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1. Introduction

In RAN#86 meeting, a new WI for MBS is approved for R17 NR. Two objectives are specified in WI [1].

The set of objectives includes:
· Specify RAN basic functions for broadcast/multicast for UEs in RRC_CONNECTED state [RAN1, RAN2, RAN3]:

· Specify RAN basic functions for broadcast/multicast for UEs in RRC_IDLE/ RRC_INACTIVE states [RAN2, RAN1]:

In RAN2#112 meeting, RAN2 agreed that delivery mode 2 is used for broadcast session for “low” Qos requirement. 
· For Rel-17, R2 specifies two modes: 


1: One delivery mode for high QoS (reliability, latency) requirement, to be available in CONNECTED (possibly the UE can switch to other states when there is no data reception TBD)


2: One delivery mode for “low” QoS requirement, where the UE can also receive data in INACTIVE/IDLE (details TBD).

R2 assumes (for R17) that delivery mode 1 is used only for multicast sessions. 


R2 assumes that delivery mode 2 is used for broadcast sessions. 


The applicability of delivery mode 2 to multicast sessions is FFS.

In this paper, we would like to discuss MBS interesting indication reporting in NR and service continuity for RRC_CONNECTED UE.
2. Discussion

2.1 MBS interesting indication reporting for delivery mode 2
In RAN2#113 meeting, RAN2 agreed to support MBS Interest Indication for RRC_CONNECTED mode UE.

· Assume that MBS Interest Indication is supported for UEs in connected mode for Broadcast service (assume that as usual there is no mandatory network requirement, network action is up to network).

· MBS Interest Indication is NOT supported for UEs in idle/inactive mode for NR MBS delivery mode 2.
In LTE, MBMSInterestIndication is reported to the network for RRC_CONNECTED UE that the UE is receiving or is interested to receive MBMS service(s) via an MRB or SC-MRB. The network can choose the target cell which supports the MBS UE concerns during handover and improve the MBMS service continuity.

Observation 1: MBMSInterestIndication message is reported to network for MBMS service continuity during handover in LTE.
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Figure 1: MBMS interest indication in LTE
In LTE, MBMSInterestIndication message can be sent (unprotected) prior to security activation.
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Figure 2: MBMSInterestIndication security requirement in LTE

Observation 2: MBMSInterestIndication message can be sent (unprotected) prior to security activation in LTE.
However, based on obervation 2, it is not clear whether the security requirement for MBS interesting indication in NR is more strict than LTE or not. RAN2 is kindly asked to confirm the security requeirment for MBS interesting indication with SA3.
Proposal 1: Send LS to SA3 to confirm whether MBMSInterestIndication kind of message can be sent (unprotected) prior to security activation in NR.
In NR, the BWP concept was introduced. The UE can be configured with up to 4 BWPs per serving cell and there is only one active BWP (including both DL BWP and UL BWP) per serving cell at any given time.
In RAN1#103 meeting, RAN1 agreed that the same group-common PDCCH and the corresponding scheduled group-common PDSCH can be received by both RRC_IDLE/RRC_INACTIVE UEs and RRC_CONNECTED UEs.
	Agreements: For RRC_IDLE/RRC_INACTIVE UEs, define/configure common frequency resource(s) for group-common PDCCH/PDSCH.

· the UE may assume the initial BWP as the default common frequency resource for group-common PDCCH/PDSCH, if a specific common frequency resource is not configured.

· FFS: the relation of the common frequency resource(s) (if configured) and initial BWP.

· FFS: whether to configure one/more common frequency resources

· FFS: configuration and definition details of the common frequency resource
Agreements: From physical layer perspective, for broadcast reception, the same group-common PDCCH and the corresponding scheduled group-common PDSCH can be received by both RRC_IDLE/RRC_INACTIVE UEs and RRC_CONNECTED UEs.

· FFS details.


In order to avoid frequent BWP switching for broadcast reception and unicast reception on dedicated BWP, it is better for gNB to know the UE is receiving broadcast MBS and configure the dedicated BWP to overlap the broadcast MBS BWP.
Observation 3: The broadcast MBS reception will impact the dedicated BWP configuration and PDSCH scheduling.
Proposal 2: The MBS interesting indication is reported before the dedicated BWP configuration to aid the network to configure dedicated BWPs.
For RRC_IDLE UE, if there is no security concern, it is possible to report MBS interesting indication in RRCSetupComplete message. If there is security concern, it is possible to report MBS interesting indication in SecurityModeComplete or UEAssistanceInformation message. In NR, UEAssistanceInformation message
that cannot be sent (unprotected) prior to AS security activation. There is no need to introduce MBMSInterestIndication kind of message as LTE did in NR.
Proposal 3: For RRC_IDLE mode UE, 
· If there is no security concern, the RRCSetupComplete message can be used to report MBS interesting indication.
· If there is security concern, SecurityModeComplete or UEAssistanceInformation can be used to report MBS interesting indication.

