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 Introduction

Following 3GPP Stage 1 specs on requirements, NR MBS was introduced in Rel-17 and laid down the foundation for future support of Multicast and Broadcast support in 5G. 

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]. In this contribution, we provide our considerations for further enhancements for Rel-18 MBS together with some simulation results on some features.

 Discussion
There is a potential-supporting feature list for the evolution of Rel-17 NR MBS in Rel-18 after on line NWM discussion.

 Rel-17 leftover

Some of the technical issues were discussed in Rel-17 WI but were deprioritized or would only be touched after some fundamental work was settled down. The scenarios and technique requirements are clear compared to others. Here some of potential issue are listed here for a reference or discussion. Note: the features listed below are not an exhausted one (e.g., Multicast reception in RRC_INACTIVE/IDLE is listed in a separate section).
 Architectural aspects

Different from Broadcast, Multicast is supposed to be provided in cells where UE connects to, instead of in a pre-planed manner in Broadcast where the Broadcast area is pre-determined. 

Dual connection (e.g., MR-DC) / cell aggregation are a technique that enables UE to be connected to two RAN nodes / cells simultaneously with enhanced throughput and/or better connection robustness.

In deployments, there can be scenarios that Multicast session is already available in some RAN nodes or cells, and the RAN nodes / cells can be already configured to UEs with dual connection or cell aggregation; or in some cases, the carrier frequency or the load of the RAN node / cell is more suitable to do the MBS data delivery. If reception on SCG cells or non primary cells are possible, it will be good for flexible deployment / better resource efficiency, e.g, network is able to do the Multicast delivery in certain cell or cell groups.

Support Multicast reception on SCG or non-primary cells could enable flexible deployment and allow better resource efficiency.

Current progress in Rel-17 indicates that MBS reception in only allowed in MCG or primary cells. Such limitation might be lifted in later meetings (which seems a low hanging fruit if the arch/signaling design is neat enough). However, more evaluation might be needed in both RAN2/3 to enable such feature.

Support MR-DC and multiple cell reception of Multicast service in Rel-18 if not supported in Rel-17.
 Advanced mobility

In Rel-17 NR MBS only basic mobility is to be supported. Therefore some of the advanced mobility was down prioritized or tagged as TBD in WG meetings. Meanwhile, the discussion of HO for MBS had stumbled over the WGs discussion with unclear requirements [2]. 

Rel-16 mobility enhancement features include CHO & DAPS to reduce the service interruptions. Such features can better serve MBS service as well, however the spec impacts are yet to be evaluated in current release. To achieve better minimization of data loss, how to adopt such advanced HO features to MBS can be supported for specific MBS services.
Support the advanced HO in Rel-18 if not supported in Rel-17.
 RRC_IDLE/RRC_INACTIVE support
 Scalability
MBS aims to provide scalable data delivery in air interface. Such scalability is unbeatable in some cases compared to unicast delivery especially when there might be congestion or the reception UE number is high [3]. In such case, service continuation is better than no service at all.

Multicast reception in RRC_INACTIVE state features scalability whose uniqueness is only available in MBS.
However to narrow down the discussion scope, only UE in RRC_CONNECTED state is allowed to do Multicast session reception in Rel-17 (e.g., all configuration about Multicast are sent through dedicated signaling). Therefore it is suggested further how to support Multicast reception in RRC_INACTIVE or even RRC_IDLE if supported by SA2.
Support Multicast reception in RRC_INACTIVE state in Rel-18.
 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 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 the future Release. 

Simulation Assumption

For MBS transmission, four simulation schemes are evaluated and the detailed simulation assumptions are summarized in Table A-1 in the appendix. 

Scheme 1: one shot transmission

Scheme 2: repetition transmission with a predefined number of repetition, including 2, 3, 4 repetitions

Scheme 3: retransmission according to NACK-only feedback with maximum 1,2,3 retransmissions

Scheme 4: transmission/retransmission according to both of NACK-only and CQI feedback

In our simulation, 2 Tx with max rank=1 and precoder cycling is used. Meanwhile, fixed MCS is applied in no CQI feedback simulation. 

The average cell throughput is applied as the performance metric. To calculate the average cell performance, the following requirements need to be satisfied.

1. BLER requirement for each UE, X%;

2. The network is eligible only if more than Y% of all the UEs in the network satisfy the UE’s BLER requirement.

3. Simulate all the possible configurations (i.e., selected MCS and maximum re-transmission number), choose the best average cell throughput of eligible network to represent the average cell throughput of the eligible network.

