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During RAN Rel-18 workshop, companies raised various potential enhancements for Rel-18 MBS and “Evolution for broadcast and multicast services” is considered as one individual topic for further discussion [1]. Further, RAN#94 Rel-18 Prep email discussions [2] was triggered before RAN plenary#94e to discuss the potential scope of Rel-18 MBS evolution. And a draft version of WID with the following objectives was submitted. 
	This Work Item is to further enhance the NR Multicast/Broadcast functions based on Rel-17 MBS. The objectives for Rel-18 include:
· Specify the enhancements of SFN for inter-DU and inter-CU scenario based on existing 15 kHz SCS numerology and CP [RAN1, RAN2, RAN3]
· Study and specify mechanism to support coordination and synchronization across gNBs/DUs for SFN [RAN3]
· Study and specify CP/UP enhancements for the network interface, for resource coordination/packet synchronization [RAN3] 
· Specify support of multicast reception by UEs in RRC_INACTIVE and RRC_IDLE states [RAN2, RAN3]
· Study and specify PTM configuration for UEs receiving multicast in RRC_INACTIVE and RRC_IDLE states [RAN2]
· Study mobility and state transition for UEs receiving multicast in RRC_INACTIVE and RRC_IDLE states and specify the corresponding signaling [RAN2, RAN3]
· Specify enhancements to improve the resource efficiency for MBS reception in RAN sharing scenarios [RAN3]
· Specify signalling enhancements for improved support of Free-To-Air (FTA) / Receive Only Mode (ROM), i.e. ‎including UE capability related assistant information report regarding simultaneous reception of ‎FTA / ROM and other (unicast ?) services [RAN2]‎
· (low prio) Specify enhancements of power saving mechanism for MBS [RAN2, RAN1]

(controversial on content) Rel-17 left-overs might also be included, but final decision to be taken after finalisation of Rel-17:
· At this point in time it seems unlikely to come up with an agreeable list of “left overs”, as Rel-17 discussion has not been finalised and companies provided very different views during the discussions, what is a “left-over“ and what has intentionally been dropped during Rel-17 discussions.

Note: collaboration with SA2 is expected in due course.


In this contribution, we would like to provide our considerations for further enhancements for Rel-18 MBS.
MBSFN support
Based on the simulation results on SFN based transmission in [3], the following observations can be made.
SFN transmission brings huge throughput gain over the case w/o SFN transmission due to the mitigation of interference, i.e.,
· 444.95% gain of 3 TRPs SFN transmission over w/o SFN transmission
· 893.47% gain of 9 TRPs SFN transmission over w/o SFN transmission
· 200.80% gain of 9 TRPs SFN transmission over 3 TRPs SFN transmission
Ideally, more cooperate nodes of SFN transmission can bring larger performance gain. 
During RAN#94 Rel-18 Prep email discussions, a large number of companies also showed great interests on MBSFN for Rel-18. And specifying the enhancements of SFN was listed as an main objective in the draft version of WID. Further, some RAN1’s work should also be included. For example, even if the legacy SCS and CP is reused, multicast/broadcast and unicast service may still use different SCS, e.g., multicast/broadcast use 15 KHz in MBSFN mode and unicast use 30 KHz. How to support simultaneous operation of SFN and unicast in the same cell should be discussed in Rel-18 by RAN1. And the following two options can be considered. 
Option1: TDM-ed solution, MBSFN and unicast are put in different slots. One example is that MBSFN and unicast are configured in different BWPs and only one BWP is activated each time.
Option2: FDM-ed solution, MBSFN and unicast can be received simultaneously. One example is MBSFN and unicast are configured in different BWPs and UE supports two activated BWPs simultaneously.
TDM-ed solution (Option1) is simpler but switching time is required between MBSFN slot and unicast slot. Currently, around 1ms – 3ms is required for BWP switching, such a large delay is not desirable for switching between MBSFN and unicast. If FDM-ed solution (Option2) is supported, UE can receive MBSFN and unicast simultaneously without any switching delay or interruption, which is beneficial for user experience improvement.
[bookmark: OLE_LINK1]Observation 1: How to support simultaneous operation of SFN and unicast in the same cell should be discussed in Rel-18 by RAN1. 
Observation 2: Compared with TDM-ed reception of MBSFN and unicast, supporting two simultaneous activated BWPs with one BWP for MBSFN and another BWP for unicast can reduce the switching delay and improve the user experience.
Supporting two simultaneous activated BWPs not only facilitates simultaneous reception of MBSFN and unicast, but is also required by multiple hot topics discussed in RAN Rel-18 workshop. 
One of them is sub-band full duplex [4]. As shown in Figure 1, for reducing the uplink/downlink switching delay of URLLC transmission, the uplink/downlink of different BWPs can be configured as complementary structures, which can be called as ‘complementary TDD’. If the above two BWPs cannot be activated simultaneously, the BWP switching delay is still introduced during the switching between uplink and downlink transmission. As a result, the delay cannot be reduced.
Another topic as mentioned by company [5] is multi-band cell. One multi-band cell consists of multiple bands, each piece of DL (or UL) resource in each band can be considered as one BWP. Whether to activate one or multiple BWPs is depending on the traffic. 
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Figure-1: Extendibility of supporting two simultaneous activated BWPs.
With the above analysis, we can conclude that MBSFN is beneficial for improving MBS throughput and supporting two simultaneous activated BWPs is one attractive solution for simultaneous reception of MBSFN and unicast with high extendibility. 
Observation 3: Supporting two simultaneous activated BWPs has high extendibility, which can be used to support at least the following hot topics discussed in RAN Rel-18 workshop, i.e., sub-band full duplex and multi-band cell.

