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1. Introduction

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 service continuity for delivery mode 2.
2. Discussion

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. RAN2 agreed that 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.
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Figure 3: SC-PTM configuration in LTE (similar for delivery mode 2)
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 1a: The MCCH signalling can be configured as area specific and the area is FFS.
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 1b: 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 2: MBS BCCH and MCCH signaling of target cell can be included in handover command for MBS service interruption reduction during handover.
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 3: 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 4: 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

Option 3: CU/DU based MBS delivery


Proposal 5: 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:
Proposal 1a: The MCCH signalling can be configured as area specific and the area is FFS.
Proposal 1b: The MCCH signalling cannot be on-demand based transmission.

Proposal 2: MBS BCCH and MCCH signaling of target cell can be included in handover command for MBS service interruption reduction during handover.
Proposal 3: UE receives the MBS service from both source cell and target cell during cell resselection.

Proposal 4: RAN2 is kindly asked to confirm the SDAP and PDCP are also used for delivery mode 2 MBS.

Proposal 5: 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. 
4. Reference
5. RAN2 agreements for delivery mode 2
RAN2#114
· Use PCCH for Multicast activation notification (also for MBS supporting nodes). 

· Confirm that we convey the MBS session ID in the notification. 
· Use of paging in all (legacy) PO with PRNTI is the baseline assumption (can still discuss other variants)

· RLC-AM is not supported for PTM (for MBS R17 WI). 

· One-to-one mapping between G-RNTI and MBS session is supported in NR MBS. Other mappings FFS 
· One-to-one mapping between G-CS-RNTI and MBS session is supported in NR MBS. Other mappings FFS.

· A UE can support multiple G-RNTIs/G-CS-RNTIs, It is FFS whether this depends on UE capability. Inform RAN1 of this agreement.
· Multiple MBS QoS flows corresponding to the same MBS session can be mapped to one or more than one MBS radio bearers.
· MCCH is mapped to the DL-SCH for NR MBS delivery mode 2. 

· MTCH is specified for PTM transmission of NR MBS.

· MTCH is mapped to the DL-SCH. 

· DTCH is reused for PTP transmission of NR MBS.
· FFS if there is a need to have specific LCID spaces for the used channels. 
· Multiplexing/de-multiplexing of different logical channels associated with the same G-RNTI is supported for NR MBS. 

· FFS if Multiplexing/de-multiplexing of different logical channels associated with the same G-CS-RNTI is supported for NR MBS. 
· Multiplexing/de-multiplexing of different logical channels associated with the C-RNTI is supported for NR MBS.

· For NR MBS delivery mode 2, LTE SC-PTM DRX scheme is used as baseline.
· FFS whether For PTM transmission of NR MBS, DRX scheme is independent of DRX for unicast transmission, e.g. supported on a per G-RNTI basis
· FFS whether For PTP transmission, DRX operation for unicast transmission is reused.   
· MBS specific SIB is defined to carry MCCH configuration.

· MCCH contents should include information about broadcast sessions such as G-RNTI, MBS session ID as well as scheduling information for MTCH (e.g. search space, DRX). L1 parameters that need to be included in MCCH are pending further RAN1 progress and input.

· Postpone the discussion on whether dedicated MCCH configuration is required until RAN1 makes progress on BWP/CFR for MCCH.
· Indication of an MCCH change due to modification of an ongoing session’s configuration (including session stop) is provided with an explicit notification from the network  (provided that RAN1 confirms a separate bit for this purpose can be accommodated in the MCCH change notification DCI, in addition to a bit for session start notification). FFS on whether this notification can be reused for modification of other information carried by MCCH, if any.
· FFS whether the possibility of UE missing an MCCH change notification needs to be addressed or can be left to UE implementation.
· At least in case RAN1 decides to utilize RNTI other than MCCH-RNTI for MCCH change notification, MCCH change notification is sent in the first MCCH monitoring occasion of each MCCH repetition period.
· We support single MCCH (in this release)

RAN2#113bis
· Chair: RAN2 will prioritize Active Multicast support in RRC Connected mode in Rel-17. If time permits Multicast support for RRC Inactive can be considered later (once connected mode Multicast solution, and Broadcast solution has become more mature).

· Support group notification for multicast for MBS supporting nodes

· For delivery mode 1 UE is not expected to monitor Group notification channel in RRC_CONNECTED 

· It is FFS whether RAN2 needs to handle PRACH capacity issues due to group notifications 

· Use same group notification identity for both RRC_IDLE and RRC_INACTIVE states

For the reply LS

· For non-supporting nodes, using MBS session ID will not work as it would impact non-MBS nodes. Unicast paging would work.

· For supporting nodes, using MBS session ID is feasible. 

