia, and it becomes quite popular from 4G since 2010. MOCN is a popular network sharing model where multiple operators share the RAN/Cell while owning separated 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.
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Figure 3 PLMN sharing deployment of MBS Scenarios
RAN3 and SA2 are discussing the RAN sharing for MBS broadcast in Rel-18, which aims to save the radio resources of MBS broadcast transmission, i.e. the same MBS broadcast service in different PLMNs can use the common channel/resource in RAN. 
In Rel-18, only MBS broadcast was considered, and there was no enhancement for MBS Multicast, but the same benefit should be also possible for Multicast. By using the similar enhancement as specified for MBS broadcast, radio resource can be significantly saved if shared transmission in Uu for the same multicast service is supported for different PLMNs. The specification impact is not much considering that the enhancement has already been done for MBS broadcast.
Proposal 4: support optimization for MBS multicast transmission in RAN sharing scenario in Rel-19.
3 Conclusion
In this paper, we provide our views on MBS enhancement in Rel-19, and have the following proposals
Proposal 1: introduce extend CP (16.7us) for 15kHz and 30kHz subcarrier spacing for better SFN performance in Rel-19 MBS enhancement.
Proposal 2: CA and/or DC can be considered for MBS multicast to support high data rate in Rel-19 MBS enhancement.
Proposal 3: RAN to consider to apply existing UE power saving mechanisms (e.g. PEI) to MBS in Rel-19 MBS.
Proposal 4: support optimization for MBS multicast transmission in RAN sharing scenario in Rel-19.

The Rel-19 MBS scope can be:
	· Support optimization for MBS multicast transmission in RAN sharing scenario [RAN3];
· Support CA and/or DC for MBS multicast to support high data rate [RAN2/RAN3];
· Apply existing UE power saving mechanisms (e.g. PEI) to MBS [RAN2];
· Introduce extend CP (16.7us) for 15kHz and 30kHz subcarrier spacing [RAN1/RAN2].
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