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1. Introduction
The revised work item on NR Multicast and Broadcast Services (MBS) was approved in RAN#88 [1]. The objectives of work item are listed 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]
· Specify RAN basic functions for broadcast/multicast for UEs in RRC_IDLE/ RRC_INACTIVE states [RAN2, RAN1]:

· Specify required changes to enable the reception of Point to Multipoint transmissions by UEs in RRC_IDLE/ RRC_INACTIVE states, with the aim of keeping maximum commonality between RRC_CONNECTED state and RRC_IDLE/RRC_INACTIVE state for the configuration of PTM reception. [RAN2, RAN1].


In this contribution, the initial consideration of NR MBS is discussed. 
2. Discussion 
2.1. General design consideration 

In LTE eMBMS, there were a couple of transmission schemes to enable multicast/broadcast services, i.e., MBSFN from Rel-9 and SC-PTM from Rel-13 [2]. The MBSFN transmission was mainly designed for multi-cell transmission, whereby the synchronous transmission is performed within a MBSFN area, on MBSFN subframe (over PMCH). On the other hand, the SC-PTM transmission focused on single cell transmission, whereby the MBMS is transmitted over PDSCH. From Layer-2 point of view, the MBSFN-related logical channels are mapped to MCH, while the SC-PTM-related logical channels are mapped to DL-SCH, as referred in Figure 1. 
Observation 1 In LTE, MCCH and MTCH are mapped to MCH in MBSFN transmission scheme, while SC-MCCH and SC-MTCH are mapped to DL-SCH in SC-PTM transmission scheme. 
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Figure 1
 LTE downlink mapping between logical channels and transport channels [2]
The WID captures several restrictions and assumptions [1], which would be helpful to consider what kind of design is intended in this WI. For the physical layer, it’s not expected to introduce any new numerology nor physical channels, which means the NR MBS-related logical channel(s) would be mapped to DL-SCH. 
	Physical layer: limit the scope of this WI to current Rel-15 numerologies, physical channels (PDCCH/PDSCH) and signals.


Observation 2 The scope of this WI is limited within the existing numerologies and physical channels (PDCCH/PDSCH), which means the NR MBS-related channel(s) is expected to be mapped to DL-SCH. 
Even if MBSFN is not used, the multi-cell transmission will be able to be supported by DL-SCH in future releases, e.g., by combination of CoMP transmission with synchronized delivery of user plane packets. So, DL-SCH is in-line with the following restrictions and assumptions; 
	Any design decisions taken for this WI in Release 17 shall not prevent introducing the following features in future Releases:

· Standardised support of SFN over multiple cells above gNB-DU level;


Observation 3 DL-SCH (PDSCH) may be extended for multi-cell transmission in future release. 
In light of the observations above, the SC-PTM specification, which is mature in LTE and covers not only the transmission scheme but also other mechanisms for e.g., configuration and service continuity, may be a good baseline for the design consideration of NR MBS. So, in this WI, RAN2 should reuse the existing SC-PTM specifications as much as possible and consider what is enhanced on top of SC-PTM to support the new/various use cases in NR MBS. 

Proposal 1 RAN2 should agree to take the existing LTE SC-PTM specification as the baseline for NR MBS design, including the group scheduling mechanism, the service continuity support (e.g., neighbour cell information) and the UE’s Interest Indication. 
Proposal 2 If Proposal 1 is agreeable, RAN2 should consider what is enhanced on top of SC-PTM baseline, in order to support the new/various use cases expected for NR MBS. 
In the following sections, the SC-PTM specification is used as the baseline for description, i.e., assuming Proposal 1 is agreeable. However, the description is reusable even if MBSFN-like mechanism is introduced. 

2.2. Control plane enhancements overview 
In LTE SC-PTM, the configuration is provided by the two messages, i.e., SIB20 and SC-MCCH [3]. SIB20 provides the SC-MCCH scheduling information; and SC-MCCH provides the SC-MTCH scheduling information including G-RNTI and TMGI, and the neighbour cell information.  
The benefit of the two-step configuration in LTE was that SC-MCCH scheduling is independent from SIB20 scheduling, in terms of e.g., the repetition period, the duration and the modification period. Especially for the delay sensitive services and/or the UEs late-joining in the session, it facilitated the frequent scheduling/updating of SC-MCCH. It’s still the case in NR MBS since one of the applications is e.g., the group communication, according to the WID [1]. 
Observation 4 In LTE, the two-step configuration, i.e., with SIB20 and SC-MCCH, is beneficial for different scheduling of these control channels, which is still useful for NR-MBS. 
Proposal 3 RAN2 should agree with the use of the two-step configuration with different messages for NR MBS, like SIB20 and SC-MCCH in SC-PTM. 
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Figure 2
 Two-step configuration in LTE SC-PTM

On top of Proposal 3, NR MBS is expected to support various types of use cases, that are stated in the WID [1]. It is observed that NR MBS should be well-designed for a variety of requirements, from the delay sensitive applications such as mission critical or V2X to the delay tolerant applications such as IoT, in addition to the other dimension of requirements from the lossless applications such as software delivery to the UDP type streaming such as IPTV. 