RRC_IDLE/RRC_INACTIVE support
 UL feedback
For UEs in RRC_CONNECTED state, HARQ-ACK feedback has been supported for improving the reliability of Multicast transmission in Rel-17. However, it hasn’t been agreed to support HARQ-ACK feedback for RRC_IDLE/INACTIVE UEs. 
For broadcast transmission for massive RRC_IDLE/INACTIVE UEs, it is NOT efficient or even NOT possible for them entering RRC_CONNECTED state just for channel state report. Furthermore, some UEs belonging to other operators are even NOT able to enter RRC_CONNECTED state for feedback. Then, the gNB may not be able to obtain UE's channel state for broadcast in RRC_IDLE/INACTIVE states and have to employ the most conservative Tx parameters for MBS transmission in RRC_IDLE/INACTIVE states just like MIB/SIB, which extremely lower spectrum efficiency. 
Furthermore, Multicast transmission for RRC_IDLE/INACTIVE UEs is expected to be further supported in Rel-18. Then, how to guarantee the reliability for such transmission should also be carefully considered. Potential schemes of reliability and efficiency enhancement for RRC_IDLE/INACTIVE UEs should be further considered in Rel-18 NR MBS. 
Different schemes have been evaluated, and some of the previous simulation results are presented in [4][6] with the following observations. 
· NACK-only feedback brings additional throughput gain over one shot transmission and PDSCH repetition for all cases above with different number of UEs due to more efficient use of resource. The gain decreases as the number of UEs increases.
· The higher percentage of UEs satisfying BLER requirements, the higher the performance gain brought by NACK-only feedback.
· Combination of NACK-only and CQI feedback can bring additional throughput gain comparing with transmission according to NACK-only feedback. 
Some companies worry that enabling uplink feedback for RRC_IDLE/INACTIVE UEs may cause uplink congestion. However, if NACK-only feedback is configured for RRC_IDLE/INACTIVE UEs, the NACK-only feedback resource can be shared between UEs in differet RRC states. That is, the resource configured for RRC_CONNECTED UEs can also be used for RRC_IDLE/INACTIVE UEs, and there will be no additional resource required. Further, some UEs enter into RRC_IDLE/INACTIVE states may only due to energy saving, which is irrelevant to the uplink resource status on the network side.
Based on the above analysis, the following observation is made. 
[bookmark: OLE_LINK3]Observation 4: UL feedback (e.g., NACK-only, CQI feedback, etc.) for MBS reception for RRC_IDLE/INACTIVE UEs is beneficial.
 CA in RRC_IDLE/INACTIVE states
MBS traffic will boost with the growth of MBS market and emerging new applications. It will be impossible/difficult for network to configure all MBS service in one cell. In this sense, network may configure different MBS services on different carriers for UEs in RRC_IDLE/INACTIVE states. For UE only receives data from one carrier, it has to perform cell reselection to receive MBS services transmitted on other carriers.
In another possible scenario, network may configure the same MBS service on different carriers. If UE receives all the data from different carriers, UE can support higher quality MBS service (e.g., 4K video). However, if UE only receives data from one carrier, then it can only supports lower quality MBS service. 