Note: Ideally, in order to get the best average cell throughput for no CQI feedback simulation, we may need to simulate all the potential MCSs. In our simulation, only parts of the MCSs are simulated to reduce the simulation workload. The simulated MCS are summarized in table A-2 in Appendix for reliability enhancement. For with CQI feedback simulation, the gNB selects the minimum MCS feedback by all UEs
4. The average cell throughput is calculated at the gNB side, i.e., if one packet is transmitted to 10 UEs, then it is calculated as one packet.

Simulation Results

Different schemes have been evaluated, and some of the previous simulation results are presented in [4][5] 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.

In this section, some new simulation results and corresponding analysis are provided below. 

The MBS PDSCH simulation results for comparison among different schemes and UE numbers are showed in Figure 1. As mentioned in above, value X is the BLER requirement for each UE and value Y is the target percentage of UEs that satisfy BLER requirement. Take Figure 1 as an example, X=1 means that UEs have to satisfy 1% BLER requirement; Y=99 means at least 99% of all UEs in the network need to satisfy 1% BLER requirement. 

For Figure 1, w/o feedback means the optimal performance in Scheme 1 and Scheme 2, NACKOnly feedback means the optimal performance in Scheme 3, and NACKOnly and CQI feedback means the optimal performance in Scheme 4. 
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Figure 1: Comparison of optimal throughput under different schemes

Based on the above analysis, the following observations are made.

Combination of NACK-only and CQI feedback can bring additional throughput gain comparing with transmission according to NACK-only feedback. 

Support UL feedback (e.g., NACK-only, CQI feedback, etc.) for MBS reception by RRC_IDLE/INACTIVE UEs in Rel-18 MBS.

 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 [6]. 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 state CA’. 

In addition, network doesn’t need to know whether UEs are capable of ‘IDLE state 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 state CA’ capable UEs, a larger throughput and a higher user experience on MBS transmission can be expected. 

Support CA for RRC_IDLE/INACTIVE UEs in Rel-18 MBS for boosting the broadcast throughput and improving user experience on MBS transmission.

 MBSFN support

 Motivation
Based on the simulation results in [4], 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 higher performance gain.

 Simultaneous reception of MBS and unicast
During RAN Rel-18 Workshop, a large number of companies showed great interests on MBSFN for Rel-18 [7]. However, there are also some companies have concern on the complexity of introducing new SCS or CP for MBSFN. Even if the legacy SCS and CP is reused, Multicast/broadcast and unicast service may still use different SCS. For example, Multicast/broadcast use 15 kHz in MBSFN and unicast use 30 kHz. From our perspective, supporting both unicast and MBSFN can increase the system spectral efficiency because unicast can provide high throughput for individual UE and MBSFN can apply the same time-frequency resource for a large number UEs. Network can use unicast and MBSFN dynamically and simultaneously to accommodate different traffic in the same cell, 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.

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 use experience.

Supporting two simultaneous activated BWPs not only facilitates simultaneous reception of MBSFN and unicast, but also is required by multiple hot topics discussed in RAN Rel-18 workshop. 

One of them is sub-band full duplex [8]. As shown in the figure below, 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 [9] 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. 

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.
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Figure 2: 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. 

Support MBSFN based transmission in Rel-18 MBS. 

Support simultaneous reception of MBSFN and Unicast in the same serving cell through two simultaneous activated BWPs.

 SFN granularity

In above section we have analyzed the importance to introduce SFN transmission for MBS. From network perspective, what kind of SFN granularity shall be achieved needs further discussion:

In one DU
Inter-DU or above DU level
Inter gNB
In legacy LTE eMBMS technique, to achieve MBSFN resource allocation, a central unit MCE is used to coordinate the resources among eNBs. And to avoid difficulties and complexities in scheduling, resources are statically allocated in sub-frame level with a dedicated physical channel PMCH. Meanwhile, a dedicated network interface M2 between MCE and eNB enables such resource coordination by allowing MCE to do the scheduling instead of eNB.

We suggest that before the requirement of above DU level SFN is justified (e.g., how wide area transmission is enough? In our view, it should be in several cells in one DU, even wider SFN transmission can be met by Rel-16 5G Terrestrial Broadcast technique), SFN transmission in one gNB-DU is a good balance between better MBS transmission efficiency and spec impacts:

Not to introduce PMCH in physical layer, reduce the load of RAN1 work.
Not to duplicate M2/MCE function into RAN.
Therefore, it is suggested:
Limit SFN transmission in one gNB-DU in Rel-18 NR MBS MBSFN support.
Do not introduce PMCH in physical layer in Rel-18 NR MBS.

