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1	Introduction
Currently RAN2 have agreed to the following: 
· 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
· Working assumption: RLC-AM for PTM is not supported (can be revisited but it means that proponents of RLC-AM for PTM need to demonstrate the need, to change this). 
· 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. 

In this document, we will discuss architecture, reliability and dynamic switch PTM to PTP MBS service delivery in connected mode.
[bookmark: _Ref178064866]2	Discussion
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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 to fulfil the reliability. These retransmissions may be provided over either PTM or PTP depending on the bearer config (RLC mode etc). 
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. 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. Naturally, this depends on the characteristics of the PTM bearer in it’s use of MCS etc.
[bookmark: _Toc61449283]Dynamic switch to a PTP multicast bearer allows for reliable multicast service provisioning
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. 
In email discussion [071][MBS] UP Performance, a discussion related to QoS and how this may impact the WA below w.r.t reliability performance for MBS was held. In there, a viable solution to fulfil the QoS would be to dynamically switch an MBS PTM multicast to unicast PTP.
· Working assumption: RLC-AM for PTM is not supported (can be revisited but it means that proponents of RLC-AM for PTM need to demonstrate the need, to change this). 

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. 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.
[bookmark: _Toc61449284]It is up to NW configuration to which RLC mode an additional PTP RLC bearer is used
[bookmark: _Toc61449285]There is no need for a NW PDCP switch decision procedure in specification
[bookmark: _Toc61449286]PDCP ARQ mechanism is not useful in addition of an RLC AM PTP leg, except at mobility or possibly for dynamic switch
[bookmark: _Toc61449287]From a UE perspective, the Dynamic Switch can be transparent
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. 
[bookmark: _Toc54261364][bookmark: _Toc54261365][bookmark: _Toc54261366][bookmark: _Toc54261367][bookmark: _Toc54261368][bookmark: _Toc54261369][bookmark: _Toc61449302]RLC AM for a Multicast bearer (MRB) is only supported for PTP
[bookmark: _Toc61449303]PDCP level retransmission is as in legacy. FFS if optimized for handling losses in conjunction to dynamic switch.
[bookmark: _Toc61449304]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: _Toc61449305]RRC does not control or signal the dynamic switch but may provide an MBS bearer configuration supporting dynamic switch.

3	Reliability
Reliability in multicast operation is historically a difficult topic. Among the UEs receiving the service there will always be one UE with the worst conditions. It is possible for the network to adjust various parameters on different protocol levels to cater for this, but in the end it might be more efficient to handle the problematic UE separately instead of adjusting the parameters for all UEs. In NR MBS the dynamic switch between PTM and PTP can be seen as one realization of this mechanism. The underlying issue discussed in this paper is that some information transmitted on PTM has been lost and has to be retransmitted in some way.
In the following figure we illustrate three simple actions the network can take to improve reliability of the MRB. We assume the MRB is configured in some split-bearer fashion with one PTM leg and one PTP leg. In more detail this means there are two LCHs in the UE: LCH x configured with RLC UM and LCH y configured with RLC AM. For the sake of discussion, we can say LCH x corresponds to PTM and LCH y corresponds to PTP. This also implies all UEs wanting to receive the MRB must have the same LCH ID for LCH x (as this LCH will be transmitted on the shared G-RNTI), but may have different ID for LCH y (as this LCH will be transmitted on the UE-specific C-RNTI). We also assume in this example there are no other LCHs configured. This is done for simplicity as there is nothing preventing such configuration. The UE is also configured with G-RNTI and C-RNTI, but there is no mapping or relation configured between LCHs and RNTIs, and the UE continuously monitors for both C-RTNI and G-RNTI.
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Figure 1 – Illustration of three different network actions to improve the reliability.
In short there the three actions are
1. HARQ retransmission of a MAC PDU on G-RNTI
2. HARQ retransmission of a MAC PDU on C-RNTI
3. Retransmission of PDCP PDU using RLC AM on C-RNTI
In the following sub clauses, we describe these actions in more detail and draw some conclusions for further work.
3.1	HARQ retransmission of a MAC PDU on G-RNTI
By retransmitting an already transmitted MAC PDU using the G-RNTI all UEs will receive and decode the MAC PDU. The retransmission is a normal HARQ retransmission, i.e. the same HARQ process ID as the original transmission is used and the NDI is not toggled. Following the procedure for legacy unicast operation the UEs which received the original transmission correctly will not forward any MAC PDU to higher layers when receiving the retransmission, thus no duplicates are created. The UEs which did not receive the original transmission can do soft combining and hopefully successfully decode the MAC PDU. The demultiplexing of a MAC PDU retransmitted using the G-RNTI does not differ from any other demultiplexing. The MAC Entity will check the LCID of the MAC SDUs and pass the corresponding RLC PDU to its RLC Entity.
