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1 [bookmark: _Ref4817]Introduction
During RAN#88e meeting, the revised WI on NR MBS has been approved [1]. There are mainly three objectives related to RAN1.
1. Specify a group scheduling mechanism to allow UEs to receive Broadcast/Multicast service for RRC_CONNECTED UEs;
2. Specify required changes to improve reliability of Broadcast/Multicast service for RRC_CONNECTED UEs;
3. Specify RAN basic functions for broadcast/multicast for UEs in RRC_IDLE/ RRC_INACTIVE states.
In this contribution, we give our consideration on performance enhancement of MBS transmission for RRC_IDLE/INACTIVE UEs with some preliminary simulation results. 
2 [bookmark: OLE_LINK8]Discussion
Based on the current WID, enhancements for MBS are mainly designed for RRC_CONNECTED UEs. However, it is also very important to support and improve performance of MBS for RRC_IDLE/INACTIVE UEs. In this contribution, the reliability enhancement and SFN transmission are simulated for RRC_IDLE/INACTIVE UEs to see whether there is potential gain.
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, including2, 3, 4 repetitions
· Scheme 3: retransmission according to NACK-only feedback
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.
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

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. While for RRC_IDLE/INACTIVE UEs, it is still questionable on the performance without enabling HARQ-ACK feedback and retransmission. We have evaluated it under different schemes, the results and corresponding analysis are provided below. 
The MBS PDSCH simulation results for comparison among different schemes 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 (1a) as an example, X=1 means that UEs have to satisfy 1% BLER requirement; Y=90 means at least 90% of all UEs in the network need to satisfy 1% BLER requirement. 
For Figure (1a) and Figure (1b), 90% of UEs in the network need to satisfy 1% BLER requirement. For Figure (1c) and Figure (1d), 99% of UEs in the network need to satisfy 1% BLER requirement. 
	
(1a) 
	
(1b) 

	
(1c)
	
(1d)



[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][bookmark: OLE_LINK6]Observation 1: For RRC_IDLE/INACTIVE UEs, NACK-only feedback brings additional throughput gain over one shot transmission and PDSCH repetition due to more efficient use of resource, 
In Figure 1a (X=1, Y=90), NACK-only feedback with maximum 1 retransmission has, 
· 16.91% gain over one shot transmission
· 0.1% gain over PDSCH repetition with 2 times
In Figure 1b (X=1, Y=90), NACK-only feedback with maximum 3 retransmissions has, 
· 34.91% gain over one shot transmission
· 75.10% gain over PDSCH repetition with 4 times
In Figure 1c (X=1, Y=99), NACK-only feedback with maximum 1 retransmission, 
· 140.68% gain of NACK-only feedback over one shot transmission
· 95.13% gain of NACK-only feedback over PDSCH repetition with 2 times
In Figure 1d (X=1, Y=99), NACK-only feedback with maximum 3 retransmissions has, 
· 209.07% gain over one shot transmission
· 117.20% gain over PDSCH repetition with 4 times

Observation 2: For RRC_IDLE/INACTIVE UEs, the higher requirement of percentage of UEs satisfying BLER requirements, the higher the performance gain brought by NACK-only feedback.
Based on the above observations, we have the following proposals.
Proposal 1: From performance perspective, NACK-only feedback for RRC_IDLE/INACTIVE UEs can be considered for reliability enhancement. 
2.3 Simulation Results of SFN Transmission
Based on the current WID, SFN is not going to be specified for NR MBS. However, SFN is a common performance enhancement method for network operators. Especially, it is beneficial to mitigate the interference among cells. In this section, we also provide the results of SFN transmission. In our simulation, the number of cooperate nodes includes 3 and 9.  
Similarly, the average cell throughput is applied as the performance metric. The detailed throughput for cases without TRP SFN is summarized in Figure A-1 in Appendix. As we can see, 2 repetitions without SFN has the highest average cell throughput among all the cases without TRP SFN (i.e., one shot w/o SFN, 2 repetitions w/o SFN, 3 repetitions w/o SFN, 4 repetitions w/o SFN). For comparison, the case that has the highest average cell throughput (i.e., 2 repetitions without SFN) is chosen to represent the throughput of cases without SFN.
The throughput for cases with 3 TRPs SFN are summarized in Figure A-2 in Appendix. Similarly, for comparison, the case that has the highest average cell throughput (i.e., 2 repetitions with 3 TRP SFN) is chosen to represent the throughput of cases with 3TRPs SFN.
The throughput for cases with 9 TRPs SFN are summarized in Figure A-3 in Appendix. Similarly, for comparison, the case that has the highest average cell throughput (i.e., one shot with 9 TRP SFN) is chosen to represent the throughput of cases with 9 TRPs SFN.
The best average cell throughput for the case without SFN (i.e., 2 repetitions without SFN), for the case with 3TRPs SFN (i.e., 2 repetitions with 3 TRP SFN) and for the case with 9 TRPs SFN (i.e., one shot with 9 TRP SFN) are summarized in Figure-2. 


