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1   Introduction

In RAN2#113e meeting and meeting up until this, Multicast services delivered in RRC_CONNECTED state has been discussed. Following is a summary of current relevant agreements:  

RAN2#113-e:

For the case that both PTM and PTP are RLC-UM, configuration with No L2 ARQ and with PDCP anchored PTM – PTP switching shall be supported (e.g. for services that would typically be configured with RLC UM for unicast).

RAN2#113bis-e:
· 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 (as agreed during the online session) 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 (as agreed during the online session) 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.
In this contribution, we will further discuss NR multicast PTM to PTP dynamic switch and related aspects of the MRB.
2   Discussion

2.1   Configuration of MRB

Before we support the dynamic switch between PTM and PTP, we apparently require to configure the MRB in the beginning. In LTE SC-PTM, the UE applies the SC-MRB establishment procedure to start receiving a session of a MBMS service it has an interest in. The procedure may be initiated e.g. upon start of the MBMS session, upon entering a cell providing via SC-MRB a MBMS service in which the UE has interest, upon becoming interested in the MBMS service, upon removal of UE capability limitations inhibiting reception of the concerned service. In another word, in LTE SCPTM, the SC-MRB is established by fully UE internal behavior, no network configuration. 
Since by SA2 agreement, the UE should stay in CMM_CONNECTED to register the service. RAN2 has de-prioritized RRC_INACTIVE UE support in the agreement of RAN2#113bis-e meeting. All in all, the network should provide configuration for MRB when the UE is in RRC_CONNECTED. So, like SRB and DRB has an identity, MRB should also has an identity. The identity can be a new identity dedicated for MRB, or to re-use a DRB ID. But a new MRB id will introduce the following benefits:

1: the DRB id space is 1-32, which a UE can only have maximum 29 DRBs in practice. Given multiple MBS service will co-exist in a cell, the number DRB id left for unicast service would be very limited. 

2: the MBS bearer id should be common for all UE in a cell. The group scheduling can only be done by the common MBS bearer id. If we reuse DRB id, what if this DRB id is used by an ongoing DRB for a UE?

Proposal 1: it is proposed to introduce a new MRB identity to identify a MRB.
If a new identity dedicated for MRB is not agreed, we further propose to extend the legacy DRB identity for MRB. This is because if we re-use the legacy 32 DRB identities, the collision to the ongoing DRB id can’t be avoided, and 32 Radio bearer identities is not sufficient for both DRB and MRB services. 
Proposal 2: it is proposed to extend the legacy 32 DRB identity if DRB identity is re-used.

2.2   Scenario of PTM/PTP switch

At RAN2#111 it was decided that the gNB dynamically decides whether to deliver multicast data by PTM or PTP. This gNB triggered can be up to the gNB implementation, e.g. service reliability requirement. 

PTM can be received by multiple interested UEs, which is the motivation of MBS. When there are sufficient UEs interested this service, the network should use PTM. But for and individual UE, if the reliability of PTM can’t be satisfied, the network should configure PTP for the UE. So we should separate two scenarios of PTM/PTP switch:

Scenario 1: network shut off PTM, all UE switch to PTP.
In this scenario, this is the network decides PTM to PTP switch for all the UE up to the implementation of gNB, e.g. reduced interested UE number,  the network should provide grouped switch method in order to reduce the signalling overhead, instead of configuring all UE switch from PTM to PTP one by one. 

Proposal 3: the network should provide grouped switch method in case of PTM shut off scenario, instead of configuring all UE switch from PTM to PTP one by one. 

Scenario 2: the network switch a specific UE from PTM to PTP.

When a UE is moving to the cell edge, the PTM may not be able to fulfil the reliability of this MBS service. Thus in this scenario, we think UE initiated PTM to PTP switch also should also be considered. But we think the final decision should be up to network configuration. 

When UE established PTM leg, then when UE is moving to the cell edge, that the measured signalling quality/RLC ARQ/HARQ can no longer reach the QoS of the MBS service, UE can trigger the switch from PTM to PTP. For signalling quality, UE can be configured with measurement report. 
But for RLC ARQ, the pre-condition is there is no PTP leg before the UE is switched from PTM. So, in this case, it is further proved the benefit of a complementary PTP leg which is only used for RLC status report, no much radio resource wasted, but the network can constantly monitor the transmission status of the UE. If the network doesn’t intend to shut off the PTM in the whole cell, the PTM leg can always be configured with the UE, anyhow the UE can always monitor multicast with no additional radio resource consumption. In [1], we provide the scenario and solution for simultaneous transmission. PTP leg can be established when the UE is moving to the cell edge, PTM leg is no longer fulfil the reliability of the service, UE can send measurement report to the network, then the network can configure PTP leg for the UE. Furthermore, the PTP leg status report can also be the trigger of PTM to PTP. 

