3GPP TSG-RAN WG2 Meeting #112-e                             	R2-2009461
Online, 2nd - 13th November 2020
                                             	
Agenda item:	8.1.2.3
Source:	Samsung
Title:	General Considerations on Mobility with Service Continuity
Document for:	Discussion & Decision
Introduction
With respect to Connected mode mobility with service continuity [1], following agreements were made in RAN2#111-e meeting [2]
· 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.
This contribution discusses further the issues and aspects related to Connected mode mobility for service continuity.
Discussion
Interest Indication 
In LTE eMBMS and SCPTM, MBMS Interest Indication (MII) procedure was supported to ensure service connectivity during mobility [3]. Specifically, UE informs eNB the services it is interested or receiving via MRB (MBMS Radio Bearer) or SC-MRB, frequencies supporting the MBMS services, priority for MBMS over Unicast, and ROM (Receive Only Mode) capability related parameters ARFCN, bandwidth and SCS. Procedure is initiated in several cases including upon successful connection establishment, upon entering or leaving the service area, upon session start or stop, upon change of interest, upon change of priority between MBMS reception and unicast reception, upon change to a PCell broadcasting SIB15.
Observation 1: In legacy, MBMS Interest Indication procedure is triggered in many different scenarios and is used to convey interest, priority and capability related inputs to network.
Let’s consider a scenario wherein an UE is in Connected mode and upper layer triggers a session join for multicast service, there could be certain situations possible like
a) MBS is provided on frequency that is loaded and have limited resources for unicast. If UE does not support CA with current frequency used for unicast, network may have to choose whether to move UE to MBS related frequency and this would depend on UE’s priority (MBS over Unicast)
b) MBS service is available on a different BWP than the active BWP where UE is receiving unicast transmission and UE’s capabilities do not allow receiving MBS simultaneously on another BWP. This would require that network knows UE’s preferred BWP
In both cases, network needs UE inputs to ensure its priority and preference are met.
In NR MBS, UE may join multicast service through session join procedure, which also informs the network about UE’s interest for a specific multicast service. However, we can notice Interest Indication can be more effective
· To serve multiple purposes, multiple different events and is more generic for both multicast & broadcast services for Connected mode UEs 
· To indicate the up-to-date interested MBS service of the UE 
· To ensure that network can provide service prioritized by UE
· To indicate priority between unicast and multicast reception
· To support service continuity during mobility e.g. critical services (like MCPTT), when UE has to join the service immediately so as RAN ensures UE is in the right cell at right time
· To help RAN to release resources for MBS service when there is no UE interested (in specific cell) and allocates resources in new cell when interested UE(s) comes in (i.e. dynamic use of resources)
· To Support source gNB to target gNB transfer of interested MBS services information during mobility
Observation 2: NR MBS Interest Indication should be more flexible and versatile with many triggers and causes as compared to session join procedure for multicast services and is seen essential for broadcast services.
Observation 3: Interest Indication can be employed generically for both multicast and broadcast services in Connected mode to provide an up-to-date interested MBS services of UE.
To design the NR MBS Interest Indication message, we can start with LTE eMBMS/SC-PTM MII as baseline. As ROM support is precluded for NR MBS, ROM related baseband capability parameters for ARFCN, bandwidth and SCS are no longer needed. MBS services list and frequency list are certainly applicable for NR MBS to support service continuity. Notably, UE should be capable of simultaneously receiving MRBs over frequencies which are specified in frequency list. In LTE MII, Priority (MBMS over Unicast) was a single value, common for all frequencies. For NR MBS the choice relates more to BWP to which frequencies (in frequency list) correspond, as it seems possible that NR MBS service could be provided over a BWP (either one of configured BWPs or a dedicated MBS BWP). However, it relates to RAN1 discussion and decision.
In general, a new field Preferred BWP informs the gNB about the UE’s choice for BWP for MBS operation. It would depend on UE’s capability whether an UE can support unicast and MBS together either on same BWP or different. Potentially, NR MBS Interest Indication could comprise of 
· TMGI list (list of interested MBS services)
· Priority (MBS over Unicast)
· Preferred BWP (it may be different from the current active BWP)
· Frequency list
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Therefore, RAN2 should discuss the following proposals related to Interest Indication as:
Proposal 1: RAN2 to discuss if Interest Indication procedure is needed in NR MBS and whether it can be used generically to indicate MBS services, a Connected mode UE is receiving or interested.
Proposal 2: RAN2 to discuss whether NR MBS Interest Indication message carries following information elements viz. TMGI list, Priority (MBS over Unicast), Preferred BWP (it may be different from the current active BWP), Frequency list. 
Counting Procedure 
Counting procedure has been used in LTE eMBMS [3] to count number of UEs which are receiving or interested to receive via an MRB. It was limited to Connected mode. 
However, legacy Counting procedure, not accounting Idle/Inactive mode UEs, presents an inaccurate statistics and consequently, leads to an inefficient service provisioning by the network. Conversely, if Counting procedure is allowed for Idle/Inactive modes, an UE needs to transit to Connected mode to respond to counting request and there could be significant PRACH overload. 
It is remarkable that, for NR MBS, solution A2 does not face this dilemma. Counting is not needed as MBS service is configured and received by UE in Connected mode only in solution A2.
However, we can notice that
· For multicast services in Idle mode UE (solutions A1/B/B-variant): Counting may be necessary as gNB does not know exactly how many UEs are receiving MBS services. 
· For broadcast services (solutions A1/B/B-variant): UE may be currently receiving ongoing MBS services in either Connected or Idle/Inactive mode and counting is needed.

