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1	Introduction
In this document, we will discuss reliability and dynamic switch PTM to PTP MBS service delivery in connected mode. Relevant RAN2 agreements are the following:
· 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.
· 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). 
· Mobility and service continuity
· 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. 
· For a given UE, if the MRB’s QoS requirements are not met via PTM, switching to PTP with RLC-AM shall be supported.
· Chair: NOTE that the below agreements are only based on architecture decisions so far. The reliability discussion not concluded yet i.e. other cases than RLC UM + RLC UM. PTM PTP switch for such other cases is FFS
· Dynamic PTM/PTP switch is supported for a split MRB bearer (type) with a common (single) PDCP entity.
· As a baseline, no new UE based signalling is introduced to support gNB switch decision (e.g. PDCP SR for high reliability is still TBD)
· Assuming a split-MRB configured with a PTM leg and PTP leg, the usage of the PTP leg cannot be deactivated (i.e. the UE needs to always monitor C-RNTI) after the necessary split-MRB configuration.
· Assuming a split-MRB configured with a PTM leg and PTP leg, it is FFS whether the usage of the PTM leg of the split-MRB may be subject to activation or deactivation and the details of such.
[bookmark: _Ref178064866]2	Discussion
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Figure 1 – Overview of the protocol stack and data flow for a Split MRB (left) and an MRB (right)
Figure 1 displays the Split MRB and MRB. They are further defined in R2-2105756.
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 like a unicast DRB, if only at short time instance, when needed. 
With the recent progress 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.
[bookmark: _Toc54261364][bookmark: _Toc54261365][bookmark: _Toc54261366][bookmark: _Toc54261367][bookmark: _Toc54261368][bookmark: _Toc54261369]2.2	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 must be retransmitted in some way depending on the use case.
In the following figure we illustrate three simple actions the network can take to improve reliability of the Split MRB. 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 2– Illustration of four 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
a. PDCP retransmission via PTP on C-RNTI triggered by PDCP status report
While RAN1#104b recently agreed that HARQ retransmission of a MAC PDU on either G-RNTI or C-RNTI (agreement below), in this section, we describe action 3 in more detail and draw some conclusions for further work.
RAN1#104b agreement:
· The same HARQ process ID and NDI are used for PTM scheme 1 (re)transmissions and PTP retransmissions of the same TB.
2.3	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 Split 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 Split 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 behavior 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 (from the UE's perspective) 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: _Toc71532846]The network can improve the reliability by (re)transmitting 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.
2.3.1	PDCP status reporting and retransmission
In addition to mechanisms discussed above, PDCP retransmission can also be used to improve reliability. RAN2 recently agreed that the switch from PTM to PTP is supported if the MRB’s QoS requirements are not met via PTM. It is important to understand in which scenario PDCP retransmission is needed, whether network needs any new UE assistance information to determine that QoS is not met via PTM. In case a PDCP retransmission is needed, whether anything needs to be specified to request UEs to send PDCP status report?
In legacy, PDCP retransmission is triggered by PDCP status report for AM DRBs and DAPS (both AM and UM). PDCP status report is in its turn triggered upon PDCP reestablishment (in case of key change), PDCP data recovery, and DAPS-related activity. Network indicates PDCP status report via statusReportRequired flag as part of PDCP-config IE of a DRB upon RRC reconfiguration (i.e., handover). There is no polling mechanism or timer based PDCP retransmission in legacy.
[bookmark: _Toc71532847]Network indicates PDCP status report per DRB upon RRC reconfiguration (i.e., handover). There is no polling-based or timer-based PDCP retransmission.
It was agreed in RAN2#112e that PDCP status report may be supported from UE side for lossless HO. We assume that the PDCP status report is transmitted within Split MRB bearer using the PTP leg with RLC AM as the PTM leg uses RLC UM. It is not possible to use a separate DRB to transmit the PDCP status report as it would use a different PDCP entity than the Split MRB. Lossless HO is one of the events where QoS requirements triggers PTM to PTP switch.