Proposal 4: the network can switch PTM to PTP up to implementation, e.g. UE measurement report.
Observation 1: if the network has no intension to shut off PTM in the cell level, the UE can always be configured with PTM with no additional effort. PTP leg can be always configured for RLC status report so that the network can decide when to switch from PTM to PTP. 
2.3   Architectures for dynamic switch

In the RAN2#113bis-e meeting, we came to conclusion that dynamic PTM/PTP switch is supported for a split MRB bearer (type) with a common (single) PDCP entity. Chair noted that the below agreements are only based on architecture decisions so far. There are two architectures of common PDCP entity and separate PDCP entities are not decided yet. We think both of these two architectures should be supported:
Architecture 1: one can assume that in the mainstream supported architecture, PDCP acts as the deciding anchor for PTP and PTM dynamic switch. That is, a common PDCP entity is used in a DL split bearer type of Multicast Radio Bearer (MRB); with the two RLC entities for where one RLC bearer represents the PTM RLC bearer and the PTP RLC bearer respectively. Additionally, a single MAC or separate entity is used (c.f. split bearer). As a result, an MBS radio bearer (i.e., MRB) can be associated with a PTM leg only, PTP leg only, or both.
Example figures below.
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Architecture 2: In addition to a common PDCP entity, in [2] it is proposed to also support an alternative for where separate PDCP entities are used. In here, the MBS session can be configured with separate DRBs (PDCP entities) for which SDAP maps the QoS Flows for the MBS session to DRB. This alternative either does not support PDCP reordering/SN synchronization duplicate detection between DRBs (between PDCP entities).
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For Architecture 1, a common PDCP entity, the benefit is the PDCP SN alignment can be easier, since there is only one PDCP SN. But in order to ensure the reliability, the PTP leg RLC should be RLC AM mode, otherwise there is no meaning to introduce an additional leg. So we have three options for the function of this RLC AM leg:

Option 1a: this PTP RLC AM leg is used for simultaneous transmission with PTM leg. All PTM RLC PDUs are re-transmitted by the PTP leg. If so the transmission window may be stalled by the PTP leg, since there the RLC AM status report/re-transmission leads to the transmission delay compared to the RLC UM PTM leg. 

Option 1b: this PTP RLC AM is only used to be switched from PTM leg. If so, this is contradictory with previous agreement, that a MRB at least has a PTM leg. Furthermore, in LTE SC-PTM, the MRB in UE is established on its own, after monitoring the configuration in SC-MCCH. If a MRB with a single PTM is established by UE autonomously, and when PTM switches to PTP, then the MRB switches to DRB. 

Option 1c: this PTP leg is used for status report and RLC re-transmission. This makes PTP leg a complementary leg for PTM, which increases the radio efficiency and won’t stall the transmission window of PTM. In this option, the re-transmission is done by RLC layer. 
Option 1d: this PTP leg is only used for PDCP status report. If so, the re-transmission is issued in PDCP layer. in addition, the re-transmission can be PTM or PTP. If by PTM re-transmission, this PTP leg is a uni-directional UL RLC AM leg. 
For option 2, we think it is also worth to study it. If we have two separate PDCP entities, namely one DRB and one MRB, then we should have some configuration to associate the two PDCP entities, for example, in the configuration of DRB, there should be MBMS session information of the MRB, and the PDCP SN length should be aligned. But we also have the benefit that with two separate PDCP entities, the DRB can be configured independently, with different ROHC and security configuration. And the DRB can also be a complementary leg for MRB, when a new DRB is established, the PDCP status report can be used in the DRB to request the continuous transmission following by MRB transmission. 

We think both of these two options can be supported.

Proposal 5: RAN2 is kindly asked to study both of one PDCP anchor and separate PDCP entity architectures.
Option 1a: this PTP RLC AM leg is used for simultaneous transmission with PTM leg.

Option 1b: this PTP RLC AM is only used to be switched from PTM leg.

Option 1c: this PTP leg is used for status report and RLC re-transmission.
Option 1d: this PTP leg is only used for PDCP status report. 
Option 2: two associated PDCP entities, PDCP SN aligned by the association of MBMS session, etc. 
3   Conclusion

In this contribution, we discussed how to switch the PTP leg and PTM leg, especially the scenarios of PTM/PTP switch, network triggered or UE initiated. We have some observation and proposals which can maximize the radio efficiency and ensure the network can switch the UE from PTM to PTP to guarantee the reliability:
Observation 1: if the network has no intension to shut off PTM in the cell level, the UE can always be configured with PTM with no additional effort. PTP leg can be always configured for RLC status report so that the network can decide when to switch from PTM to PTP. 
Proposal 1: it is proposed to introduce a new MRB identity to identify a MRB.

Proposal 2: it is proposed to extend the legacy 32 DRB identity if DRB identity is re-used.

Proposal 3: the network should provide grouped switch method in case of PTM shut off scenario, instead of configuring all UE switch from PTM to PTP one by one. 
Proposal 4: the network can switch PTM to PTP up to implementation, e.g. UE measurement report.

Observation 1: if the network has no intension to shut off PTM in the cell level, the UE can always be configured with PTM with no additional effort. PTP leg can be always configured for RLC status report so that the network can decide when to switch from PTM to PTP. 
Proposal 5: RAN2 is kindly asked to study both of one PDCP anchor and separate PDCP entity architectures.
Option 1a: this PTP RLC AM leg is used for simultaneous transmission with PTM leg.

Option 1b: this PTP RLC AM is only used to be switched from PTM leg.

Option 1c: this PTP leg is used for status report and RLC re-transmission.
Option 1d: this PTP leg is only used for PDCP status report. 
Option 2: two associated PDCP entities, PDCP SN aligned by the association of MBMS session, etc. 
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