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Introduction
In the MBS WID [1], the reliability of MBS service is required for connected UEs. This contribution will discuss the reliability requirements of MBS service and possible way forwards.
	· 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]
· [bookmark: OLE_LINK7][bookmark: OLE_LINK8]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]


Discussion
0. The reliability requirements of MBS service
[bookmark: OLE_LINK6][bookmark: OLE_LINK9]In SA2 TR23.757 [2], it is stated that “Support general multicast and broadcast communication services, e.g., transparent IPv4/IPv6 multicast delivery, IPTV, software delivery over wireless, group communications and IoT applications, V2X applications, public safety.” QoS level support is a key issue (key issue#4) in MBS support and the QoS framework of TS 23.501 [3] is taken as baseline.
For better understanding, the 5QI table in TS 23.501 is extracted as below. Comparing with the MBS services mentioned in TR23.757, the yellow highlighted QoS characteristics could be considered for broadcast/multicast transmission. The reliability requirements of MBS services are ranging from 10-2 to 10-6 with certain PDBs (10ms to 300ms). For the supported services, RAN2 should provide the same QoS guarantee for broadcast/multicast transmission as unicast transmission. 
[bookmark: OLE_LINK11][bookmark: OLE_LINK10]Table 5.7.4-1: Standardized 5QI to QoS characteristics mapping
	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

	1

	
GBR
	20
	100 ms
(NOTE 11,
NOTE 13)
	10-2
	N/A
	2000 ms
	Conversational Voice

	2

	(NOTE 1)
	40
	150 ms
(NOTE 11,
NOTE 13)
	10-3
	N/A
	2000 ms
	Conversational Video (Live Streaming)

	3
	
	30
	50 ms
(NOTE 11,
NOTE 13)
	10-3
	N/A
	2000 ms
	Real Time Gaming, V2X messages (see TS 23.287 [121]).
Electricity distribution – medium voltage, Process automation monitoring

	4

	
	50
	300 ms
(NOTE 11,
NOTE 13)
	10-6
	N/A
	2000 ms
	Non-Conversational Video (Buffered Streaming)

	65
(NOTE 9,
NOTE 12)
	
	7
	75 ms
(NOTE 7, NOTE 8)
	
10-2
	N/A
	2000 ms
	Mission Critical user plane Push To Talk voice (e.g., MCPTT)

	66
(NOTE 12)

	
	
20
	100 ms
(NOTE 10,
NOTE 13)
	
10-2
	N/A
	2000 ms
	Non-Mission-Critical user plane Push To Talk voice

	67
(NOTE 12)

	
	15
	100 ms
(NOTE 10,
NOTE 13)
	10-3
	N/A
	2000 ms
	Mission Critical Video user plane

	75
(NOTE 14)
	
	
	
	
	
	
	

	71
	
	56
	150 ms (NOTE 11, NOTE 13, NOTE 15)
	10-6
	N/A
	2000 ms
	"Live" Uplink Streaming (e.g. TS 26.238 [76])

	72
	
	56
	300 ms (NOTE 11, NOTE 13, NOTE 15)
	10-4
	N/A
	2000 ms
	"Live" Uplink Streaming (e.g. TS 26.238 [76])

	73
	
	56
	300 ms (NOTE 11, NOTE 13, NOTE 15)
	10-8
	N/A
	2000 ms
	"Live" Uplink Streaming (e.g. TS 26.238 [76])

	74
	
	56
	500 ms (NOTE 11, NOTE 15)
	10-8
	N/A
	2000 ms
	"Live" Uplink Streaming (e.g. TS 26.238 [76])

	76
	
	56
	500 ms (NOTE 11, NOTE 13, NOTE 15)
	10-4
	N/A
	2000 ms
	"Live" Uplink Streaming (e.g. TS 26.238 [76])

	5
	Non-GBR
	10
	100 ms
NOTE 10,
NOTE 13)
	10-6
	N/A
	N/A
	IMS Signalling

	6
	(NOTE 1)
	
60
	
300 ms
(NOTE 10,
NOTE 13)
	
10-6
	N/A
	N/A
	Video (Buffered Streaming)
TCP-based (e.g., www, e-mail, chat, ftp, p2p file sharing, progressive video, etc.)