HARQ retransmission must be triggered somehow. We see at least two possibilities. The first is more speculative, i.e. the network could perform this action always. The second possibility is that the network makes use of HARQ feedback. If enough UEs request retransmission, it might be more efficient to perform one transmission using the G-RNTI (and its probably wide beam) than several individual retransmissions. The threshold to select between retransmission using the G-RNTI or individual retransmissions is left to the network. The obvious drawback is that several UEs will receive data they already received again, wasting power. It should be noted that although the trigger for the network action is left to network implementation, HARQ feedback is a very useful tool to trigger this action.
[bookmark: _Toc54287321][bookmark: _Toc61449288]The network can improve the reliability using HARQ retransmission of a MAC PDU on G-RNTI. Assuming unicast reception behavior in the UE, it will be able to receive and make use of this MAC PDU.
3.2	HARQ retransmission of a MAC PDU on C-RNTI
By retransmitting an already transmitted MAC PDU using the C-RNTI only a specific UE will receive and decode the MAC PDU. This allows the network to use a narrower beam, increasing the likelihood of successful reception. The retransmission is a normal HARQ retransmission, i.e. the same HARQ process ID as the original transmission is used and the NDI is not toggled. The UE can do soft combining and hopefully successfully decode the MAC PDU. The demultiplexing of a MAC PDU retransmitted using the C-RNTI does not differ from any other demultiplexing. The MAC Entity will check the LCID of the MAC SDUs and pass the corresponding RLC PDU to its RLC Entity. As the network is retransmitting a MAC PDU originally intended for multiple receivers, LCH x is used. But, as there is no relation between LCHs and RNTIs, the UE has no issue receiving this LCH on the C-RNTI.
Although also the trigger for this action is left to network implementation, it is fair to say that some form of UE-specific HARQ feedback should be the base. The benefit of this action over the previous one is that the network only retransmits to the UEs which failed reception of the original transmission and can use a narrower beam. The drawback is that all UEs must be configured with HARQ feedback for this action to be useful.
[bookmark: _Toc54287322][bookmark: _Toc61449289]The network can improve the reliability using HARQ retransmission of a MAC PDU on C-RNTI. Assuming unicast reception behavior in the UE, it will be able to receive and make use of this MAC PDU.
3.3	Retransmission of PDCP PDU using RLC AM and C-RNTI
By retransmitting the PDCP PDU using RLC AM, the network can segment the data and improve reliability further. This means the network makes use of the "PTM leg" of the MRB where RLC AM is configured in our example which implies LCH y will be used in MAC. On MAC layer, the corresponding MAC PDUs will be considered new data and overall be transmitted as any other unicast data. This allows for a narrower beam to be used as well. Thanks to the "split-bearer design" of the MRB, the PDCP PDU will end up in the single PDCP Entity in the UE, and thus there is no need for any special handling of sequence numbers. We note that the reception behaviour in the UE is not different from legacy unicast for this action. The reliability should also be on par with unicast. Although this description discusses retransmission of PDCP PDU, the network can also perform the first transmission of a PDCP PDU in the PTP leg too.
Again, as this is a network action, the trigger to initiate this retransmission is left to network implementation, but also here it is reasonable to assume some form of HARQ feedback would be useful. For example, if the HARQ retransmission of the original MAC PDU on C-RNTI repeatedly fails, the network could initiate this action.
[bookmark: _Toc54287323][bookmark: _Toc61449290]The network can improve the reliability by retransmitting a PDCP PDU using RLC-AM and C-RNTI. Assuming unicast behavior for split bearers in the UE, it will be able to receive and make use of this PDCP PDU.
3.4	PDCP status reporting and retransmission
In addition to the above, PDCP functionality such as PDCP status reporting can be used to increase reliability. By receiving PDCP status PDU(s) from UEs, the gNB transmitting PDCP entity can detect when one or several PDCP PDUs is missing at the receiver side and initiate a retransmission of those. Currently, this mechanism is limited to HO and would need to be extended if to be used in an ARQ type of fashion for MRBs. 
Note that the use of such a mechanism at PDCP for a PTM stream comes with additional complexity, as it can be assumed that a PTM RLC bearer only supports RLC UM. If the MRB configuration for UEs combines the PTM RLC UM bearer with a PTP RLC AM bearer, it seems reasonable to equivale dynamic switches from PTM to PTP with bearer type change etc., in current functionality. In other words, it may be useful for the gNB to be able to retransmit PDCP PDU(s) after a PTM to PTP switch, where RLC AM can then be used for the PTP RLC AM bearer. By this the sufficient reliability for the Multicast service can be met and the use of PDCP ARQ is made redundant for this use case. However, the need for PDCP ARQ is still there when performing handovers, like in legacy unicast. We think is it straight forward to support PDCP ARQ for the legacy use cases also for MRBs. 
