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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:  

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).

112-e
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 are to be supported in MAC for NR MBS.

111-e
For a UE, gNB dynamically decides whether to deliver multicast data by PTM or PTP (Shared delivery)
FFS which layer(s) handles reliability (in general), inorder delivery / duplicate handling, and it is FFS how it works at PTM PTP switch.


The following email discussion was defined to make progress about NR multicast PTM to PTP dynamic switch and related aspects of the MRB.
[Post113-e][054][MBS17] PTP/PTM dynamic switch and MRB type change (Ericsson)
	Scope: Based on the agreed architecture (only), discuss issues related to PTP/PTM switch. Discuss MRB type change (i.e. change between PTP+PTM, PTM and PTP), including the signalling needed for such switch/change, whether to / how to avoid packet loss during such switch/change. This discussion may include both non-HO and handover cases. 
	Intended outcome: Report
	Deadline: Long

In this document, we have collected a summary of input related to dynamic switch PTM/PTP and invite views from companies on those. The aim is to provide a high-level summary, proposals for discussion and possible agreement. 
The following schedule is suggested for this discussion: 
· Phase 1: Companies are invited to provide input, deadline 2021-03-26 1200 UTC.
· Phase 2: Comments to draft report summary and proposals, deadline is just prior submission deadline.
2	Background
The endorsed 38.300 running CR (at time of writing) contains the following definitions for PTM and PTP and also a text on the RLC entities: 
For multicast service, gNB may deliver MBS data packets using the following methods:
-   PTP Transmission: gNB individually delivers separate copies of MBS data packets to each UEs independently, i.e. gNB uses UE-specific PDCCH with CRC scrambled by UE-specific RNTI (e.g., C-RNTI) to schedule UE-specific PDSCH which is scrambled with the same UE-specific RNTI. 
-   PTM Transmission: gNB delivers a single copy of MBS data packets to a set of UEs, e.g., gNB uses group-common PDCCH with CRC scrambled by group-common RNTI to schedule group-common PDSCH which is scrambled with the same group-common RNTI. 
A gNB node dynamically decides whether to deliver multicast data by PTM or PTP for a given UE based on the protocol stack defined in section16.x.3.
…
For multicast session, the UE may be configured with two RLC-UM entities for an RB: one RLC entity is used to receive data using PTP transmission, and the other RLC entity is used to receive data using PTM transmission, as described in section 16.x.5.4. And the UE may be configured with one RLC-UM or RLC-AM entity for an RB for multicast session, which can be used to receive data using PTP transmission. Alternatively, the UE may be configured with one RLC-UM entity for an RB for multicast session, which can be used to receive data using PTM.
Security is not part of this email discussion to align with the current assumption: “In general: RAN2 wait for SA3’s progress for discussing security issues. TBD whether we need to send LS to SA3”
3	Anchor for dynamic switch
From the email discussion for capturing the status of agreements in Stage 2 [R2-2102503], it has been agreed that for a multicast session, the UE may be configured with two RLC-UM entities for an RB: one RLC entity is used to receive data using PTP transmission, and the other RLC entity is used to receive data using PTM transmission. Correspondingly for a multicast session, the UE may thus be configured with one RLC-UM or RLC-AM entity for an PTP multicast RLC bearer, one RLC-UM entity for an PTM multicast RLC bearer, or a bearer type with a combination of those. 
In previous discussions [R2-2009337] 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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Another variant in PTM to PTP switch is using RLC-level switch, which has been described in e.g. R2-2101758. Here it is assumed that a single RLC entity can cater for providing SDUs for scheduling over PTM or PTP. It should be noted that this option may need to be discussed if RAN2 decides on supporting a protocol architecture with a single RLC entity (RLC bearer), e.g. in cases for where the same RLC mode is used for both PTM and PTP. This would be additional to the agreed PDCP anchored switch. As no agreement yet exist to this detail, this option is not pursued further awaiting more progress in RAN2.

In addition to a common PDCP entity, R2-2101373 and R2-2101605 proposes 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), and may need new functionality in SDAP [R2-2101605]. The PTM/PTP switching is performed through e.g RRC signalling.

