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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: _Ref129681832]In RAN #88-e meeting, a new work item, i.e., NR Multicast and Broadcast Services was approved [1]. One of its objectives is as follows:
	· Specify RAN basic functions for broadcast/multicast for UEs in RRC_CONNECTED state [RAN1, RAN2, RAN3]:
· Specify a group scheduling mechanism to allow UEs to receive Broadcast/Multicast service [RAN1, RAN2]
· This objective includes specifying necessary enhancements that are required to enable simultaneous operation with unicast reception.
· Specify support for dynamic change of Broadcast/Multicast service delivery between multicast (PTM) and unicast (PTP) with service continuity for a given UE [RAN2, RAN3]
· Specify support for basic mobility with service continuity [RAN2, RAN3]
· Assuming that the necessary coordination function (like functions hosted by MCE, if any) resides in the gNB-CU, specify required changes on the RAN architecture and interfaces, considering the results of the SA2 SI on Broadcast/Multicast (SP-190625) [RAN3]
· Specify required changes to improve reliability of Broadcast/Multicast service, e.g. by UL feedback. The level of reliability should be based on the requirements of the application/service provided.[RAN1, RAN2]
· Study the support for dynamic control of the Broadcast/Multicast transmission area within one gNB-DU and specify what is needed to enable it, if anything [RAN2, RAN3]



In this contribution, we provide some performance evaluations for supporting HARQ for NR multicast. 
Discussion
The purpose of the evaluations is to show the performance gains of supporting HARQ for NR MBS. 
Requirements and evaluation metrics
Taking one multicast use cases of live video, the requirements for live video from TS 23.501 [2] are as follows:
Table 1 Standardized 5QI to QoS characteristics mapping [2]
	5QI
Value
	Resource Type
	Default Priority Level
	Packet Delay Budget
(NOTE 3)
	Packet Error
Rate 
	Default Maximum Data Burst Volume
(NOTE 2)
	Default
Averaging Window
	Example Services

	2
	GBR
	40
	150 ms
	10-3
	N/A
	2000 ms
	Conversational Video (Live Streaming)



In addition, a static value for the CN PDB (Packet Delay Budget) of 20 ms should be subtracted from the given PDB to derive the packet delay budget that applies to the radio interface. Therefore, the radio interface PDB for live video should be 130ms, and the PER (Packet Error Rate) should be 10-3.
The system availability and the RU (resource utilization) are to be used as evaluation metrics, where the availability means the ratio of UEs fulfill the requirements of both PDB and PER and the RU means the ratio of the amount of used resources to the amount of total resources. 
Simulation results
Two traffic models are evaluated, one is 720p and 60fps live video at 700 MHz carrier frequency, and the other is 1080p and 60fpt live video at 2.6 GHz carrier frequency. The detailed simulation assumptions are given in Appendix as in Table 2.
The HARQ mechanisms for NR multicast in RRC_CONNECTED state is discussed in the companion contribution [3].
Performance evaluation for 700 MHz FDD
Figure 1 shows the evaluation results of availability and RU for 700 MHz carrier frequency, where Multicast IDLE refers to NR multicast for RRC_IDLE/RRC_INACTIVE states with fixed MCS.
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[bookmark: _Ref46416655]Figure 1: Availability and RU for 700 MHz carrier frequency
It can be seen from Figure 1:
· Compared with unicast, the gain of NR multicast in RRC_CONNECTED state (Multicast w/ HARQ) over unicast in terms of system availability is, e.g., nearly 40% for 5 UEs and nearly 60% for 10 UE and the gain in terms of system RU is, e.g., about 20% for 5 UEs and about 50% for 10 UEs. This is because NR multicast can transmit signals to multiple UEs on the same resource simultaneously which cause a lower RU compared with unicast so that a lower MCS can be used in NR multicast to improve the availability.
· For NR multicast in RRC_IDLE/RRC_INACTIVE states, the CSI and HARQ feedback is not available which results that the system RU is larger than NR multicast in RRC_CONNECTED state (Multicast w/ HARQ), e.g., about 25% for 5 UEs and about 20% for 10 UEs.
· Compared with NR multicast in RRC_CONNECTED state without HARQ, NR multicast in RRC_CONNECTED state with HARQ gains in terms of system availability, e.g., nearly 20% for 5 UEs and nearly 40% for 10 UEs and in terms of system RU, e.g., about 10% for 5 UEs and about 15% for 10 UEs.
Observation 1: For 700 MHz carrier frequency, compared with unicast, NR multicast in RRC_CONNECTED state gains max 60% in terms of availability and max 50% in terms of RU.
Observation 2: For 700 MHz carrier frequency, compared with NR multicast in RRC_IDLE/RRC_INACTIVE states, NR multicast in RRC_CONNECTED gains max 25% in terms of RU.
Observation 3: For 700 MHz carrier frequency, compared with NR multicast in RRC_CONNECTED state without HARQ, NR multicast in RRC_CONNECTED state with HARQ gains max 40% gain in terms of availability and max 15% in terms of RU.
Performance evaluation for 2.6 GHz TDD 
Figure 2 shows the evaluation results of availability and RU for 2.6 GHz carrier frequency, where Multicast (Optimized precoder) refers to NR multicast in RRC_CONNECTED state with optimized precoder which is optimized based on the channel state, and Multicast (Precoder cycling) refers to NR multicast in RRC_CONNECTED state with precoder cycling.
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[bookmark: _Ref46419238]Figure 2: Availability and RU for 2.6 GHz carrier frequency