For the above purposes, the UE needs to support the simultaneous reception of more than one carrier under the RRC_IDLE/INACTIVE states. The bandwidth of some carriers in 600, 700 MHz bands used for carrying MBS services is very small. The transmission of SSB, SIB and paging, etc. on these carriers will seriously affect the capacity of MBS services. Therefore, some of these carriers can be configured without such signals/channels for overhead reduction. And the operating mechanism of these carriers is similar to SCells under carrier aggregation (CA). 
Currently, CA is only allowed for RRC_CONNECTED UEs. Massive UEs have to enter RRC_CONNECTED state to be configured with CA for increasing the MBS throughput or improving user experience. It will occupy too much network resources. Furthermore, many UEs may be rejected to enter RRC_CONNECTED UEs. If UE is capable of simultaneous reception of more than one carrier in RRC_IDLE/INACTIVE states, then these UE can receive all these same or different MBS services on different carriers simultaneously. For convenience, the above operating mechanism can be called as ‘IDLE CA’. 
In addition, network doesn’t need to know whether UEs are capable of ‘IDLE CA’ or not. For UEs without such capability, it can only receive MBS services from one carrier based on its interest, and re-select to another carrier for other MBS services. For ‘IDLE CA’ capable UEs, a larger throughput and a higher user experience on MBS transmission can be expected. 
[bookmark: OLE_LINK4]Observation 5: IDLE CA for RRC_IDLE/INACTIVE UEs in Rel-18 NR MBS is beneficial for boosting the broadcast throughput and improving user experience on MBS transmission.
Rel-17 leftovers
 CFR enhancement
The common frequency resource (CFR) concept is introduced to enable UEs to have the same understanding of the configuration parameters for MBS service receiving. As discussed in our contribution [7], the CFR cases supported by the UEs in RRC_IDLE/INACTIVE states is still under discussion. However, some restrictions on CFR configuration were potentially introduced in the first NR MBS version, i.e., Rel-17, such as: 
· Only one CFR per cell
· The CFR should contain CORESET#0 defined initial BWP in frequency domain
· The CFR should have the same numerology with initial BWP
This restricts the deployment of the MBS service. For example, it is unfavorable for MBS service expansion, that is, a new MBS service needs to be transmitted. If the CFR capacity is full, the frequency range of CFR needs to be reconfigured to carry the new MBS service. In this process, the DCI size of the group common PDCCH needs to be re-determined, and the DCI size alignment needs to be restarted. In addition, the receiving configuration of other MBS services on the CFR may also be affected. 
Furthermore, it also affects the energy consumption of UEs, and even affects the MBS service reception of low-capacity UEs, e.g., Redcap UE. Even if the UE is only interested in a specific MBS service, it still needs to operate under the CFR with a large bandwidth. This CFR bandwidth is probably not supported by Redcap UE.
If more than one CFR is supported under one cell, the frequency location relationship between different CFRs can be configured flexibly. It is unnecessary to introduce the overlapping among different CFRs as well as between CFRs and initial BWP. As an example shown in the following figure, when it is required that one CFR is covered by another CFR, the UEs being interested in MBS1 must have larger bandwidth capability. 
About numerology, different CFRs can also be configured for different MBS services with different numerologies. So it is reasonable to allow different numerologies configurations for different CFRs. Then, the numerology restriction between CFR and initial BWP should also be removed. 
[image: ]
Figure 2: Unnecessary constraints on frequency location among CFRs