In summary, the options at hand for the bearer types supporting dynamic switch are:
1.	A split bearer (type) with a common (single) PDCP entity;
2.	In addition to 1, a DRB (type) of configuration with separate (per DRB) PDCP entities is supported.
If needed for relevance to company input, please include assumption on MAC (single/separate entity) in responses for the discussion

Companies are invited to provide their view on the technical feasibility of the above 2 options. 
	Company
	Comments

	MediaTek
	In case of a common (single) PDCP entity, we think there are two Radio Bearers, one is PTM RB and the other is PTP RB, when one MBS radio bearer (i.e., MRB) is associated with a PTM leg and a PTP leg, since these two legs provides transmissions corresponding to different level of QoS. In this case, we assume one MRB is mapping to one PTM RB and one PTP RB.
Specific to 2, we see there is a negative point considering the reverse switch from PTP to PTM for a particular UE during the dynamic switch, since it requires the UE specific PDCP entity to coordinate with the common PDCP entity shared all of the interested UEs, which may lead to difficult to meet the service continuity requirement.      

	Samsung
	If we support the common PDCP, any other common anchor entity, e.g. common SDAP is not necessary.
We think non-split MRB is necessary, since NW may not want to configure two RLC entities. In this case, an MRB with one PDCP entity and one RLC entity can be considered, as follows:
· One PDCP and one PTM RLC (UM)
· One PDCP and one PTP RLC (either UM or AM)
In This case bearer type change by RRC signalling may be needed.
Regarding single/separate MAC issue, RAN2 agreed to focus on NR SA in RAN2#111-e. We think we can assume NR SA here, and other cases can be discussed later.
Focus initially on NR SA, TBD to what extent other scenarios NR DC, NE DC can be supported. 


	CATT
	We think both option 1 and option 2 should be supported.
In option 1, reliability can be guaranteed by PTP leg so RLC AM in PTM leg can be precluded.
Option 2 should be a basic protocol architecture considering 3 aspects: 1) supporting low capability MBS reception UEs; 2) for MBS service with relaxed QoS requirements or UEs within stable good channel condition, PTM leg is enough; 3) it is applicable to idle/inactive UEs too.
Regarding the term “DRB(type)”, we understand the majority view is that the MBS session is always associated to MRB. So option 1 can be called as spilt MRB, and option 2 can be called as non-split MRB.

	Kyocera
	Regarding Option 1, we think RAN2 already agreed in “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).” Also, we think Option 1 is very similar to the existing split bearer for MR-DC. So, we think it’s technically feasible with relatively less standardization efforts. 
Regarding Option 2, we assume SDAP layer should have the new functions combining the packet received via two PDCPs (i.e., two legs), discarding duplicate packets and reordering. Also, these needs SN (sequence number), but it’s not in the current SDAP Data PDU header. So, we think it’s technically feasible with big standardization efforts. 
We agree with Samsung that NR SA should be discussed first, and other cases can be discussed later. 

	NEC
	We think both of these two options can be studied.
For option 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. 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. 
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. 

	OPPO
	We tend to agree to have anchor PDCP based L2 architecture and no need to introduce anchor SDAP based L2 architecture for MBS due to workload in standardization.
However, we believe that the newcomer UE from other cell should not impact the PTM transmission for one MBS service in handover case. We are not sure how to deliver the forwarding data from source cell based on the anchor PDCP for both PTM an PTP in target cell. We are also not sure whether target PTP(AM) during handover will configure separate PDCP for handover from PTP(AM) to PTP(AM) case as discussed in [R2-2100133].

For MAC entity issue, 
· we think PTM and PTP will share the same MAC entity from UE point of view.
· We think PTM and PTP will not share the same MAC entity from gNB point of view.

We are no sure whether shared MAC entity in gNB side will results in same MAC configuration among all UEs in one MBS group.

	ZTE
	1. Anchor layer option 1 is preferred. It adopts the legacy architecture for split RB where a common PDCP entity is maintained and associated with two RLC legs. Moreover, it may provide the possibility to minimize the data loss during switching bearer types if PDCP status reporting could be enabled in this case.
2. Anchor layer option 2 is simply not needed considering the benefits PDCP as the anchor layer has brought. We dont need two layers doing the same thing and we dont see anything particular that can only be done in SDAP layer.
3. MAC entity. As Samsung pointed out, lets focus on the SA arch first.