So, the control channel design should consider the flexibility and its resource efficiency; otherwise, more signalling overhead may happen e.g., if the delay tolerant services and the delay sensitive services are configured together in one control channel, whereby the control channel needs to be frequently scheduled in order to fulfil the latency requirement from the delay sensitive services. 
	Objective A of the SA2 SI is about Enabling general MBS services over 5GS and the uses cases identified that could benefit from this feature include (but are not limited to) public safety and mission critical, V2X applications, transparent IPv4/IPv6 multicast delivery, IPTV, software delivery over wireless, group communications and IoT applications. 


Observation 5 NR MBS control channels need to be flexible and resource efficient for various types of use cases. 
One possibility would be to consider whether the configuration channel should be separated for different use cases. For example, one control channel provides the delay sensitive services frequently while another control channel provides the delay tolerant services sparsely. In LTE SC-PTM, there was the restriction that one cell has only one SC-MCCH. However, NR MBS should remove such a restriction, considering a larger number of use cases are assumed than LTE. If the multiple SC-MCCHs are allowed in a cell, each SC-MCCH has different scheduling configuration, such as the repetition period, which can be optimized for certain services. It’s FFS how the UE identifies which SC-MCCH serves the service(s) of interest. 
Proposal 4 RAN2 should discuss if multiple control channels are supported in a cell for NR MBS, like multiple SC-MCCHs that was not in LTE. 

In addition, the new paradigm in NR is support of On-demand SI transmission [4]

 REF _Ref45033256 \w \h 
[5]. The concept could be reused for SC-MCCH in NR MBS, i.e., On-demand SC-MCCH. For example, the SC-MCCH for delay tolerant services is provided on-demand, so that the resource consumption for signalling can be optimized.  Needless to say, the network still has another option to provide SC-MCCH periodically, i.e., not on-demand, for e.g., delay sensitive services. 
Proposal 5 RAN2 should discuss the option if the control channel is provided on-demand basis, e.g, like On-demand SC-MCCH that was not in LTE. 
As another possibility, it could be further considered to merge these messages, i.e., one-step configuration. For example, a SIB provides SC-MTCH scheduling information directly, i.e., without SC-MCCH. It would provide an optimization for delay tolerant services and/or power sensitive UEs. For example, the UE may request for the SIB (on-demand) and the gNB may start providing the SIB and corresponding service after the requests from multiple UEs. These UEs do not need to monitor SC-MCCH that is broadcasted repeatedly. 
Proposal 6 RAN2 should discuss the option if the multicast reception without SC-MCCH is supported (i.e., one-step configuration), e.g., SIB directly provides the traffic channel configuration. 
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Figure 3
 Possible enhancements for NR MBS (Names of channels are FFS)
2.3. User plane enhancements overview 
In LTE eMBMS, regardless of MBSFN or SC-PTM, the Uu protocol stack does not have PDCP layer, as referred in Figure 2. In addition, a single transmission for each logical channel is allowed, i.e., in RLC layer only UM mode is used and in HARQ no blind retransmission is used [2]. In other words, the retransmissions of lost packets relied on the higher layer mechanism in LTE eMBMS [6]. 
Observation 6 In LTE eMBMS, no retransmission scheme is supported in AS layer. 
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Figure 4
 The overall U-plane architecture of LTE eMBMS [2]
On the other hand, NR MBS seems to require more reliable and flexible transmission scheme that will be introduced as the AS functionality, as quoted from the WID below [1]; 
	· […]
· 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]

· […]

· 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]

· […]


Observation 7 In NR MBS, it seems some enhancements to improve the reliability and flexibility of multicast transmission/reception may be needed as the AS layer functionality. 
With regards to the retransmissions for groupcast, it could be considered to be handled in MAC (HARQ), RLC (ARQ) and/or PDCP (the status reporting). These mechanisms could be useful especially for UE mobility, i.e., the compensation of lost packets due to radio quality degradation and/or transport path switching, as same with Uu.   
The HARQ feedback for multicast/groupcast was not introduced in LTE.  On the other hand, in Rel-16 NR V2X, HARQ feedback for sidelink groupcast was supported, i.e., ACK/NACK or NACK-only [5], which may be one of potentials to be reused and enhance the performance of NR MBS. Although it’s eventually up to RAN1 to decide the details, RAN2 may discuss the usefulness of HARQ feedback/retransmission to improve the reliability of multicast reception for UEs in IDLE, INACTIVE and Connected. 
Proposal 7 RAN2 should discuss if HARQ feedback/retransmission is useful on multicast in NR MBS, for UEs in RRC IDLE, INACTIVE and Connected. 
For unicast, the double feedback loops are supported by HARQ and ARQ for more reliable reception [4]. If it’s still the case for groupcast in NR MBS, it should be discussed how ARQ can be introduced, i.e., RLC AM mode [7], as one of possibilities, to improve the reliability at least for UEs in Connected. However, it could be typically assumed that the paired uplink channel is not available for groupcast. So, one of potential issues would be how the UE sends the feedback, i.e., STATUS PDU, to the gNB. 
Proposal 8 RAN2 should discuss if RLC AM mode is supported for multicast in NR MBS, at least for UEs in RRC Connected. 