[bookmark: _Toc54287314][bookmark: _Toc61449306]PDCP ARQ (i.e. PDCP Status reporting triggering PDCP retransmission) is supported for MRB for the existing legacy use cases (e.g. handover).
[bookmark: _Toc54287315][bookmark: _Toc61449307]Do not extend PDCP ARQ for MRB to other use cases.
For dynamic switch, i.e. when a multicast service is transmitted to the UE using a unicast PTP stream with RLC AM, then there may be benefit in retransmitting PDCP PDUs already sent through PTM. This depends on what premises the switch decision is based upon, and if triggered before the detection of loss of data (e.g. HARQ failure).
3.5	Analysis
The four actions outlined above do not deviate significantly from legacy unicast operation in the UE. This implies that there is no need for RLC AM in PTM. RLC AM on PTM would imply all UEs configured with the MRB would need a radio bearer in the uplink. With the actions proposed in this contribution, we show that only HARQ feedback is sufficient for most cases and only when using the PTP leg (and RLC AM) is an uplink radio bearer needed. RLC AM on PTM would add lots of complexity with unsure gain.
[bookmark: _Toc54287316][bookmark: _Toc61449308]Do not pursue support for RLC AM on PTM leg.
[bookmark: _Toc54287317][bookmark: _Toc61449309]Maintain the possibility for the network to perform HARQ retransmissions on the PTM leg.
[bookmark: _Toc54287318][bookmark: _Toc61449310]Maintain the possibility for the network to perform PDCP PDU retransmissions.
[bookmark: _Toc54287319][bookmark: _Toc61449311]Do not pursue additional support/triggers for PDCP status reporting.
3.6	Future optimizations
It should be noted that the UE never stops trying to decode either G-RNTI nor C-RNTI. One can argue that if the UE continuously needs PDCP PDU retransmissions using RLC AM and C-RNTI, then there is a waste of power to decode G-RNTI and send corresponding HARQ NACK. If this is seen as problematic, a mechanism for the network to reconfigure the MRB with PTP only could be explored. The simplest way to do this would be to reconfigure the MRB using RRC Reconfiguration message.
[bookmark: _Toc54287320][bookmark: _Toc61449312]An MRB can be configured with a PTP leg only.
4	Conclusion
In the previous sections we made the following observations: 
Observation 1	Dynamic switch to a PTP multicast bearer allows for reliable multicast service provisioning
Observation 2	It is up to NW configuration to which RLC mode an additional PTP RLC bearer is used
Observation 3	There is no need for a NW PDCP switch decision procedure in specification
Observation 4	PDCP ARQ mechanism is not useful in addition of an RLC AM PTP leg, except at mobility or possibly for dynamic switch
Observation 5	From a UE perspective, the Dynamic Switch can be transparent
Observation 6	The network can improve the reliability using HARQ retransmission of a MAC PDU on G-RNTI. Assuming unicast reception behavior in the UE, it will be able to receive and make use of this MAC PDU.
Observation 7	The network can improve the reliability using HARQ retransmission of a MAC PDU on C-RNTI. Assuming unicast reception behavior in the UE, it will be able to receive and make use of this MAC PDU.
Observation 8	The network can improve the reliability by retransmitting a PDCP PDU using RLC-AM and C-RNTI. Assuming unicast behavior for split bearers in the UE, it will be able to receive and make use of this PDCP PDU.

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 is as in legacy. FFS if optimized for handling losses in conjunction to dynamic switch.
Proposal 3	Inform RAN1 on that from a RAN2 p.o.v soft combining of a TB transmitted with G-RNTI and C-RNTI is beneficial
Proposal 4	RRC does not control the dynamic switch but may provide an MBS bearer configuration supporting dynamic switch.
Proposal 5	PDCP ARQ (i.e. PDCP Status reporting triggering PDCP retransmission) is supported for MRB for the existing legacy use cases (e.g. handover).
Proposal 6	Do not extend PDCP ARQ for MRB to other use cases.
Proposal 7	Do not pursue support for RLC AM on PTM leg.
Proposal 8	Maintain the possibility for the network to perform HARQ retransmissions on the PTM leg.
Proposal 9	Maintain the possibility for the network to perform PDCP PDU retransmissions.
Proposal 10	Do not pursue additional support/triggers for PDCP status reporting.
Proposal 11	An MRB can be configured with a PTP leg only.
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