In order to meet this twin challenge of supporting Counting and still have control over PRACH overload, we may need to consider probability factor based approach to allow representatively a limited percentage of UEs to transit to Connected mode and respond to counting request. Counting request can be communicated to the UE in several ways. Broadcast based approaches like SIB or MCCH, if defined, seems straightforward. However, it is desirable that legacy UEs are not affected e.g. SIB change and also there should not be additional complexity of change notification etc. Alternative mechanism for triggering Counting should be studied e.g. UE based triggers, EPG based service information etc. Importantly, the impact to specification should be reduced when enhancements like ROM/Free to air and other services are introduced in future releases e.g. by bringing alignment between Interest Indication and Counting procedure.

Proposal 3: Counting is not needed for NR MBS services in solution A2.
Proposal 4: RAN2 to discuss whether Counting is needed for multicast services for Idle/Inactive mode UE (solution A1/B/B-variant) and for broadcast services for Connected and Idle/Inactive mode UE (solution A1/B/B-variant).
Proposal 5: RAN2 to discuss whether Counting request is supported for Idle/Inactive mode UEs with probability factor based approach to allow representatively a limited percentage of UEs to transit to Connected mode and respond to counting request.
Proposal 6: RAN2 to discuss the following options for Counting procedure, if supported
Option A: Counting request is communicated to UE with SIB or MCCH message, if defined 
Option B: Study alternate mechanism to trigger Counting procedure at UE

Mobility Configuration and Data Forwarding
In order to continue receiving MBS service in the target cell with minimum service interruption, facilitating the UE with MBS bearer configuration used in the target cell is very much essential. RAN3 has also agreed that “The MBS configuration decided at target gNB is sent to the UE via the source gNB (details e.g. RRC container etc. pending RAN2 progress)”. In our view, RRC signaling for handover i.e. usage of RRC reconfiguration message for this purpose should be confirmed by RAN2.
Proposal 7: MBS bearer configuration for the target cell is provided to the UE by source gNB and RRC reconfiguration message for handover carries this information.  
We opine that legacy mechanism for data forwarding and PDCP status report & retransmission for PTP bearer is suitable to support seamless service continuity during mobility as follows:
· Data forwarding from source gNB to target gNB
· Source gNB forwards data packets from last acknowledged PDCP SN (if PTP-only bearer or MBS split bearer) 
· PDCP status report from UE and retransmission from target gNB
· After handover, PDCP status report is the first uplink PDU transmitted on PTP bearer by UE
· Retransmission on PTP bearer downlink by target gNB is followed for PDCP SNs reported as missing in PDCP Status report
Transmission on PTM-only bearer will be as per normal target gNB operation for all UEs. Lossless handover is not expected for PTM-only bearer case. 
Proposal 8: Legacy mechanism for data forwarding and PDCP status report & retransmission for PTP bearer is suitable to support MBS service continuity during mobility.
PDCP SN Synchronization



Figure 1: PDCP SN is synchronized between source and target cell
As depicted in Figure 1, when PDCP SN is synchronized between two cells (which means that MRB configuration is the same), UE can continue reception of MRB without refreshing PDCP SN. However, PDCP SN synchronization may be too much burden to network side. This implies that for the same PDCP SN, PDCP SDU should be the same (i.e. QF-MRB mapping should be the same).



