
3GPP TSG-RAN WG2 Meeting #113e                                                      R2-2100321                                     
E-Meeting: Jan 25th -Feb 5th, 2021                                  Revision of R2-2009037                       
Agenda item:
8.1.2.2
Source:
Qualcomm Inc

Title:

Enhancements for supporting loss less switch between PTM and PTP RLC legs
WI Code:              NR_MBS
Document for:
Discussion and Decision

1. Introduction 
R17 NR Multicast and Broadcast Services includes below objective: 
· Specify RAN basic functions for broadcast/multicast for UEs in RRC_CONNECTED state [RAN1, RAN2, RAN3]:

·     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]

In this document, we will discuss our views about how dynamic switching can be supported between PTM (Multicast Radio Bearer (MRB)) and PTP (using unicast radio bearer) based on high level architecture discussion in our companion paper [3]. 
2. Discussion 

As discussed on our companion paper [3], section 2.3, one of the key MRB design characteristics is to allow dynamic switching between PTM and PTP legs with service continuity and no loss of data. gNB should have flexibility to decide whether to deliver a multicast QoS flow by MRB for a group of UEs or by using unicast radio bearer in unicast manner for any specific UE. The decision for selection of multicast vs unicast for service delivery can be based on number of UEs interested to receive a given multicast service, radio channel conditions of UEs etc. During switching between multicast vs unicast radio bearer, one of the key requirements is to ensure service continuity in a given cell.
2.1  Switching between Multicast vs Unicast radio bearers
In [3], MRB architecture options are discussed where option 1a, 1b, 2 are different variants of MRB architecture using common PDCP entity for both multicast RLC leg and unicast RLC leg. For switching between multicast and unicast, both variants require same enhancements. Therefore, we are using Option 1b (flexible for both L1 HARQ and L2 RLC ARQ) for discussion here.

Option 1b:  Common PDCP associated with Multicast RLC AM and Unicast RLC AM/UM + Mixed dynamic L1 HARQ 
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Here it is assumed that gNB gets multicast QoS flow data from UPF through Multicast PDU session. UPF may send multiple Multicast QoS flows within same Multicast PDU session, which is shared across multiple UEs. gNB may decide whether to use unicast radio bearer or Multicast radio bearer for multicast data delivery. It is possible that different Multicast QoS flows may have different reliability and latency requirements. Multicast QoS flows can be either GRB or Non-GRB QoS Flows, actual QoS parameters and their interpretation same for both unicast and multicast delivery mode.  
For multiple UEs capable of supporting Rel-17 NR multicast, one simple approach is to use option 1b architecture diagram. “Integrated MRB with unicast and multicast RLC bearers” includes a common PDCP associated with one RLC leg acting as Multicast RLC and one RLC leg for UE specific. Use of common PDCP entity enables simplification to support loss-less handover and data recovery during PTM-PTP dynamic switching. However, PDCP security is FFS based on SA3 decision. 

Observation 1. 
When multicast data is delivered to UEs either by unicast or multicast RLC legs, it should be possible to support dynamic switching between unicast and multicast without any loss of data.

Proposal 1.   Lossless PDCP level switching between Multicast and Unicast transmission is supported.

Multicast RLC leg can be configured in either AM (to support Multicast RLC level re-transmission) or UM depending on level of reliability required for a given multicast service QoS flow. Unicast RLC leg can be configured in AM or UM mode depending on multicast QoS flow reliability requirement.  Using a common PDCP entity, at the time of configuring radio bearer, network may either configure only Multicast RLC leg or Unicast RLC leg or both RLC legs. If both RLC legs are configured, network can dynamically decide whether to use Multicast mode or Unicast Mode for multicast data delivery. 
For PDCP PDU re-transmission based on UE provided PDCP level feedback (i.e., UE indicating which PDCP SNs are missing) corresponds to PTP/PTM RLC switching, there is a need to implement RLC AM type of functionality at the PDCP level. Potential changes include new triggers (example: polling based, number of PDCP SNs missing, t_reassembly timer based etc.) for UEs to report missing PDCP SNs and gNB to decide whether to re-transmit PDCP PDU to one UE or a group of UEs depending on the received feedback from UEs. This essentially means implementation of RLC AM kind of functionality at PDCP which augments PDCP complexity, adds additional overhead and provides same lower layer RLC AM functionality at a higher layer. Therefore PTP/PTM RLC switching for the purpose of MRB reliability implementation is not a good choice. Details about PTM RLC AM enhancements are discussed in [4]. 

Observation 2. PTP/PTM RLC switching for the purpose of MRB reliability implementation is not a good choice.

Assume that NW is transmitting multicast data to multicast UE using multicast RLC AM entity and network decides to disable multicast RLC entity by sending an indication (which can be based on RRC or MAC CE) then UE can disable multicast RLC entity. When UE disables multicast RLC entity, it may not have received all network scheduled multicast RLC PDUs and also UE may not send any RLC STATUS PDU after RLC disabling. At RLC Tx entity, upon receiving RLC STATUS PDU from Rx RLC entity, it indicates successfully delivered RLC SDU to PDCP. When NW switches multicast PDCP PDU scheduling from Multicast RLC leg to unicast RLC leg, for NW side PDCP entity it is not clear which PDCP SNs are successfully delivered to this UE through multicast RLC leg (without receiving a RLC STATUS PDU from the UE after disabling multicast RLC entity). One possibility for the UE to indicate which PDCP SNs are successfully received and which PDCP SNs are not received is by triggering UE to send a PDCP status report upon NW disabling one RLC entity and switched to other RLC entity for scheduling multicast data. This helps NW to avoid any multicast PDCP re-transmission using other RLC leg and NW can re-transmit packets corresponding to only missing PDCP SNs reported by UE to ensure loss-less switching. 

Network should be allowed to activate and deactivate any of the RLC legs and if needed, based on network configurable trigger, UE should be allowed to send PDCP status report (indicating missing packets) to assist network for re-transmission of any missing PDCP PDUs.  
It is also possible that network can switch between multicast and unicast mode of delivery without loss of data.   
Proposal 2.   MRB is configured with a common PDCP associated with multicast RLC leg and unicast RLC leg for a UE. The multicast and unicast RLC legs are linked through RRC Configuration.

Proposal 3.   The multicast and unicast RLC legs of MRB with common PDCP entity can be activated and deactivated by RRC or MAC CE signalling. 
Proposal 4.   Introduce PDCP status reporting to prevent data loss when either of multicast or unicast RLC legs are deactivated and multicast data transfer is switched from disabled RLC leg to other RLC leg.  

3. Conclusion

In this contribution, we discussed on how to support loss-less switching between unicast and multicast RLC legs for common PDCP MRB for Multicast UEs in RRC_CONNECETD state. 
Observation 1. 
When multicast data is delivered to UEs either by unicast or multicast RLC legs, it should be possible to support dynamic switching between unicast and multicast without any loss of data.
Observation 2.
PTP/PTM RLC switching for the purpose of MRB L2 reliability implementation is not a good choice.


Proposal 1.
Lossless PDCP level switching between Multicast and Unicast transmission is supported.
Proposal 2.
MRB is configured with a common PDCP associated with multicast RLC leg and unicast RLC leg for a UE. The multicast and unicast RLC legs are linked through RRC Configuration.
Proposal 3.
The multicast and unicast RLC legs of MRB with common PDCP entity can be activated and deactivated by RRC or MAC CE signalling .
Proposal 4.
Introduce PDCP status reporting to prevent data loss when either of multicast or unicast RLC legs are deactivated and multicast data transfer is switched from disabled RLC leg to other RLC leg.
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