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1. Introduction 
R17 NR Multicast and Broadcast Services includes following set of objectives: 
· 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 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 2.2, one of the key MRB design characteristics is to allow dynamic switching between PTM and PTP 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, whether a given UE is capable of supporting Rel-17 multicast feature etc. During dynamic switching between multicast vs unicast, one of key requirement is to ensure service continuity in a given cell.
2.1 Dynamic switching between Multicast vs Unicast 

In [3], four MRB architecture options are discussed where option 1a, 1b and 1c are 3 different variants of MRB architecture using common PDCP entity for both multicast RLC leg and unicast RLC leg. For dynamic switching between multicast and unicast, all these 3 variants require same enhancements. Therefore, for simplicity, we are use Option 1a for discussion here.

Option 1a: Common PDCP associated with Multicast RLC AM and Unicast RLC AM/UM + Independent L1 HARQ 
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Here is it 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 dynamically 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 and Multicast QoS flows can be either GRB or Non-GRB QoS Flows, actual QoS flow characteristics (identified by 5QI) depends on SA2 discussion. 
It is possible to have 1:1 mapping between Multicast QoS flow to MRB/DRB. Additionally, multiple Multicast QoS flows can be mapped to one MRB/DRB. For legacy UEs which do not support Rel-17 NR MRB, gNB can deliver multicast data by using UE specific DRB. For example, in above option 1a diagram, DRB1 can be used by gNB to deliver multicast data in unicast manner. 
Proposal 1.   Within multicast PDU session, gNB dynamically decides whether to deliver multicast data by multicast or unicast radio bearer. 

Proposal 2.   Switching between MRB and DRB without any data loss is supported.

For multiple UEs capable of supporting Rel-17 NR multicast, one simple approach is to use option 1a 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, data recovery during PTM-PTP dynamic switching. However, PDCP security is FFS based on SA3 decision and the common PDCP entity for two RLC bearers may only work when security for multicast traffic is not provided at the PDCP layer. RAN2 can further discuss about whether single common PDCP is sufficient or separate PDCP with synchronized PDCP SNs is needed.

Multicast RLC leg can be configured in either AM mode (to support Multicast RLC level re-transmission) or UM mode depending on level of reliability required for a given multicast QoS flow. Unicast RLC leg can be configured in AM or UE mode depending on multicast QoS requirement. If it is possible to use 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. Network can dynamically activate and deactivate any of the RLC legs and if needed, based on network trigger UE can 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.   
Option 2: Independent PDCP for multicast RLC bearer and unicast RLC bearer   each supporting L2 RLC Re-transmissions + HARQ
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With Option 2, Multicast RLC bearer and unicast RLC bearer are associated with independent PDCPs. Within one MRB (e.g. MRB0 in the figure above), it is possible to have Multicast RLC AM associated with 2 LCIDs (one multicast LCID associated with G-RNTI and one unicast LCID associated with C-RNTI). Since both DRB1 and MRB0 in this diagram use different PDCP entities, RRC signalling is needed for switching between PTP and PTM. In addition, some kind of PDCP SN synchronization need to be maintained between 2 PDCP entities. 
Single PDCP variant of “Integrated MRB with unicast and multicast RLC bearers” architecture is more flexible than independent PDCP entity based solution, however, RAN2 need to wait for SA3 security discussion before deciding single PDCP vs separate PDCP entities.
Based on above discussion, we have following proposals:
Proposal 3.   FFS based on SA3 multicast security discussion whether to use common PDCP entity between multicast and unicast radio bearers to enable lossless switching. 

Proposal 4.   Both multicast and unicast radio bearers can be configured for a UE and both need to be linked through RRC Configuration.

Proposal 5.   Introduce signalling enhancements to activate and deactivate multicast and unicast radio bearers. 
Proposal 6.   Introduce PDCP status reporting enhancements to enable dynamic switching between multicast bearer and unicast in lossless manner. 

3. Conclusion

In this contribution, we discussed various proposals related to how to enable dynamic switching between Multicast radio bearer and Unicast radio bearer link with no loss of data for UEs in RRC_CONNECETD state. 
Observation 1.
The gNB based on implementation dynamically decides whether to deliver multicast data via MRB or DRB.
Observation 2.
Rel-17 NR UEs need to join multicast session to receive multicast data and requires UEs to get into RRC_CONNECTED state.


Proposal 1.
Within multicast PDU session, gNB dynamically decides whether to deliver multicast data by multicast or unicast radio bearer.
Proposal 2.
Switching between MRB and DRB without any data loss is supported.
Proposal 3.
FFS based on SA3 multicast security discussion whether to use common PDCP entity between multicast and unicast radio bearers to enable lossless switching.
Proposal 4.
Both multicast and unicast radio bearers can be configured for a UE and both need to be linked through RRC Configuration.
Proposal 5.
Introduce signalling enhancements to activate and deactivate multicast and unicast radio bearers.
Proposal 6.
Introduce PDCP status reporting enhancements to enable dynamic switching between multicast bearer and unicast in lossless manner.
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