Observation 6: The following is beneficial for reducing UE energy consumption and ensuring compatibility of low-capability UEs for Rel-18 MBS.
· Support more than one CFR;
· Remove or relax the frequency location and numerology constraints between CFR and initial BWP as well as among different CFRs.
 Beam management for Multicast transmission
In Rel-17, full beam sweeping mechanism similar to Rel-15 SIB/paging has been supported for broadcast transmission. That is, association relationship between PDCCH monitoring occasions (MOs) and SSBs are defined for broadcast transmission. Any optimization on beam sweeping scheme is treated with low priority for Multicast transmission in RRC_CONNECTED state, which are targeted to a group of UEs distributed in only part of beams. 
Full beam sweeping may be unsuitable for Multicast transmission from the perspectives of DL overhead and gNB power efficiency. Further, Multicast transmission to UEs in RRC_CONNENTED state with all SSB beams will also lead low efficiency. It is also not applicable to perform beam change for a UE by updating the TCI state of a CORESET, as the CORESET may be shared by multiple UEs. 
So Multicast transmission with Partial Beam Sweeping in desired beam directions can be further considered in Rel-18. More specifically, either SSBs or CSI-RSs can be used as QCL source for partial beam sweeping. And a UE can select MO/CORESET for monitoring PDCCH of Multicast transmission dynamically according to the association relationship between RSs and MOs. 
[bookmark: OLE_LINK2]Observation 7: Beam management for Multicast transmission is beneficial for NR MBS, e.g., defining partial Beam sweeping for Multicast transmission. 
 HARQ process management for Multicast transmission
As agreed in Rel-17, HPNs are shared between multicast and unicast transmission. Then,a shared HARQ entity is used by them. 
How to split the HPNs between unicast and multicast should be considered. 
Semi-static split is a simplest way. However, this manner is not flexible and the HPNs may not be fully used. If the HPN split is UE-specific, some HPNs for multicast can not be used because they should be used for unicast from the perspective of some UEs. Therefore, it means the HPN split should be at least UE-group specific or even cell specific. In this case, the number of HPNs for multicast is the bottleneck of the parallel transmission from the perspective of the network. For example, gNB allocates 8 HPNs for unicast and multicast respectively. For UEs with unbalanced unicast and multicast service loads, the above HPNs allocation is unreasonable. For a UE with high unicast service loads and it is not interested in so much multicast, the HPNs allocated to unicast service isn’t enough while the HPNs allocated to multicast will not be fully used. On the contrary, for UEs with low unicast service loads but it is interested in more multicast services, then the HPNs allocated to unicast cannot be fully used. 
For dynamic splitting through scheduling DCI, the HPNs can be used for multicast will be impacted by HPNs used for unicast by all UEs in one group, which will also cause the similar restriction. For example, a HPN can be used for multicast only if it is not used for unicast or multicast by any UEs in one group. It may bring a big restriction to the network scheduling. Another question is how to set the NDI for the new transmission for the multicast because the previous NDI may be different for different UEs if the HPN is used for unicast previously. In addition, if a UE misses the DCI scheduling a MBS PDSCH with a HPN used for the unicast previously but receives the corresponding retransmission scheduled by a DCI in PTP manner, the UE will determine the multicast retransmission is the unicast. Then if the UE further determines it is a retransmission for unicast according to the NDI (e.g., NDI is not toggled), it may discard the received PDSCH.
Considering the above restrictions in Rel-17, some enhancements on HARQ process management should be further studied. 
[bookmark: OLE_LINK5]Observation 8: Rel-17 has significant restrictions on HPN management between unicast and multicast, which can be enhanced in the future release. 
Conclusion
In this contribution, we provide our considerations for further enhancements for Rel-18 MBS with the following observations.
MBSFN support
Observation 1: How to support simultaneous operation of SFN and unicast in the same cell should be discussed in Rel-18 by RAN1. 
Observation 2: Compared with TDM-ed reception of MBSFN and unicast, supporting two simultaneous activated BWPs with one BWP for MBSFN and another BWP for unicast can reduce the switching delay and improve the user experience.
Observation 3: Supporting two simultaneous activated BWPs has high extendibility, which can be used to support at least the following hot topics discussed in RAN Rel-18 workshop, i.e., sub-band full duplex and multi-band cell.

RRC_IDLE/INAVTIVE support
Observation 4: UL feedback (e.g., NACK-only, CQI feedback, etc.) for MBS reception for RRC_IDLE/INACTIVE UEs is beneficial.
Observation 5: IDLE CA for RRC_IDLE/INACTIVE UEs in Rel-18 NR MBS is beneficial for boosting the broadcast throughput and improving user experience on MBS transmission.

Rel-17 leftovers
Observation 6: The following is beneficial for reducing UE energy consumption and ensuring compatibility of low-capability UEs for Rel-18 MBS.
· Support more than one CFR;
· Remove or relax the frequency location and numerology constraints between CFR and initial BWP as well as among different CFRs.
Observation 7: Beam management for Multicast transmission is beneficial for NR MBS, e.g., defining partial Beam sweeping for Multicast transmission. 
Observation 8: Rel-17 has significant restrictions on HPN management between unicast and multicast, which can be enhanced in the future release. 
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