	Huawei, HiSilicon
	First, the split MRB bearer type should be supported, which has already been agreed and captured in stage-2 CR. 
Secondly, we think the solution proposed in R2-2101373 is not a SDAP based dynamic switch (i.e., one SDAP entity associated with two MRBs, i.e., two PDCP entities and two RLC entities), but a RRC based semi-static switch (i.e., a single MRB with a single PDCP entity and a single RLC entity, which can be reconfigured by RRC between PTP and PTM). That is what has been mentioned in Samsung’s comments above, and this is what we think can be further studied but not for dynamic switch.
Regarding the number of MAC entities, we agree with most of others that NR standalone architecture should be discussed first. The support of MR-DC has a lot of RAN3 impacts, and RAN3 has agreed to “First focus on standalone (i.e. non-MR-DC) scenarios”.

	Futurewei
	Both options, i.e., split and non-split bearer, should be supported.
It’d be better to describe the protocol structure from UE perspective (i.e., the arrows point from MAC to RLC to PDCP to SDAP in the example figures), and to focus on the PDCP receive operation during bearer type switch between split and non-split MRB/DRB. The coordination of PTM PDCP and PTP PDCP entities at network side (for different UEs) is left to network implementation.
One MAC entity principle should be maintained in NR SA scenario.

	QC
	Both option 1 and 2 are feasible to support. 
1) Common PDCP associated with 2 RLC legs (PTM and PTP RLC legs) need to be supported and is independent of PTM RLC AM discussion. In our view, common PDCP based PTM/PTP RLC legs is not meant for PDCP level re-transmission for L2 reliability but to support use case like loss-less HO, UEs which are not in multicast beam coverage can be better served by unicast beam by switching from PTM leg to PTP leg (i.e., not for PDCP level re-transmission purpose) etc. Having common PDCP architecture helps to avoid packet loss during PTM/PTP switching. As configuration choice, it should be possible to have PTM only, PTP only, PTM + PTP and ability to activate/deactivate RLC legs for a given UE.

2) Option 2 (semi-static switching based on RRC signaling) can be used for cases like UE HO from source MBS cell to target non MBS cell, while UE is in source cell, NW may need to switch from shared MBS session (mapped to MRB) to associated unicast PDU session (mapped to DRB). For this case, we may need to switch from MRB to DRB associated with different PDCP entities. But with this option, it is challenging to support loss-less switching between MRB and DRB switching.

    3)  RAN2 agreed to focus on NR SA. So, lets focus on single MAC only. 

	Nokia
	Focus should first be laid on Option 1. Going into more details:
Split-bearer
· When PTP leg is configured, the network can transmit data on the PTP leg at any time, i.e. no activation/deactivation of PTP leg is needed.
· When both PTP and PTM legs are configured, then the switching is a pure scheduling decision, unless PDCCH processing is controlled (see subclause 7).
· 3 configurations are possible: PTP only, PTM only, PTP + PTM. Baseline mechanisms for switching between these configurations is an RRC reconfiguration.
· Modelling question: do we consider PTP only as MRB? In our view, yes as also in this case, special care needs to be taken to ensure service continuity (e.g. PDCP COUNT Sync).
Multiple bearers: Not clear how switching and mobility can work without any synchronization between the PDCP entities i.e. common PDCP entities.

	LGE
	We think that option 1 (single PDCP entity) is feasible. We share Kyocera’s view regarding option 1. 
We are negative on feasibility of option 2 (separate PDCP entities), and those radio bearers can be called as MRBs because they’re associated to an MBS session in option 2. We think that option 2 has issues of remapping the MBS QoS flows/MBS session to another MRB during PTM/PTP switch and additional reordering/PDCP SN synchronization during PTM/PTP switch as mentioned by rapporteur.
Regarding single/separate MAC entity, we can focus on NR SA as Samsung commented.

	vivo
	[bookmark: OLE_LINK2][bookmark: OLE_LINK1]For option 1, it should be prioritized since it had been agreed to be supported for the case that both PTM and PTP are RLC-UM. For simplicity, we prefer to have a unified solution for all the potential use cases. Technically, the common PDCP architecture is beneficial for the handling of in-order delivery, duplication detection, and data recovery during PTM/PTP switching.
For option 2, of course, it is feasible from the technical point of view. However, SDAP has no way to guarantee reliable transmission (e.g. no support of in-order delivery and duplication detection ). This option may be only applicable for the low-reliability case. Otherwise, new functions may be needed for the SDAP layer, which requires a lot of normative work and verification tests.
Regarding the issue about single/separate MAC entity, considering that separate MAC entities require complex DC capability, it is suggested to focus on a single MAC entity framework firstly as per the current agreement.