	7
	
	
70
	
100 ms
(NOTE 10,
NOTE 13)
	
10-3
	N/A
	N/A
	Voice,
Video (Live Streaming)
Interactive Gaming

	8
	
	
80
	


300 ms
(NOTE 13)
	


10-6
	


N/A
	


N/A
	
Video (Buffered Streaming)
TCP-based (e.g., www, e-mail, chat, ftp, p2p file sharing, progressive

	9
	
	90
	
	
	
	
	video, etc.)

	69
(NOTE 9, NOTE 12)
	
	5
	60 ms
(NOTE 7, NOTE 8)
	10-6
	N/A
	N/A
	Mission Critical delay sensitive signalling (e.g., MC-PTT signalling)

	70
(NOTE 12)

	
	55
	200 ms
(NOTE 7,
NOTE 10)
	10-6
	N/A
	N/A
	Mission Critical Data (e.g. example services are the same as 5QI 6/8/9)

	79
	
	65
	50 ms
(NOTE 10,
NOTE 13)
	10-2
	N/A
	N/A
	V2X messages (see TS 23.287 [121])

	80
	
	68
	10 ms
(NOTE 5,
NOTE 10)
	10-6
	N/A
	N/A
	Low Latency eMBB applications Augmented Reality

	82
	Delay Critical GBR
	19
	10 ms
(NOTE 4)
	10-4
	255 bytes
	2000 ms
	Discrete Automation (see TS 22.261 [2])

	83
	
	22
	10 ms
(NOTE 4)
	10-4
	1354 bytes
(NOTE 3)
	2000 ms
	Discrete Automation (see TS 22.261 [2]);
V2X messages (UE - RSU Platooning, Advanced Driving: Cooperative Lane Change with low LoA. See TS 22.186 [111], TS 23.287 [121])

	84
	
	24
	30 ms
(NOTE 6)
	10-5
	1354 bytes
(NOTE 3)
	2000 ms
	Intelligent transport systems (see TS 22.261 [2])

	85
	
	21
	5 ms
(NOTE 5)
	10-5
	255 bytes
	2000 ms
	Electricity Distribution- high voltage (see TS 22.261 [2]).
V2X messages (Remote Driving. See TS 22.186 [111], NOTE 16, see TS 23.287 [121])

	86
	
	18
	5 ms
(NOTE 5)
	10-4
	1354 bytes
	2000 ms
	V2X messages (Advanced Driving: Collision Avoidance, Platooning with high LoA. See TS 22.186 [111], TS 23.287 [121])



Observation 1: The reliability requirements of MBS services from SA2 are diverse in a large scope and RAN2 should provide the same QoS guarantee for broadcast/multicast transmission as unicast transmission for the supported services. 
0. The reliability of broadcast/multicast transmission in RAN2
The reliability of MBS transmission can be considered from two aspects: 1) re-use reliability mechanism for unicast transmission if possible; 2) utilize the specific characteristics in MBS transmission. 
The reliability of unicast is guaranteed by a set of retransmission mechanisms, including HARQ retransmission, ARQ retransmission and retransmission based on PDCP status report. They could be applied in MBS transmission when possible.
The distinct characteristic of MBS transmission in Rel-17 is that an MBS packet can be delivered to UEs by PTP and/or PTM. It is really useful for reliability enhancement.
The reliability enhancement of MBS services can be discussed in two dimensions: per-flow and per-packet.
Per-flow reliability enhancement:
The per-flow reliability enhancement can be achieved via below options.
· Switching between multicast and unicast
Switching between multicast and unicast is a basic usecase for MBS services transmission in the WID. Reliability assurance can be a trigger for multicast/unicast switching.
To achieve expected reliability, gNB can monitor Uu interface to decide the transmission mechanism. Some parameters could be considered for gNB monitoring:
· Channel condition of the UE. It can be acquired by current RAN1 measurement, such as CSI report.
· Successful transmission probability of the packets in the flow (if support). According to the parameter, gNB can decide to switch from multicast to unicast, or vice versa.
Proposal 1: Switching between multicast and unicast according to the Uu interface monitoring by gNB can be a candidate for per-flow reliability enhancement.

