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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]. In this contribution, we provide our considerations for further enhancements for Rel-18 MBS together with some simulation results.
Reliability Enhancement
For UEs in RRC_CONNECTED state, HARQ-ACK feedback is supported for improving the reliability of MBS transmission. However, it hasn’t been agreed to support HARQ-ACK feedback for RRC_IDLE/INACTIVE UEs. And it is NOT efficient or even NOT possible for massive UEs 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 system efficiency. 
Potential enhancements of reliability enhancement for RRC_IDLE/INACTIVE UEs should be further considered in the future Release. 
2.1 Simulation Assumption
For MBS transmission, three 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
In our simulation, 2 Tx with max rank=1 and precoder cycling is used. Meanwhile, fixed MCS is applied in each 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, 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.
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.
2.2 Simulation Results of Reliability Enhancement
Different schemes have been evaluated, and some of the previous simulation results are presented in [2] with the following observation. 
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 Section 2.1, 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, No NACKOnly Group means the optimal performance in Scheme 1 and Scheme 2, and NACKOnly Group means the optimal performance in Scheme 3.

[bookmark: OLE_LINK1]Figure-1: Comparison of optimal throughput under different schemes
Based on the above analysis, the following observations are made.
[bookmark: OLE_LINK3]Observation 1: 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.
MBSFN
Based on the simulation results in [2], 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. However, in practical scenario, it is difficult to deploy SFN networks with more than 3 SFN nodes. Therefore, SFN networks with 3 SFN nodes may be a more practical choice.
During RAN Rel-18 Workshop, a large number of companies showed great interests on MBSFN for Rel-18 [3]. 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. To enable simulation operation of multicast/broadcast service and unicast service 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.
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 use experience.
Supporting two simultaneous activated BWPs has high extendibility, which can be used to at least the following hot topics discussed in RAN Rel-18 workshop, i.e., sub-band full duplex and multi-band cell [4][5]. 
As shown in the following figure, if sub-band full duplex is supported, the DL resource may be partitioned by the UL resource and UL bandwidth may change slot by slot. In order to fully exploit the benefits of full duplex, UE is required to support non-continuous BWP or support faster BWP switching, which will cause huge implementation/specification impact. One way to simply the specification work and implementation is to support two simultaneous activated BWPs per cell. For example, the two pieces of DL resource in each side can be configured as two DL BWPs, respectively. UE can support one or two activated BWPs based on its traffic. Similarly, the two pieces of UL resource can be configured as two UL BWPs, respectively. With this, there is no switching delay for UL BWP1 and UL BWP2 as shown below.
Similarly, two simultaneous activated BWPs can also be used for 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. 
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.
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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.
Conclusion
In this contribution, we provide some new simulation results reliability improvement and provide one potential solution for simultaneous reception of MBSFN and unicast.
Observation 1: 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.
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 use 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.
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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











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






X=1

No NACKOnly Group	Y=99, 50UEs	Y=99, 100UEs	Y=99, 200UEs	913500	583200	583200	NACKOnly Group	Y=99, 50UEs	Y=99, 100UEs	Y=99, 200UEs	1739700	1274900	1024200	
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