	Sony
	We think option 1 is implicitly agreed by RAN2 already and not sure about the need for option 2 at this stage. 
Regarding MAC, we think both options require some work to be done and we have no strong preference. 
Regarding split RB model, we think UE should not be required to monitor both PTP and PTM legs simultaneously.

	TCL
	Option1 has been captured in stage-2 CR implicitly, and option 2 require a lot of extra standization efforts due to SN synchronization, etc., so option 1 is preferred. 
Regarding MAC we share the same view with majority companies that SA should be focused at this stage.

	Sharp
	For option 1 that PDCP as anchor, supporting a split bearer with a common PDCP entity was already agreed in the RAN2#113e (at least for the case both legs are RLC UM). In addition to the agreement, we think RLC UM for PTP and RLC AM for PTP model for a split bearer with a common PDCP entity should be supported.
For option 2 that SDAP as the anchor, considering we already agreed PDCP should be act as an anchor for some case, supporting SDAP as an anchor will make the system more complicate. In addition, for option 2 the latency may be an issue when RRC signalling is used to perform the switching.

	Spreadtrum
	We prefer the option1.
In option1, the common PDCP is associated with a PTM leg and a PTP leg. The reliability can be guaranteed by transmission via PTP leg or simultaneous transmission via the PTP leg and PTM leg. The common PDCP entity can realize the duplication and discarding easily. The PTP and PTM switch can be triggered by the MAC CE which is faster than RRC signalling in option2.
Reagarding the option2, it is hard to accomplish the lossless switching between PTP and PTM leg due to the lack of discarding and reordering functions in SDAP layer. 
Regarding single/separate MAC entity, we should focus on NR SA in this release.

	Xiaomi
	It seems that Option 1 is already an agreed architecture according to the last RAN2 meeting agreements.
We think that Option 2 should be deprioritized, as the architecture would require extra standard efforts on the PDCP SN alignment between different PDCP entities, so as to allow the in-order delivery and retransmission during handover.
Regarding the single/separate MAC entity, we would like to follow the majority views. However the WID (as quoted below) of the NR MBS already includes the support of the DC architectures, which allows more flexible implemention (e.g. group-scheduling via only SgNB).
· Architecture: it is the one in Figure 4.1-1 in TR 23.757 v0.2.0: High level MBS architecture, with the further restriction that only NR in NG-RAN (i.e. connected to 5GC) is considered as RAT. Consequently, in addition to in NR SA, there should be no reasons preventing the use of the feature standardized in this WI in case of MR DC configurations in the MCG when the MN is a gNB (NE-DC, NR DC).


	Fujitsu
	As Kyocera pointed out, Option 1 is already an agreed architecture, which should be prioritized compared to other architecture.
contact person: ohta, yoshiaki <ohta.yoshiaki@fujitsu.com>

	TD Tech&Chengdu TD Tech
	We support option 1 with the following comments.
1. Option 1 can be the default RB configuration for the dynmic PTP and PTM switching, which means the PTP and PTM bearers have the same PDCP entity for each RB generarted by the common SDAP entity and each PDCP entity is connected to the two independent RLC entities with one for the PTP bearer and the other for the PTM bearer. 
1. Although both the PTP bearer and the PTM bearer are configured defaultly, only the activated bearer can be used to send the MBS data. Furthermore, at least one bearer is activated by gNB.
1. Optionally, gNB can suppor the following configuration:
0. only configure the PTM bearer
0. only configure the PTP bearer
when only one bearer (PTM/PTM bearer) is configured, this bearer is by default activated.

	Intel
	We’d like to note that whether to support single RLC entity based PTM/PTP switching (as in R2-2101758) depends on RAN2 progress on UP architecture. 
Regarding the two options listed for discussion, we think option 1 is feasible. For Option 2, our understanding is that this option is not an agreed UP architecture, and we should wait for further progress in RAN2.
Regarding single vs. multiple MAC entity, we agree with Samsung that according to previous RAN2 agreement, we focus on NR SA with single MAC entity for now.