· For a given UE, if the MRB’s QoS requirements are not met via PTM, switching to PTP with RLC-AM shall be supported.

· Chair: NOTE that the below agreements are only based on architecture decisions so far. The reliability discussion not concluded yet i.e. other cases than RLC UM + RLC UM. PTM PTP switch for such other cases is FFS

· Dynamic PTM/PTP switch is supported for a split MRB bearer (type) with a common (single) PDCP entity.

· As a baseline, no new UE based signalling is introduced to support gNB switch decision (e.g. PDCP SR for high reliability is still TBD)
· Assuming a split-MRB (as agreed during the online session) configured with a PTM leg and PTP leg, the usage of the PTP leg cannot be deactivated (i.e. the UE needs to always monitor C-RNTI) after the necessary split-MRB configuration.

· Assuming a split-MRB (as agreed during the online session) configured with a PTM leg and PTP leg, it is FFS whether the usage of the PTM leg of the split-MRB may be subject to activation or deactivation and the details of such.

· The MCCH transmission window is defined by MCCH repetition period, MCCH window duration and radio frame/slot offset. 

· New RNTI is defined for scheduling MCCH.

· The concept of MCCH transmission window, similar to the one used for LTE SC-PTM, is used for NR MCCH scheduling. The exact parameters to define the window are FFS (discussed in the following proposals).

· Common search space is needed for MCCH scheduling. RAN2 should request RAN1 to discuss the details of CSS for MCCH.

· R2 assumes PDCCH occasions for MCCH search space are associated with SSBs in a pre-defined manner so that the UE can receive MCCH scheduling on PDCCH occasions according to its detected SSB. 

· R2 assumes, In case searchSpace#0 is configured for MCCH (if allowed, pending RAN1 decision), the mapping between PDCCH occasions and SSBs is the same as for SIB1. 

· R2 assumes that If common search space other than searchSpace#0 is configured for MCCH (if allowed, pending RAN1 decision), the PDCCH monitoring occasions for MCCH message which are not overlapping with UL symbols are sequentially numbered from one in the MCCH transmission window and mapped to SSBs using the similar rule as defined for OSI in TS 38.331. 

· Request RAN1 to discuss the details of the configuration of the bandwidth for MCCH reception. 

· The modification period is defined for NR MCCH and NR MCCH contents are only allowed to be modified at each modification period boundary.
· The updated MCCH message should be sent in the same MCCH modification period where the change notification is sent.

· UE in RRC IDLE/INACTIVE should be able to monitor/read both MCCH channel and SI/Paging without BWP switch. It is up to RAN1 to decide how this is ensured.

· It is up to RAN1 to decide about the RNTI and DCI format used for MCCH change notifications. 

· FFS whether to support multiple MCCH, e.g. to support different service types. 

· RAN2 will discuss and down-select from the following two options for the UE to get aware of session stop/modification:

Reading MCCH once per each MCCH modification period when receiving an ongoing broadcast session

DCI used for MCCH notification indicates the change of an ongoing broadcast session 

RAN2#113
· [037] RAN2 assumes that MBS session join/leave indications are sent using NAS signalling regardless of the RRC state the UE is in. 5GC should inform RAN about the UE leaving the MBS session.
· [037] If the UE which joined the multicast session is in RR CONNECTED state when the session is started, the gNB sends RRC Reconfiguration message with relevant MBS configuration to the UE and there is no need for separate session start notification for this UE. FFS for session activation.

· [037] RAN2 assumes that from RAN2 perspective, mobility from the source gNB supporting MBS to target gNB not supporting MBS can be achieved by switching the traffic from delivery via MRB to delivery via DRB either before or during the handover. Whether and how this can be done without data losses has to be further investigated and requires progress and input from other WGs, i.e. RAN3 and SA2.

· [037] RAN2 will not provide further reply to SA2 on assistance information from CN to RAN on PTP/PTM delivery method decision and switching.

· [037] RAN2 will reply that it will wait for SA3 to finalize their study on security for MBS before discussing security aspects in RAN2.
· [037] Request a clarification from SA2 on whether and what the difference is between session start and session activation and between the session stop and session deactivation.

· [037] RAN2 will not address the note on 5GC Shared MBS delivery in the reply LS to SA2.

· [037] Reply to SA2/SA4 that:

SYNC protocol is not supported in the specifications in Rel-17
RAN2 has agreed that ROHC is to be located in RAN

· Confirm P1 P2 P3 (assume that MRB may include both PTP and PTM)
· For the case that both PTM and PTP are RLC-UM, configuration with No L2 ARQ and with PDCP anchored PTM – PTP switching shall be supported (e.g. for services that would typically be configured with RLC UM for unicast).

· 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. 