It can be seen from Figure 2:
· Compared with unicast, NR multicast in RRC_CONNECTED state (Multicast with optimized precoder) gains in terms of system availability, e.g., about 10% for 5 UEs and about 50% for 8 UEs and gains more in terms of system RU, e.g., about 30% for 5 UEs and about 50% for 8 UEs as the number of UEs increases; 
· For NR multicast in RRC_CONNECTED state with precoder cycling, the system RU is larger than NR multicast in RRC_CONNECTED state with optimized precoder, e.g., nearly 30% for 5 UEs and about 20% for 8 UEs.
Observation 4: For 2.6 GHz carrier frequency, compared with unicast, NR multicast in RRC_CONNECTED state gains max 50% in terms of availability and max 50% in terms of RU.
Observation 5: For 2.6 GHz carrier frequency, compared with NR multicast in RRC_CONNECTED state with precoder cycling, NR multicast in RRC_CONNECTED state with optimized precoder gains max 30% in terms of RU.

Conclusions
In this contribution, simulation results for evaluating supporting HARQ for NR multicast are presented, which leads to the following observations:
Observation 1: For 700 MHz carrier frequency, compared with unicast, NR multicast in RRC_CONNECTED state gains max 60% in terms of availability and max 50% in terms of RU.
Observation 2: For 700 MHz carrier frequency, compared with NR multicast in RRC_IDLE/RRC_INACTIVE states, NR multicast in RRC_CONNECTED gains max 25% in terms of RU.
Observation 3: For 700 MHz carrier frequency, compared with NR multicast in RRC_CONNECTED state without HARQ, NR multicast in RRC_CONNECTED state with HARQ gains max 40% gain in terms of availability and max 15% in terms of RU.
Observation 4: For 2.6 GHz carrier frequency, compared with unicast, NR multicast in RRC_CONNECTED state gains max 50% in terms of availability and max 50% in terms of RU.
Observation 5: For 2.6 GHz carrier frequency, compared with NR multicast in RRC_CONNECTED state with precoder cycling, NR multicast in RRC_CONNECTED state with optimized precoder gains max 30% in terms of RU.
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Appendix 
[bookmark: _Ref46416534]Table 2 Simulation assumptions for evaluating multicast
	Parameters
	Value

	Layout
	Single layer - Macro layer

	Inter-BS distance
	500 m

	Carrier frequency
	700 MHz and 2.6 GHz

	Simulation bandwidth
	20 MHz

	Duplex Mode 
	For 700 MHz, FDD;
For 2.6 GHz, TDD (DDDSU, 10:2:2 for S).

	SCS / Cyclic Prefix
	30 kHz / NCP

	Channel model 
	UMa in TR 36.873

	BS antenna configuration
	Antenna Config. #1: apply to 700 MHz
· 2 Tx antenna ports, and (dH, dV) = (0.5λ, 0.8λ)
(M, N, P, Mg, Ng; Mp, Np) = (8, 1, 2, 1, 1; 1, 1)
Antenna Config. #2: apply to 2.6 GHz
· 16 Tx antenna ports, and (dH, dV) = (0.5λ, 0.8λ)
(M, N, P, Mg, Ng; Mp, Np) = (8, 8, 2, 1, 1; 1, 8)
 (+45°, -45°) polarization

	UE antenna configuration
	Antenna Config. #1: apply to 700 MHz
· 2 Rx antenna ports, and (dH, dV) = (0.5λ, 0.8λ)
(M, N, P, Mg, Ng; Mp, Np) = (1, 1, 2, 1, 1; 1, 1)
Antenna Config. #2: apply to 2.6 GHz
· 4 Rx antenna ports, and (dH, dV) = (0.5λ, 0.8λ)
(M, N, P, Mg, Ng; Mp, Np) = (1, 2, 2, 1, 1; 1, 2)

	Transmit power
	49 dBm at BS

	Antenna height
	25 m at BS and 1.5 m at UE

	Antenna gain 
	8 dBi at BS and 0 dBi at UE

	Noise figure
	9 dB at UE

	UE distribution
	100% outdoor with 3 km/h

	Number of UEs per cell
	2-10

	Scheduling Algorithm
	Latency-based SU-MIMO

	HARQ/repetition
	With or without HARQ retransmission

	Channel estimation
	Realistic

	BS receiver
	MMSE-IRC
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