In addition, if NR MBS needs to consider the lossless delivery during handover for e.g., the software delivery use case [1], the PDCP will be useful to recovery the dropped packets as it is today [8]. The support of PDCP layer has another benefit to enable the multicast bearer to be configured with the split bearer and/or the duplication with unicast bearer. It may be also one of potential mechanisms for the “dynamic change of Broadcast/Multicast service delivery between multicast (PTM) and unicast (PTP) with service continuity for a given UE” as stated in the WID [1].  It’s FFS whether the various PDCP functions, such as header compression, ciphering and so on, can be supported for multicast reception. 
Proposal 9 RAN2 should discuss if PDCP layer is supported for groupcast in NR MBS, at least for UEs in RRC Connected. 
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Figure 5
 Possible enhancement for reliable reception and multicast/unicast switching

Finally, it should be considered whether SDAP is needed in the NR MBS protocol stack, whereby the NR supports the SDAP layer to handle QoS flows within radio bearers [9]. On the other hand, the SDAP layer was not in conventional LTE, accordingly not in eMBMS.  Although the SDAP layer could be assumed to be no harmful to receive the multicast data, the necessity of SDAP layer may actually depend on the assumption/requirement of higher layer. So, RAN2 may need to wait for the progress of other WG(s) on whether it’s needed. 
Observation 8 RAN2 may need to be confirmed by other WG(s) whether SDAP layer is needed in NR MBS. 
3. Conclusion 
In this contribution, the initial consideration of NR MBS are discussed and the possible direction of enhancements on top of LTE eMBMS mechanism are provided.  RAN2 is kindly asked to take into account the observations and proposals below: 
Observation 1
In LTE, MCCH and MTCH are mapped to MCH in MBSFN transmission scheme, while SC-MCCH and SC-MTCH are mapped to DL-SCH in SC-PTM transmission scheme.
Observation 2
The scope of this WI is limited within the existing numerologies and physical channels (PDCCH/PDSCH), which means the NR MBS-related channel(s) is expected to be mapped to DL-SCH.
Observation 3
DL-SCH (PDSCH) may be extended for multi-cell transmission in future release.
Proposal 1
RAN2 should agree to take the existing LTE SC-PTM specification as the baseline for NR MBS design, including the group scheduling mechanism, the service continuity support (e.g., neighbour cell information) and the UE’s Interest Indication.
Proposal 2
If Proposal 1 is agreeable, RAN2 should consider what is enhanced on top of SC-PTM baseline, in order to support the new/various use cases expected for NR MBS.
Observation 4
In LTE, the two-step configuration, i.e., with SIB20 and SC-MCCH, is beneficial for different scheduling of these control channels, which is still useful for NR-MBS.
Proposal 3
RAN2 should agree with the use of the two-step configuration with different messages for NR MBS, like SIB20 and SC-MCCH in SC-PTM.
Observation 5
NR MBS control channels need to be flexible and resource efficient for various types of use cases.
Proposal 4
RAN2 should discuss if multiple control channels are supported in a cell for NR MBS, like multiple SC-MCCHs that was not in LTE.
Proposal 5
RAN2 should discuss the option if the control channel is provided on-demand basis, e.g, like On-demand SC-MCCH that was not in LTE.
Proposal 6
RAN2 should discuss the option if the multicast reception without SC-MCCH is supported (i.e., one-step configuration), e.g., SIB directly provides the traffic channel configuration.
Observation 6
In LTE eMBMS, no retransmission scheme is supported in AS layer.
Observation 7
In NR MBS, it seems some enhancements to improve the reliability and flexibility of multicast transmission/reception may be needed as the AS layer functionality.
Proposal 7
RAN2 should discuss if HARQ feedback/retransmission is useful on multicast in NR MBS, for UEs in RRC IDLE, INACTIVE and Connected.
Proposal 8
RAN2 should discuss if RLC AM mode is supported for multicast in NR MBS, at least for UEs in RRC Connected.
Proposal 9
RAN2 should discuss if PDCP layer is supported for groupcast in NR MBS, at least for UEs in RRC Connected.
Observation 8
RAN2 may need to be confirmed by other WG(s) whether SDAP layer is needed in NR MBS.
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SYNC: Protocol to synchronise data used to generate a certain radio frame
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