· Transmission enhancement of multicast
To improve the reliability of multicast for all packets in the flow, some coarse mechanism can be adopted. Referring to the repetition of PDSCH transmission, repetition for data transmitted by multicast can be considered. The number of repetitions for data can be same or different for different flows and should be configured by gNB.
Proposal 2: Repetition for data transmitted by multicast can be considered for per-flow reliability enhancement.

Per-packet reliability enhancement:
Per-flow reliability enhancement such as switching between multicast and unicast is essential but per-packet reliability enhancement is more resource efficient.
Basically, per-packet reliability can be improved by packet retransmission. It can be studied in two scenarios.
1) Scenario 1: deliver a MBS flow by multicast only
In this scenario, HARQ feedback from one or several UEs could be transmitted to gNB and gNB could retransmit the TBs in multicast transmission according to the HARQ feedback. 
The HARQ retransmission for multicast can include:
· HARQ feedback is configured by gNB;
· ACK-based or NACK-based feedback, decided in RAN1;
· Schedule and retransmit the TBs in multicast way.
Proposal 3: In the scenario of multicast only, HARQ retransmission can be considered and the feedback/retransmission mechanism should be decided in RAN1 mostly.

2) Scenario 2: combination of unicast/multicast to deliver a MBS flow
Currently, the structure/protocol of combined unicast/multicast for a MBS flow has not been decided yet. However, at least we can assume there is one multicast LCH and one unicast LCH associated to the same flow.
Consequently, we can improve the per-packet reliability in scenario 2 from below aspects:
· Feedback:
· HARQ feedback from UL channel for DL multicast transmission (as scenario 1);
· RLC status report for multicast transmission from the unicast  UL LCH;
· PDCP status report for multicast transmission from the unicast UL LCH.

· Retransmission:
· Retransmit the unsuccessful packets via DL multicast transmission;
· Retransmit the unsuccessful packets via DL unicast transmission.

Proposal 4: Consider reliability enhancement of MBS services if a MBS flow can be delivered to UE via both multicast and unicast from below aspects:
· Feedback:
· HARQ feedback from UL channel for DL multicast transmission (as scenario 1);
· RLC status report for multicast transmission from the unicast  UL LCH;
· PDCP status report for multicast transmission from the unicast UL LCH.
· Retransmission:
· Retransmit the unsuccessful packets via DL multicast transmission;
· Retransmit the unsuccessful packets via DL unicast transmission.
Conclusion
[bookmark: OLE_LINK58][bookmark: OLE_LINK59][bookmark: OLE_LINK60][bookmark: OLE_LINK47][bookmark: OLE_LINK48]According to the discussion in section 2, we propose:
Observation 1: The reliability requirements of MBS services from SA2 are diverse in a large scope and RAN2 should provide the same QoS guarantee for broadcast/multicast transmission as unicast transmission for the supported services. 
Proposal 1: Switching between multicast and unicast according to the Uu interface monitoring by gNB can be a candidate for per-flow reliability enhancement.
Proposal 2: Repetition for data transmitted by multicast can be considered for per-flow reliability enhancement.
Proposal 3: In the scenario of multicast only, HARQ retransmission can be considered and the feedback/retransmission mechanism should be decided in RAN1 mostly.
Proposal 4: Consider reliability enhancement of MBS services if a MBS flow can be delivered to UE via both multicast and unicast from below aspects:
· Feedback:
· HARQ feedback from UL channel for DL multicast transmission (as scenario 1);
· RLC status report for multicast transmission from the unicast  UL LCH;
· PDCP status report for multicast transmission from the unicast UL LCH.
· Retransmission:
· Retransmit the unsuccessful packets via DL multicast transmission;
· Retransmit the unsuccessful packets via DL unicast transmission.
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