	CMCC
	For option 1, we think it should be supported, considering its benefits of reducing data loss in PTP/PTM switch and HO scenarios, and it was agreed in the last meeting. Besides, other RLC modes based on option 1 could be further studied as summarized in last meeting.
For option 2, in our opinion, solution described in R2-2101373 is different from R2-2101605, which is more like semi-static switch/configuration as mentioned by Samsung and Huawei, which is not conflict with option 1. But if option 2 means solution mentioned in R2-2101605, we think it should not be supported, at least deprioritized, since there could be more specification impact considering the synchronization issue in mobility and switching scenarios.
Regarding to single/separate MAC entity issue, we should focus on SA with single MAC entity first.

	Lenovo and Motorola Mobility
	Option 1 is preferred since anchoring at the same PDCP entity makes it easier to ensure service continuity when dynamically switching between PTP and PTM. 
And if RAN2 is going to support option 1, we don’t see the need of option 2, which does not provide any additional benefit. Actually, we understand SDAP based PTP MBR and PTM MRB swith more as a procedure to reconfigure the MRB between PTP type MRB and PTM type MRB.

	APT
	An agreement has already been made in RAN2#113e to support the configuration of a PDCP anchored PTP-PTM switching architecture. Hence, from our understanding, option 1 has been covered in this agreement, and we should follow what has been agreed. Moreover, for option 1, the reliability can be guaranteed by PTP PTM switching. Hence, RLC AM in PTM leg can be precluded at least in this release.
Regarding option 2, if the intention is to configure SDAP as the anchor, we think it is not necessary to have different solutions to serve the same purpose. It will be simpler to only have option 1 to reduce the impacts on the SPEC. However, semi-static switching based on RRC signaling may need to be considered as mentioned by other companies.
Regarding the single/separate MAC entity, we shall first focus on NR SA scenario.

	Convida Wireless
	In our view, both options are technically feasible.
Option 1, is already agreed to be supported based on the latest RAN2 agreements from RAN2 #113b, at least for the case that the two legs are RLC-UM. We also feel that other potential cases should also be supported, namely RLC-AM for the PTP leg and RLC-UM for the PTM leg. This will be useful for MBS services requiring high reliability
In our view, Option 2 is a default scenario, and does not conflict with support for Option 1. As highlighted by the rapporteur, the MBS service may be delivered to a UE using any number of radio bearer types: DRB via PTP, MRB with split bearer, or MRB via PTM. The gNB should be allowed to semi-statically (re)configure the radio bearer, if necessary. The need for service continuity and lossless switching should be FFS.
Regarding single/separate MAC entity, our preference would be to focus on NR SA in this release.

	Apple
	Option 1 is the split-MRB model, and in our understanding it has been agreed in last RNA2 meeting. 
For Option2, actually in R2-2101373 is different from R2-2101605. our view is to focus the non-split MRB, and the PTP and PTM swiching is based on RRC signaling. For the switching procedure, we think we can reuse the handover/mobility procedure on the PDCP layer. We donot intend to introduce any SDAP enhancement. 
About the MAC entity, in non-DC case, we think the single MAC entity will be used for the PTP and PTM transmission but the logical channel for PTP and PTM transmission should be different and the RNTI for the scheduling should be different. 

	Interdigital
	Option 1 is our preferred architecture, and it (almost) comes for free with the split bearer architecture which has been in 3GPP for quite some time now. 




Summary: Based on the agreed bearer model using a split bearer (type) with a common (single) PDCP entity, companies agree that this option is feasible to assume for dynamic switch. The majority assumption is that this is also true for a configuration for where a PTP leg (RLC bearer) is configured with RLC AM. In addition, companies do not see that for dynamic switch, a model using two PDCP entities is either necessary in addition, or can be useful for dynamic switch without additional functionality at PDCP and/or SDAP, additional work to support mobility etc. 
For semi-static/static bearer configuration change (“switch”) for MBS, some companies assume that it should be possible to reconfigure through RRC the bearer (MRB) constellation: PTM only, PTM+PTP, or even PTP only (e.g. latter using a DRB). 
Companies expect to limit to the agreed scope NR SA, single MAC entity and the proposals from here on are limited to that assumption for now (as was the original intention).
[bookmark: _Toc68161770]Dynamic PTM/PTP switch is only supported for a split MRB bearer (type) with a common (single) PDCP entity.
[bookmark: _Toc68161771]FFS if RRC based, semi-static bearer change is supported and optimized for where separate PDCP entities are used.
[bookmark: _Toc68161772]FFS dynamic PTM/PTP switch for other user plane protocol architecture(s), if agreed by RAN2.