[bookmark: _Toc71532848]Lossless MBS-MBS HO triggers the use of PTP leg with RLC AM of split MRB for PDCP status report and retransmission, i.e., data recovery. 
Apart from lossless HO, it is desirable to understand whether other reliability mechanisms are sufficient to meet QoS requirements of MBS services of interest via PTM with RLC UM and in case PTM to PTP switch is required, anything needs to be specified to trigger PDCP retransmission via PTP leg.
While using PTM leg with RLC UM, network cannot keep track of possible missing RLC PDUs. This is because missing packets cannot be detected at L2. Thus, if network wants to know e.g., if there are missing PDUs or if the link quality has deteriorated such that a switch to PTP with possible PDCP retransmission would be beneficial, it needs information from UEs. Such information can be provided in forms of L1 and/or L2 signalling. In the former case, network can rely on existing L1 feedback/reporting mechanisms such as HARQ feedback or CSI feedback report. For example, network can decide to switch to PTP based on packet losses in HARQ, e.g., due to HARQ failure or if NACK from a particular UE comes often.
[bookmark: _Toc71532849]When PTM with RLC UM is used, UE is not able to provide network with assistance information at L2.
[bookmark: _Toc71532850]Existing HARQ feedback and link information, e.g., CSI feedback can be used by network to make switch decision.
It is possible to obtain a packet error rate after HARQ based on a simplified calculation as the following. The total loss probability after HARQ can be approximately HARQ BLER * HARQ feedback error rate. Assuming HARQ feedback error rate (e.g., NACK to ACK, see also TS38.104) of 10-3, a packet error rate (PER) requirement of 10-6 can be met by a HARQ BLER of = 10-3, which is considered achievable in network implementation by e.g., a robust MCS. By referring to the standardized 5QI to QoS characteristics mapping, i.e., Table 5.7.4-1, TS23.501, potential 5MBS services such as mission critical types of service require PER up to 10-3 for user plane (i.e., 5QI 67 for mission critical video user plane). We think such reliability requirements can be fulfilled with PTM leg of Split MRB without a need for PDCP status report and retransmission. We assume that other services such as mission critical sensitive signaling (i.e., 5QI 69) or mission critical data (i.e., 5QI 70) with stricter PER of 10-6 are to be served by DRBs, rather than MRB bearers. 
With above analysis, we show that only HARQ feedback is sufficient for most cases and the PTM to PTP switch and PDCP retransmission are not needed in non-HO scenario. Thus, we do not see the need to specify any new UE assistance information for network to trigger the switch.
[bookmark: _Toc71532851]Reliability requirement of mission critical services (i.e., 5QI values in Table 5.7.4-1, TS23.501) can be fulfilled via PTM with UM RLC mode.
[bookmark: _Toc71532907]New UE-based triggers for transmission of PDCP status report are not introduced.
[bookmark: _Toc71532908][bookmark: _Toc71219967][bookmark: _Toc71219986][bookmark: _Toc71220002][bookmark: _Toc71303131][bookmark: _Toc71219968][bookmark: _Toc71219987][bookmark: _Toc71220003]RAN2 to further study NW-based request for PDCP status report.
3	Conclusion
In the previous sections we made the following observations: 
Observation 1	The network can improve the reliability by (re)transmitting 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.
Observation 2	Network indicates PDCP status report per DRB upon RRC reconfiguration (i.e., handover). There is no polling-based or timer-based PDCP retransmission.
Observation 3	Lossless MBS-MBS HO triggers the use of PTP leg with RLC AM of split MRB for PDCP status report and retransmission, i.e., data recovery.
Observation 4	When PTM with RLC UM is used, UE is not able to provide network with assistance information at L2.
Observation 5	Existing HARQ feedback and link information, e.g., CSI feedback can be used by network to make switch decision.
Observation 6	Reliability requirement of mission critical services (i.e., 5QI values in Table 5.7.4-1, TS23.501) can be fulfilled via PTM with UM RLC mode.

Based on the discussion in the previous sections we propose the following:
Proposal 1	New UE-based triggers for transmission of PDCP status report are not introduced.
Proposal 2	RAN2 to further study NW-based request for PDCP status report.
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