Figure-2: Comparison of optimal throughput under different schemes
Based on the above figure, the following observations can be made.
Observation 3: 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%, 200.80% gain of 9 TRPs SFN transmission over w/o SFN transmission transmission and 3 TRPs SFN transmission, respectively

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.
Based on the above observation, we have the following proposals.
Proposal 2: From performance perspective, SFN transmission can be considered in network deployment for broadcast transmission for RRC_IDLE/INACTIVE UEs. 

3 Conclusion
In this contribution, some preliminary simulation results of performance enhancement for RRC_IDLE or INACTIVE UEs are presented with the following observation and proposals.
Reliability Enhancement
Observation 1: For RRC_IDLE/INACTIVE UEs, NACK-only feedback brings additional throughput gain over one shot transmission and PDSCH repetition due to more efficient use of resource, 
In Figure 1a (X=1, Y=90), NACK-only feedback with maximum 1 retransmission has, 
· 16.91% gain over one shot transmission
· 0.1% gain over PDSCH repetition with 2 times
In Figure 1b (X=1, Y=90), NACK-only feedback with maximum 3 retransmissions has, 
· 34.91% gain over one shot transmission
· 75.10% gain over PDSCH repetition with 4 times
In Figure 1c (X=1, Y=99), NACK-only feedback with maximum 1 retransmission, 
· 140.68% gain of NACK-only feedback over one shot transmission
· 95.13% gain of NACK-only feedback over PDSCH repetition with 2 times
In Figure 1d (X=1, Y=99), NACK-only feedback with maximum 3 retransmissions has, 
· 209.07% gain over one shot transmission
· 117.20% gain over PDSCH repetition with 4 times

Observation 2: For RRC_IDLE/INACTIVE UEs, the higher requirement of percentage of UEs satisfying BLER requirements, the higher the performance gain brought by NACK-only feedback.
Proposal 1: From performance perspective, NACK-only feedback for RRC_IDLE/INACTIVE UEs can be considered for reliability enhancement. 

SFN Transmission
Observation 3: 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%, 200.80% gain of 9 TRPs SFN transmission over w/o SFN transmission transmission and 3 TRPs SFN transmission, respectively
[bookmark: _GoBack]Proposal 2: From performance perspective, SFN transmission can be considered in network deployment for broadcast transmission for RRC_IDLE/INACTIVE UEs. 
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5 Appendix
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
	MCS Index
	MO
	CR
	SE

	1
	2
	0.07617
	0.1523

	2
	2
	0.11719
	0.2344

	3
	2
	0.18848
	0.3770

	4
	2
	0.30078
	0.6016

	5
	2
	0.43848
	0.8770

	6
	2
	0.58789
	1.1758

	7
	4
	0.36914
	1.4766

	8
	4
	0.47852
	1.9141

	9
	4
	0.60156
	2.4063

	10
	6
	0.45508
	2.7305

	11
	6
	0.55371
	3.3223

	12
	6
	0.65039
	3.39023

	13
	6
	0.75391
	4.5234

	14
	6
	0.85254
	5.1152

	15
	6
	0.92578
	5.5547





Figure A-1: Throughput without SFN


Figure A-2: Throughput with 3 TRPs SFN


Figure A-3: Throughput with 9 TRPs SFN



Throughput (X=1,Y=90)

One shot	2 Repetitions	NACK only with max 1 ReTx	1357000	1572300	1586500	


Throughput (X=1,Y=90)

One shot	4 Repetitions	NACK only with max 3 ReTx	1357000	1045500	1830700	


Throughput (X=1,Y=99)

One shot	2 Repetitions	NACK only with max 1 ReTx	548000	675900	1318900	


Throughput (X=1,Y=99)

One shot	4 Repetitions	NACK only with max 3 ReTx	548000	779800	1693700	


Throughput (bit/s)

2 Repetitions  w/o SFN	2 Repetitions with 3 TRP SFN	One shot with 9 TRP SFN	1572300	6996000	14048000	


Throughput (bit/s)

One shot w/o SFN	2 Repetitions  w/o SFN	3 Repetitions  w/o SFN	4 Repetitions  w/o SFN	1357000	1572300	1399000	1045500	


Throughput (bit/s)

One shot with 3 TRP SFN	2 Repetitions with 3 TRP SFN	3 Repetitions with 3 TRP SFN	4 Repetitions with 3 TRP SFN	6891000	6996000	6609000	4939200	


Throughput (bit/s)

One shot with 9 TRP SFN	2 Repetitions with 9 TRP SFN	3 Repetitions with 9 TRP SFN	4 Repetitions with 9 TRP SFN	14048000	9958500	6609000	4939200	
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