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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 dynamic switch PTM to PTP MBS service delivery.
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Figure 1 – Overview of the protocol stack and data flow for an MRB
Figure 1, overview of an example protocol stack.
2.1	General
As discussed so far within the MBS WI, the characteristics of the protocol stack design and the functionality that may need to be supported in each layer or entity is determined at length by the service characteristics and the conditions for providing the service to interested devices. That is, based on requirements for reliability, latency and service continuity for a particular service, along with e.g. instantaneous radio channel conditions for a particular UE, there is need to have possibilities to dynamically tailor the MBS transmission. In supporting a service delivery switch between PTM and PTP, there is a choice possible between spectrum efficiency, providing a service to a group of UEs and/or reliable delivery of a service per UE similar to a unicast DRB, if only at short time instance, when needed. 
With the recent assumptions on HARQ support for MBS, and the discussion of PDCP and RLC functionality, the detailed level of resulting support for dynamic switch in the protocol stack needs to be decided.
2.2	Dynamic switch PTM to PTP
As reliability through HARQ has inherent limitations, it has been suggested to introduce also RLC AM mode operation for the PTM leg of the MRB. This is so that L2 level retransmissions can cater for providing the necessary reliability should a service require this. It can be assumed that support for PTM using RLC AM would entail numerous RLC status reports, from multiple UEs for which a gNB would need to maintain its RLC SN transmit window operation. Ideally, RLC retransmissions would follow for each unsuccessfully transmitted RLC PDU. 
If the PTM leg of the MRB should use RLC UM, the corresponding detection of missing packets would need to be made in PDCP. That is, based on PDCP status PDUs, retransmissions of PDCP PDU can be made. Should those packet losses be related to a limited number of UEs, retransmissions should ideally be made only to those UEs.
If one assumes that the most common reason for lost packets are due to radio conditions specific and limited to a few particular UEs when receiving the PTM beam scheduled by G-RNTI, one can assume that a switch to a UE specific PTP beam using C-RNTI would be beneficial. Doing so, retransmitted packets are only needed for those UEs. I.e. PDCP re-transmission can be sent through unicast (PTP) RLC AM/UM leg only (fig 1). Ideally, this leads to maintained spectrum efficiency for the MBS service while increasing the reliability. 
2.3	RLC AM vs UM vs PDCP decision 
If the decision and retransmission of PDUs are made on PDCP layer, where retransmissions of PDUs are done using a PTP bearer, it can further be assumed that no RLC status reporting is needed in the PTM leg of the MRB. Decoding a MAC PDU, the UE MAC entity can route the RLC PDUs to the appropriate RLC entity (RLC bearer).
Note that the mechanism in PDCP for lossless delivery currently is limited to HO etc and would need to be extended if to be used in an ARQ type of fashion for MBS. If RLC AM is configured for a PTP RLC bearer, it seems less useful though to additionally include such a mechanism. 
For the dynamic switch decision, this may be based on packet losses in HARQ, e.g. if due to HARQ failure. In this situation, it may be useful for the gNB to be able to retransmit a PDCP PDU as part of the PTM to PTP switch, after where RLC AM can be used for the PTP RLC bearer. Doing so allows meeting sufficient reliability to the Multicast stream. Note though, that the switch decision may very well also be made before actual packet losses occur, which in that case does not require any optimized solution for alleviating packet losses.
Additionally, if the same RLC mode is used for the PTM and PTP such that the same transport block can be scheduled by MAC/PHY in DL; supporting soft combining a PTP TB with a PTM TB at UE MAC can be considered. I.e. if feasible, it can be beneficial for the protocol design and the resulting reliability if the UE is able to perform soft combining between transport blocks belonging to the same multicast HARQ process scheduled with G-RNTI and C-RNTI. Note that this may mean that UE is required to be monitoring PDCCH for both G-RNTI and C-RNTI in the same slot. The details and modelling on this is described in an accompanying paper [1]. In any case, the switch itself should be transparent to the UE apart from receiving a PDCCH for scheduling either PTM or PTP.
It can be assumed that the above have some impact on RAN1, however it facilitates a less complex design for increased reliability and UE handling of dynamic switch between PTM and PTP. The assumptions for PTM to PTP switch above also additionally mean that the details of dynamic switch decision or procedure from NW side is not required to be specified.
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[bookmark: _Toc54284581]PDCP ARQ mechanism is not useful in addition of an RLC AM PTP leg, except at mobility or possibly for dynamic switch
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2.4	RRC control
Depending on the bearer configuration used for an MBS session, a UE may be configured with an MRB with only a PTM leg for the ongoing session. As a result, dynamic switching cannot be performed dynamically, e.g. by using RNTIs for scheduling a PTM or PTP beam. In such cases an RRC reconfiguration is needed in order to configure the RLC bearers needed (assuming a split bearer model). In these situations, one can assume that the configuration itself, once active (i.e. an MRB configured with a PTM leg and a PTP leg), allows for dynamic switches. 
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[bookmark: _Toc54284584]PDCP level retransmission are used as in legacy. FFS if optimized for handling losses in conjunction to dynamic switch.
[bookmark: _Toc54284585]Inform RAN1 on that from a RAN2 p.o.v soft combining of a TB transmitted with G-RNTI and C-RNTI is beneficial
[bookmark: _Toc54284586]RRC does not control the dynamic switch but may provide an MBS bearer configuration supporting dynamic switch.
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3	Conclusion
In the previous sections we made the following observations: 
Observation 1	It is up to NW configuration to which RLC mode an additional PTP RLC bearer is used
Observation 2	There is no need for a “NW PDCP switch decision” in specification
Observation 3	PDCP ARQ mechanism is not useful in addition of a RLC AM PTP leg, only at mobility or possibly for dynamic switch
Observation 4	From a UE perspective, the Dynamic Switch can be transparent

Based on the discussion in the previous sections we propose the following:
Proposal 1	RLC AM for a Multicast bearer (MRB) is only supported for PTP
Proposal 2	PDCP level retransmission are used as in legacy. FFS if optimized for handling lossed in conjunction to dynamic switch.
Proposal 3	In form RAN1 on that from a RAN2 p.o.v soft combing of a TB transmitted with G-RNTI and C-RNTI is beneficial
Proposal 4	RRC does not control the dynamic switch but may provide a MBS bearer configuration supporting dynamic switch.
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