For RRC_INACTIVE mode UE, it is possible to configure the dedicated BWPs in MSG4(RRCResume). It is better to inform the network whether there is ongoing MBS for the UE before MSG4. There are 2 options:
Option 1: preconfigured preamble and/or RO can be used to indicate the interesting MBS implicitly.

Option 2: MSG3 can be used to indicate the MBS reception, e.g. 1 bit to aid the network to configure the dedicated BWPs in MSG4 and MSG5 can be used to report the detailed interesting MBS identities.

For RRC_INACTIVE mode UE, there is no need to introduce MBMSInterestIndication kind of message as LTE did in NR.

Proposal 4: For RRC_INACTIVE mode UE,
· If there is no security concern, preconfigured preamble and/or RO can be used to indicate the interesting MBS implicitly.
· If there is security concern, MSG3 can be used to indicate the MBS reception, e.g. 1 bit to aid the network to configure the dedicated BWPs in MSG4 and MSG5 can be used to report the detailed interesting MBS identities.
2.2 MBS service continuity for delivery mode 2 
In RAN2#113 meeting, RAN2 agreed to use LTE SC-PTM baseline to design deliver mode 2 for NR.
· Both idle/inactive UEs and connected mode UEs can receive MBS services transmitted by NR MBS delivery mode 2 (Broadcast service as already agreed, TBD other). The ability for connected mode UEs to receive this may depend on the network provisioning of the service (e.g. which freq), UE connected mode configuration and UE capabilities. 

· The two-step based approach (i.e. BCCH and MCCH) as adopted by LTE SC-PTM is reused for the transmission of PTM configuration for NR MBS delivery mode 2.
· Assume it is possible to reuse LTE SC-PTM mechanism for the CONNECTED UEs to receive the PTM configuration for NR MBS delivery mode 2, i.e. broadcast based manner. 

In R13 LTE SC-PTM, both RRC_IDLE and RRC_CONNECTED mode UE can receive the SC-PTM service. New SIB20 is defined to configure the SC-MCCH configuration and SC-MCCH signalling will configure the MTCH as summarized below:
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Figure 3: SC-PTM configuration in LTE

During UE mobility, the UE will obtain MBS SIB and MCCH signalling firstly then UE can receive broadcast MBS service. So, the MBS service will be interrupted during every cell reselection.
In NR, the SIB can be cell specific or area specific and the SIB can be transmitted based on UE demand. The MBS SIB is one SIB in NR system, it can be area specific if network want to configure. If the SIB is area specific, the UE can omit the SIB reception to receive the MBS data and reduce the service interruption during cell reselection. 
The MBS signalling carried in the MCCH is per cell configuration for MTCH in LTE. The UE will get the signalling after cell reselection firstly then UE can receive the MBS service. In order to reduce the MBS service interruption due to cell reselection, the MBS signalling can also be area specific as NR SIB. The area can be discussed further, e.g. system area or other area defined for MBS.
Proposal 5a: The MCCH signalling can be configured as area specific and the area is FFS.
In phase 1 summary of MBS email discussion#069, two proposals are listed in the conclusion that RAN2 discuss whether the MCCH can be area specific and FFS for on-demand based MCCH sigannling.
	Proposal-7: RAN2 further discuss if MCCH should be cell specific or area specific for PTM configuration of NR MBS delivery mode 2.

Proposal-8: Reuse LTE SC-PTM mechanism (i.e. Broadcast mode based MCCH transmission) as the baseline for NR MBS delivery mode 2 and FFS for on-demand based MCCH transmission.


For our understanding, the area specific MCCH can reduce service interruption during cell reselection compared cell specific MCCH. However, I do not understand what the benefit of on-demand is based MCCH. For our understanding, on-demand based MCCH will increase the service interruption during cell reselection. 
Proposal 5b: The MCCH signalling cannot be on-demand based transmission.

Currently, the UE is not required to obtain the system information of target cell immediately after handover, the essential system information is already included in handover command. So the broadcast MBS reception will be interrupted due to handover worse than RRC_IDLE/RRC_INACTIVE mode UE.
For RRC_CONNECTED mode UE with MBS broadcast reception, the UE will report the MBS interesting indication to the network. The source cell can forward the MBS interesting indication to the target cell. If the target cell support the MBS, the target cell can include the MBS configuration configured in BCCH and MCCH in HO command, i,e, RRCReconfiguration. If so, the UE can receive the MBS data after HO immediately without MBS BCCH and MCCH reception and it can reduce the MBS service interruption for the RRC_CONNETED UE during handover.
Proposal 6: MBS BCCH and MCCH signaling of target cell can be included in handover command for MBS service interruption reduction during handover.
2.3 Reliability improvement for broadcast or MBS in RRC_IDLE
In LTE, the MBMS reception can be received from neighbour cells, we can see the Table 8.2-1and Table 8.2-2 from TS 36.302. 
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When the UE move the cell edge and will perform cell reselection, the SINR of the MBS channel will be low and the MBS reception will be impacted. In order to reduce the data loss of MBS reception, the UE can receive MBS data from both source cell and target cell as handover case.