· Assume that MCCH change notification mechanism is used to notify the changes of MCCH configuration due to session start for delivery mode 2 of NR MBS (other cases FFS, if any). 

· 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.

· Assume that some information for purpose of service continuity can be provided for NR MBS delivery mode 2. (FFS what - need to be revisited, e.g. based on progress in other groups, e.g. USD, SAI/TMGI etc)

· FFS whether support UE awareness of MBS services on frequency basis for service continuity for NR MBS delivery mode 2 (i.e. Reuse LTE SC-PTM mechanism).

· FFS Support frequency prioritization during cell reselection for service continuity for NR MBS delivery mode 2 (i.e. Reuse LTE SC-PTM mechanism).

· P2: Whether UEs that receive Multicast can be released to RRC Inactive / Idle and continue receiving Multicast is Postponed. Should limit to RRC inactive in future discussions

RAN2#112
· 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.

· No data: When there is no data ongoing for the multicast session, the UE can stay in RRC_CONNECTED. Other cases FFS
· It is up to SA2 to decide whether the multicast session activation/deactivation mechanism is supported or not, and RAN2 will discuss if there is any RAN2 impacts based on SA2 inputs.

· It is up to SA2 to decide on the support of local MBS service, and RAN2 will discuss the RAN2 impacts based on SA2 inputs.

· In general, Information of MBS services/groups subscribed by the UE (e.g. TMGI) and QOS requirements of a MBS service should be provided to RAN. Detail information e.g. for PTM PTP switch if any is FFS. 
· The function of mapping from QoS flows to MBS RBs in SDAP is needed for NR MBS. TBD whether any SDAP header is needed.

· (Working assumption) no SDAP functions other than “mapping from QoS flows to radio bearers” and “transfer of user plane data” are supported for MBS. FFS whether to support QoS flows to radio bearers remapping.

· In general: RAN2 wait for SA3’s progress for discussing security issues. TBD whether we need to send LS to SA3. 

· RoHC (at least U-mode) can be configured for NR MBS bearers. This is applicable for Mcast, assume this is applicable also to broadcast. 

· RoHC is located at PDCP. 

· The reordering and in-order delivery function in PDCP is supported for NR MBS.

· The following PDCP functions are also supported for NR MBS: transfer of data; maintenance of PDCP SNs; duplicate discarding. Other PDCP functions are FFS.

· RLC AM is supported for PTP transmission of NR MBS.

· RLC UM is supported for PTP transmission of NR MBS.

· RLC UM is supported for PTM transmission of NR MBS.

· RLC TM is not supported for PTP transmission of NR MBS.

· RLC TM is not supported for PTM transmission of NR MBS.

· FFS for PTM if multiplexing/de-multiplexing of different logical channels are to be supported in MAC for NR MBS.
· R2 aim to support lossless handover for MBS-MBS mobility for service that requires this (TBD which detailed scenario but at least PTP-PTP)

· In order to support the lossless handover for 5G MBS services, at least DL PDCP SN synchronization and continuity between the source cell and the target cell should be guaranteed by the network side to realize. The design of specific approach to realize this can be involved with WG RAN3.
· From network side, the source gNB may forward the data to the target gNB and the target gNB will deliver the forwarding data. Meanwhile, the SN STATUS TRANSFER should be extended to cover the PDCP SN for MBS data; Then (TBD after or in parallel) the UE receives the MBS in the target cell by the target cell according to target configuration.

· From UE side, PDCP status report may be supported as well. 

· UE receives the MBS configuration (for broadcast/delivery mode 2) by BCCH and/or MCCH (TBD), and this can be received in Idle / Inactive mode. Connected mode FFS (dep on UE cap and where service is provided etc). A notification mechanism is used to announce the change of MBS Control information.

RAN2#111

· Focus initially on NR SA, TBD to what extent other scenarios NR DC, NE DC can be supported. 

· Confirm Will support PTM transmission in a cell. 
· Confirm that We will, for multicast services introduce support for PTP and PTM transmission of shared traffic delivered by 5GC, at least for connected mode (this is not intended to exclude other cases)

· For a UE, gNB dynamically decides whether to deliver multicast data by PTM or PTP (Shared delivery)

· FFS which layer(s) handles reliability (in general), inorder delivery / duplicate handling, and it is FFS how it works at PTM PTP switch. 

· Focus on MBS-MBS scenario initially (i.e. shared delivery), including both PTM and PTP (if applicable). Other scenarios later, TBD. 

· Requirements for lossless mobility are TBD. Assume for now that R2 will anyway discuss service continuity functionality for low or no data loss. 

· R2 assumes that for Rel-17 NR multicast Mobility in Connected mode, handover (including variants) is the baseline, TBD exactly which variants.
· R2 expect that there may be HARQ with feedback (for PTM) and this is specified by R1. 
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