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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 RAN1#102e meeting, some main issues about reliability improvement mechanism for MBS transmission were discussed, and the following agreement on CSI feedback was made [2]. 
	Agreement:
· For RRC_CONNECTED UEs, existing CSI feedback can be used for multicast transmission.
· FFS: whether enhancement is needed 




In this contribution, some preliminary simulation results of different CSI feedback schemes are given.
Discussion
2.1 Simulation assumption
For MBS PDSCH, four simulation schemes are evaluated and the detailed simulation assumptions are summarized in Table A-1 in the appendix. 
· Scheme 1: MBS transmission without CQI, PMI and RI feedback. gNB determines CQI, PMI and RI based on the RSRP feedback and PMI, RI cycling, respectively.
· Scheme 2: MBS transmission with CQI feedback but without PMI and RI feedback. Network determines CQI, PMI and RI based on the CQI feedback and PMI, RI cycling, respectively.
· Scheme 3: MBS transmission with CQI, PMI and RI feedback. Network determines CQI, PMI and RI based on the CQI, PMI and RI feedback, respectively. 
· Scheme 4: Network determines CQI, PMI and RI based on channel correspondence. 
Note: in our simulation, 2 Tx with max rank=2 precoding codebook is used.
UEs are separated into different MBS groups, and the UEs within the same MBS group apply the same beam direction. Scheme 1 is for broadcast especially for RRC idle/inactive UEs. Scheme 2 is for multicast for RRC connected UE where PMI and RI feedback are disabled. Scheme 3 is for multicast for RRC connected UE where CQI, PMI and RI feedback is enabled. Scheme 4 is for multicast for RRC connected UE where channel correspondence is enabled. 
2.2 Simulation results
The MBS PDSCH simulation results of comparison among different schemes are described in this section. 




Table 1: Simulation results for different schemes
	# of UEs
Simulation schemes
	2
	4
	8

	Scheme 1
(Baseline)
	Spectrum efficiency (bps/Hz)
(Baseline: 2-port MBS transmission without CQI/PMI/RI feedback)
	2.4995
	2.1153
	2.2742

	Scheme 2
	Spectrum efficiency (bps/Hz)
	3.0085
	2.2756
	2.2937

	
	Gain compared with scheme 1
	20.36%
	7.58%
	0.86%

	Scheme 3
	Spectrum efficiency (bps/Hz)
	5.6234
	4.2438
	3.6038

	
	Gain compared with scheme 1
	124.98%
	100.62%
	58.46%

	[bookmark: OLE_LINK1]Scheme 4
	Spectrum efficiency (bps/Hz)
	5.7684
	5.0797
	5.103

	
	Gain compared with scheme 1
	130.78%
	140.14%
	124.39%



Based on the results, it can be observed that, 
· The performance of multicast transmission in RRC connected state with CSI feedback outperforms that of broadcast in RRC idle/inactive state. 
· [bookmark: _GoBack]Comparing with performance of MBS transmission without CQI/PMI/RI feedback, the gain of pure CQI feedback becomes marginal as the number of UEs increases. It means pure CQI feedback has limited gain in a high-interference environment. 
· [bookmark: OLE_LINK4][bookmark: OLE_LINK7][bookmark: OLE_LINK2]The performance of the multicast transmission with CQI, PMI and RI obtained from channel correspondence is much better than that of pure CQI feedback. 
· [bookmark: OLE_LINK5]The performance of the multicast transmission with CQI, PMI and RI obtained from channel correspondence is better than that of the multicast transmission with CQI, PMI and RI feedback. And the performance gap become larger as the number of UEs increases. 
From performance perspective, NR MBS should be served in RRC connected state as much as possible. CQI, PMI and RI feedback should be supported for multicast transmission. Furthermore, it becomes harder for determining an appropriate PMI/RI for multicast transmission as the number of UE increases. 
[bookmark: OLE_LINK3][bookmark: OLE_LINK6]Observation: 
· The performance of multicast transmission in RRC connected state with CSI feedback outperform that in RRC idle/inactive state without CSI feedback. 
· Compared with performance of MBS transmission without CQI/PMI/RI feedback, the gain of pure CQI feedback becomes marginal as the number of users increases.
· The performance of the MBS transmission with CQI, PMI and RI obtained from channel correspondence is much better than that of pure CQI feedback. 
· The performance of the multicast transmission with CQI, PMI and RI obtained from channel correspondence is better than that of the multicast transmission with CQI, PMI and RI feedback. And the performance gap become larger as the number of UEs increases. 
Based on the above observation, we have the following proposals.
Proposal 1: From performance perspective, NR MBS should be served in RRC connected state as much as possible. CQI, PMI and RI feedback should be supported for MBS transmission. 
Proposal 2: Further study whether enhancement is needed for existing CSI reporting mechanism and reporting quantity so that network can choose the most appropriate PMI/RI for multicast transmission that is targeting a group of UEs.
Conclusion
In this contribution, some preliminary simulation results of CSI feedback for NR MBS are presented with the following observation and proposals.
Observation: 
· The performance of multicast transmission in RRC connected state with CSI feedback outperform that in RRC idle/inactive state without CSI feedback. 
· Compared with performance of MBS transmission without CQI/PMI/RI feedback, the gain of pure CQI feedback becomes marginal as the number of users increases.
· The performance of the MBS transmission with CQI, PMI and RI obtained from channel correspondence is much better than that of pure CQI feedback. 
· The performance of the multicast transmission with CQI, PMI and RI obtained from channel correspondence is better than that of the multicast transmission with CQI, PMI and RI feedback. And the performance gap become larger as the number of UEs increases. 

Proposal 1: From performance perspective, NR MBS should be served in RRC connected state as much as possible. CQI, PMI and RI feedback should be supported for MBS transmission. 
Proposal 2: Further study whether enhancement is needed for existing CSI reporting mechanism and reporting quantity so that network can choose the most appropriate PMI/RI for multicast transmission that is targeting a group of UEs.


Reference
RP-201038, WID revision: NR Multicast and Broadcast Services, RAN#88e.
3GPP RAN1#102-e, Chairman’s notes.

Appendix
Table A-1 Simulation assumptions of CSI feedback
	Parameters
	Value

	Inter-BS distance
	500m

	Carrier frequency
	4 GHz

	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) = (8, 4, 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 
	30 kHz

	Simulation bandwidth 
	20 MHz

	Layout
	Single layer - Macro layer: Hex. Grid

	Channel model 
	UMa in TR 38.901

	Number of UEs per MBS group
	4

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

	HARQ
	Max number of transmissions = 1 with target BLER = 1%

	Channel estimation
	Ideal

	CSI feedback Period and scheduling delay
	5, 2

	CSI feedback mode
	Sub-band feedback

	Traffic model
	Full buffer
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