Proposal 7: UE receives the MBS service from both source cell and target cell during cell resselection.

For RRC_IDLE or RRC_INACTIVE mode UE, the UE will read the MBS SIB, then MCCH signalling firstly after cell reselection, then UE can receive the MBS service. The MBS service reception will be interrupted during cell reselection. If the UE can receive the MBS service from source cell and target cell simultaneously, the service interruption can be reduced. In order to delete the duplicated service data due to the simultaneous reception from both source cell and target cell, the common SN of PDCP helps. However, the R13 SC-PTM do not support PDCP layer and the RLC mode is UM. In NR, the UM RLC PDU will not associate the SN unless the RLC SUD is segmented. So here we propose the PDCP is used for NR MBS transmission for RRC_IDLE/RRC_INACTIVE/RRC_CONNECTED mode UE and the following network is proposed to get a common PDCP SN numbering for cell and its neighbour cells.

In RAN2#112 meeting, RAN2 agreed that MBS will support SDAP, PDCP, RLC. However, it is not clear the agreement is also valid for broadcast kind of MBS.

Proposal 8: RAN2 is kindly asked to confirm the SDAP and PDCP are also used for delivery mode 2 MBS.

If PDCP is supported for deliver mode 2 MBS and in order to improve reliability of deliver mode 2 during cell reselection, common PDCP should be defined. There are 3 option to achieve common PDCP for deliver mode 2.

Option 1: DC based MBS delivery; the UE can reach the reliability benefit across gNB.

Option 2: CA based MBS delivery, the UE can reach the reliability benefit in only one gNB.

Option 3: CU/DU based MBS delivery, the UE can reach the reliability benefit in only one gNB.
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Option 1: DC based MBS delivery

Option 2: CA based MBS delivery
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Proposal 9: RAN2 is kindly asked to discuss the network architecture for MBS delivery for RRC_IDLE/INACTIVE mode UE in order to improve the MBS service continuity and reduce service interruption during cell reselection， e.g. receives the broadcast MBS from both source cell and target cell simultaneously during cell reselection. 
3. Conclusions

Based on the discussion above, we propose:
Observation 1: MBMSInterestIndication message is reported to network for MBMS service continuity during handover in LTE.
Observation 2: MBMSInterestIndication message can be sent (unprotected) prior to security activation in LTE.
Proposal 1: Send LS to SA3 to confirm whether MBMSInterestIndication kind of message can be sent (unprotected) prior to security activation in NR.
Observation 3: The broadcast MBS reception will impact the dedicated BBWP configuration and PDSCH scheduling.
Proposal 2: The MBS interesting indication is reported before the dedicated BWP configuration to aid the network to configure dedicated BWPs.

Proposal 3: For RRC_IDLE mode UE, 

· If there is no security concern, the RRCSetupComplete message can be used to report MBS interesting indication.

· If there is security concern, SecurityModeComplete or UEAssistanceInformation can be used to report MBS interesting indication.

Proposal 4: For RRC_INACTIVE mode UE,
· If there is no security concern, preconfigured preamble and/or RO can be used to indicate the interesting MBS implicitly.

· If there is security concern, MSG3 can be used to indicate the MBS reception, e.g. 1 bit to aid the network to configure the dedicated BWPs in MSG4 and MSG5 can be used to report the detailed interesting MBS identities.

Proposal 5a: The MCCH signalling can be configured as area specific and the area is FFS.
Proposal 5b: The MCCH signalling cannot on-demand based transmission.
Proposal 6: MBS BCCH and MCCH signaling of target cell can be included in handover command for MBS service interruption reduction during handover.
Proposal 7: UE receives the MBS service from both source cell and target cell during cell resselection.

Proposal 8: RAN2 is kindly asked to confirm the SDAP and PDCP are also used for delivery mode 2 MBS.

Proposal 9: RAN2 is kindly asked to discuss the network architecture for MBS delivery for RRC_IDLE/INACTIVE mode UE in order to improve the MBS service continuity and reduce service interruption during cell reselection， e.g. receives the broadcast MBS from both source cell and target cell simultaneously during cell reselection. 
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