 Spectrum efficiency/capacity/reliability 
 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[10], 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 stipulate 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. 
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Figure 3: Unnecessary constraints on frequency locastion among CFRs

The CFR configuration in Rel-17 MBS affects MBS service expansion and user experience, for example, UE energy consumption and compatibility of low-capability UEs.

Support enhancement of CFR configuration for UE in RRC_IDLE/INACTIVE states in Rel-18 MBS. Such as, remove or relax the frequency location and numerology constraints among CFRs as well as location constraints between CFR and initial BWP in RRC_IDLE/INACTIVE states; or support more than one CFR.
 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. 

Support beam management for Multicast transmission in Rel-18 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. 

Study HPN process management for Multicast transmission in Rel-18 MBS, e.g., how to avoid the mutual restriction on use of HPN between Unicast and Multicast as well as among different Multicast services.
 Power saving

Current RAN WGs' progress on NR MBS does not prioritize energy efficiency in some of the design. For example, for UE configured with split MRB, the PTM transmission monitoring and the corresponding HARQ feedback continues while PDCP layer might be flooded with duplications, it is not power efficient. 

RAN2 115-e agreements

Will not support PTM deactivation/activation beyond RRC reconfiguration acc to first agreement above (and whatever R1 decides). 

While for delivery mode 2, UE monitors MCCH modification in a per cell level, it is not power efficient either, e.g,. when the cells are broadcasting MBS with different control plane latency requirements, UE has to monitor the MCCH change based on a per cell modification period which is decided by network based on the service with the most strict latency requirement. 

There are other mechanisms that can be borrowed from Rel-16 power saving WI as well.
Therefore, we support the work on power saving mechanisms with high priority in Rel-18 NR MBS.

There are some easily achievable power saving mechanisms in Rel-17. 

Rel-18 NR MBS prioritizes power saving mechanisms.
 FTA/ROM

FTA/ROM is important to scenarios for cross PLMN MBS service reception and it enables UE without interactive cellular capability to receive Broadcast service, e.g., devices without traditional cellular communication module or without such need, can also benefit from cellular broadcast (e.g., LTE eMBMS or NR MBS) by receiving some TV programme or emergency information.
The support of FTA/ROM can be supported to broaden MBS use cases and scenarios.
From technique perspective,
FTA (free to air) is a requirement in Rel-14 that asks for no content ciphering, that is, all content is available to everyone who is able to receive the packet data on air interface. FTA services usually are characterized by preserved service IDs (TMGIs), therefore in both user equipment and service provider there is a consensus that the service will be available. 

Meanwhile ROM is designed for specific UE that has no cellular module (therefore no so called RRC states) or separate cellular module (but shared base-band capability in some cases, therefore UE capability and interests awareness to network might be needed).


Either technique won’t bring much RAN impacts, however, some kind of coordination might be needed among WGs, e.g., defining FTA service in service layer.
FTA/ROM impacts to RAN specs are limited.
Support FTA/ROM in Rel-18 NR MBS.

 Conclusion
We have following suggestion on Rel-18 NR MBS:

Proposal 1
Support MR-DC and multiple cell reception of Multicast service in Rel-18 if not supported in Rel-17.

Proposal 2
Support the advanced HO in Rel-18 if not supported in Rel-17.

Proposal 3
Support Multicast reception in RRC_INACTIVE state in Rel-18.

Proposal 4
Support UL feedback (e.g., NACK-only, CQI feedback, etc.) for MBS reception by RRC_IDLE/INACTIVE UEs in Rel-18 MBS.

Proposal 5
Support CA for RRC_IDLE/INACTIVE UEs in Rel-18 MBS for boosting the Broadcast throughput and improving user experience on MBS transmission.

Proposal 6
Support MBSFN based transmission in Rel-18 MBS. 

Proposal 7
Support simultaneous reception of MBSFN and Unicast in the same serving cell through two simultaneous activated BWPs.

Proposal 8
Limit SFN transmission in one gNB-DU in Rel-18 NR MBS MBSFN support.

Proposal 9
Do not introduce PMCH in physical layer in Rel-18 NR MBS.

Proposal 10

Support enhancement of CFR configuration for UE in RRC_IDLE/INACTIVE states in Rel-18 MBS. Such as, remove or relax the frequency location and numerology constraints among CFRs as well as location constraints between CFR and initial BWP in RRC_IDLE/INACTIVE states; or support more than one CFR.