Figure 2: PDCP SN is not Synchronized between source and target cell
If the PDCP SN is not synchronized across two cells, then three cases may be considered:
· UE may continue the PDCP SN by bearer type switching from split MRB to legacy unicast AM DRB. PDCP re-establishment can support data retransmission based on PDCP status report. Data-forwarding can be performed similar to unicast handover.
· The old MRB is released and a new MRB is added (lossless is not guaranteed).
· An indication on whether to continue PDCP SN in target cell is needed for UE
Proposal 9: To address handover without PDCP SN sync, UE switching bearer type to legacy unicast AM DRB (legacy SN status transfer and data forwarding applies) and MRB is released. 
Lossless Mobility
In MBS, the main issue of service continuity should be to minimize interruption time. Assuming RLC UM for PTM reception, lossless handover is not possible, as lossless is only possible for RLC AM. 
Services requiring high reliability should be configured with RLC AM unicast bearer, irrespective of cast type of CN. Multicasting through PTM is not appropriate.
Further, lossless can be achieved by legacy SN status transfer and data forwarding of unicast delivery. Therefore, we opine no enhancement is needed over legacy to support MBS services. 
Proposal 10: No enhancement is needed over legacy (SN status transfer and data forwarding of unicast delivery) to support lossless mobility for MBS services.
Conclusion
In section 2, we made the following observations:
Observation 1: In legacy, MBMS Interest Indication procedure is triggered in many different scenarios and is used to convey interest, priority and capability related inputs to network.
Observation 2: NR MBS Interest Indication should be more flexible and versatile with many triggers and causes as compared to session join procedure for multicast services and is seen essential for broadcast services.
Observation 3: Interest Indication can be employed generically for both multicast and broadcast services in Connected mode to provide an up-to-date interested MBS services of UE.
Further RAN2 is requested to discuss and possibly agree on following proposals:
Proposal 1: RAN2 to discuss if Interest Indication procedure is needed in NR MBS and whether it can be used generically to indicate MBS services, a Connected mode UE is receiving or interested.
Proposal 2: RAN2 to discuss whether NR MBS Interest Indication message carries following information elements viz. TMGI list, Priority (MBS over Unicast), Preferred BWP (it may be different from the current active BWP), Frequency list. 
Proposal 3: Counting is not needed for NR MBS services in solution A2.
Proposal 4: RAN2 to discuss whether Counting is needed for multicast services for Idle/Inactive mode UE (solution A1/B/B-variant) and for broadcast services for Connected and Idle/Inactive mode UE (solution A1/B/B-variant).
Proposal 5: RAN2 to discuss whether Counting request is supported for Idle/Inactive mode UEs with probability factor based approach to allow representatively a limited percentage of UEs to transit to Connected mode and respond to counting request.
Proposal 6: RAN2 to discuss the following options for Counting procedure, if supported
Option A: Counting request is communicated to UE with SIB or MCCH message, if defined 
Option B: Study alternate mechanism to trigger Counting procedure at UE

Proposal 7: MBS bearer configuration for the target cell is provided to the UE by source gNB and RRC reconfiguration message for handover carries this information.  
Proposal 8: Legacy mechanism for data forwarding and PDCP status report & retransmission for PTP bearer is suitable to support MBS service continuity during mobility.
Proposal 9: To address handover without PDCP SN sync, UE switching bearer type to legacy unicast AM DRB (legacy SN status transfer and data forwarding applies) and MRB is released. 
Proposal 10: No enhancement is needed over legacy (SN status transfer and data forwarding of unicast delivery) to support lossless mobility for MBS services.
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