Proposal 11

Support beam management for Multicast transmission in Rel-18 MBS, e.g., defining partial Beam sweeping for Multicast transmission. 

Proposal 12

Study HPN process management for Multicast transmission in Rel-18 MBS, e.g., how to avoid the mutual restriction on use of HPN between Unicast and Multicast as well as among different multicast services.
Proposal 13

Rel-18 NR MBS prioritizes power saving mechanisms.

Proposal 14

Support FTA/ROM in Rel-18 NR MBS.

According to the above analysis, the following objectives (which reflect the above proposals) are further proposed for Rel-18 MBS WID, 

Specify support for Rel-17 leftovers [RAN1, RAN2, RAN3]

Specify Multicast reception in MR-DC architecture [RAN2, RAN3]

Specify advanced HO support for Multicast [RAN2, RAN3]

Specify support for Multicast in INACTIVE/IDLE state [RAN1, RAN2, RAN3]

Specify group scheduling mechanism for Multicast reception in RRC_INACTIVE/IDLE [RAN2, RAN1]

Specify enhancements for Multicast reception continuity during states transitioning/cell re-selection [RAN2, RAN3]

Specify reliability enhancement mechanisms, e.g., UL feedback for RRC_INACTIVE/IDLE UEs [RAN1, RAN2]

Specify CA for MBS reception [RAN1, RAN2]

Specify support for SFN based MBS transmission with minimized network arch/interface impacts [RAN1, RAN2, RAN3]

Study simultaneous reception of SFN based MBS and unicast in the same serving cell [RAN1, RAN2, RAN3]

Specify mechanisms to improve reliability/efficiency/throughput of Broadcast/Multicast service for different RRC states. [RAN1, RAN2]

Specify CFR enhancement, e.g., more than one CFR per cell, remove or relax the frequency location and numerology constraints among CFRs as well as location constraints between CFR and initial BWP in RRC_IDLE/INACTIVE states [RAN1, RAN2]

Specify beam management mechanism for Multicast transmission [RAN1]

Specify HARQ process management according to dynamic sharing between Multicast and Unicast [RAN1, RAN2]

Specify mechanisms to improve power efficiency. [RAN2, RAN1];
Specify FTA/ROM support. [RAN2, RAN1];
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 Annex
Table A-1 Simulation assumptions 

	Parameters
	Value

	Inter-BS distance
	500m

	Carrier frequency
	700MHz

	UE Tx power
	23dBm

	BS antenna element gain + connector loss
	8 dBi

	BS receiver noise figure
	5dB

	BS antenna configurations
	2 Tx antenna ports:

(M, N, P, Mg, Ng; Mp, Np) = (1, 1, 2, 1, 1; 1, 1)

	BS antenna height
	25 m

	UE antenna configuration
	2 Rx antenna ports:

(M, N, P, Mg, Ng; Mp, Np) = (1, 1, 2, 1, 1; 1, 1)

	UE antenna height
	1.5m

	UE antenna gain
	0dBi

	BS Tx power
	49 dBm per 10 MHz 

	BS receiver
	MMSE-IRC

	UE receiver noise figure
	9 dB

	SCS 
	15 kHz

	Simulation bandwidth 
	5 MHz

	Layout
	Single layer - Macro layer: Hex. Grid

	Channel model 
	UMa in TR 38.901

	Number of UEs per Cell
	100

	UE distribution
	80% of users are indoor: 3 km/h 

	Traffic model
	Full buffer

	CQI feedback
	Wideband CQI with 5ms CQI delay 


Table A-2: MCS table in our simulation for Reliability Enhancement

	MCS Index
IMCS
	Modulation Order
 Qm
	Target code Rate R x [1024]
	Spectral

efficiency

	0
	2
	120
	0.2344

	1
	2
	157
	0.3066

	2
	2
	193
	0.3770

	3
	2
	251
	0.4902

	4
	2
	308
	0.6016

	5
	2
	379
	0.7402

	6
	2
	449
	0.8770

	7
	2
	526
	1.0273

	8
	2
	602
	1.1758

	9
	2
	679
	1.3262

	10
	4
	340
	1.3281

	11
	4
	378
	1.4766

	12
	4
	434
	1.6953

	13
	4
	490
	1.9141

	14
	4
	553
	2.1602

	15
	4
	616
	2.4063

	16
	4
	658
	2.5703

	17
	6
	438
	2.5664

	18
	6
	466
	2.7305

	19
	6
	517
	3.0293
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