4	Triggers for PTM/PTP Switch
At RAN2#111 it was decided that the gNB dynamically decides whether to deliver multicast data by PTM or PTP. In this clause the rapporteur would like companies to think a bit on how the gNB makes this decision. R2-2100173 proposes to leave the decision to switch to the gNB implementation as baseline, which goes well in line with not specifying gNB behaviour. However, the rapporteur wonders what information the gNB will base this decision on. R2-2100173 further proposes that one trigger can be the need of reliable multicast transmission. R2-2101317 proposes that the UE can provide assistance information to the gNB with details FFS. 
What additional information, if any, is needed in the network to make an informed decision to switch between PTP and PTM?
 
	Company
	Comments

	MediaTek
	The decision to switch can be up to the gNB implementation as baseline. 
However, from reliable multicast transmission perspective, this discussion may depend on the decision on the L2 UP architecture and anchor layer as discussed last meeting based on the offline email led by RAN2 chair.
According to the agreement made last meeting (A1+B1), where PTP RLC mode is configured as RLC-UM, we assume there are L1 HARQ feedbacks or PDCP feedback (i.e. SR) from the receiving UEs to the network. Based on the feedback, the network may enable PTM/PTP switch at PDCP layer (i.e. PDCP anchored PTM/PTP switch). For normal data transfer, the reliability is handled by L1 for multicast services. The switching is expected to perform from PTM to PTP (i.e. unicast) for multicast transmission if the link quality gets bad and vice versa.
Additional discussion can be further taken for this issue when e.g. A1+B1 is also agreed for the case where PTP RLC mode is configured as RLC-AM.  	.       

	Samsung
	We think implicit switch by gNB implementation is sufficient.
The decision may be based on 
1) number of UEs receiving the service
2) receiving UE’s location and link quality.
3) reliability status (#of HARQ retransmission, latency etc.)
4) reliability requirement of the service
But we do not think any new information should be additionally delivered to gNB.

	CATT
	For one UE, gNB decides to switch between PTP and PTM based on transmission reliability information (such as L1 feedback, PDCP status report), and UE’s location (in coverage of PTM or not). They can be performed based on current parameters.
Moreover, gNB can decide PTP to PTM switching according to UE numbers. For multicast, gNB knows this information already.
So we don’t think any other information such as UE Assistant Information is needed.

	Kyocera
	We’re wondering if it needs to further discuss what the “switch” means, e.g., whether it’s a kind of one-shot event (e.g., sending a switching command) or includes multiple steps (e.g., deactivating one leg after activating another leg.) Because the decision points are different by cases, thus the needed information may be different.  
For PTMPTP switch, in general, we think the UE in Connected is configured with the measurement reporting and the gNB knows MCS of PTM transmissions. HARQ feedback and some feedback from a L2 ARQ (if introduced) can be also used as input for the decision. In this sense, in typical cases, the gNB can predict whether the UE can receive PTM-leg successfully and may decide to switch to PTP-leg, if it notices the QoS requirement of multicast session cannot be fulfilled.  However, in some cases, the UE may fail to receive PTM-leg due to e.g., rapid fading and prefer to be switched to PTP-leg in order to meet a “higher” QoS requirement of multicast session. In this sense, the UE assistance information would be helpful to request the gNB to activate PTP-leg. 
For PTPPTM switch, we think the gNB may make sure if the UE can start receiving PTM-leg successfully before either it decides to switch to PTM-leg or to deactivate PTP-leg. We think the same observations above can be basically applied as well. 

	NEC
	We can have two options for the trigger of switch between PTP and PTM:
Option 1: gNB triggered. This can be up to the gNB implementation. 
Option 2: UE triggered. 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.

	OPPO
	For PTM/PTP switching triggers, gNB can decide based on inputs from UE side or inputs from gNB side, e.g.
· PTM/PTP switching indication from UE;
· CSI report from UE;
· PDCP status report from UE;
· HARQ ACK/NACK feedback from UE;
· UE number in MBS from gNB side;


	ZTE
	For reliable Multicast reception, some kind of reception quality has to be fed back to network to enable an accurate and timely switch. Such feedback can be L1 HARQ feedback or higher layer feedback. Based on current RAN1 progress, we know that such feedback can be optional and only non-UE specific (NACK-only), therefore we suggest having:
- network controlled higher layer feedback to support reliable multicast reception.
Besides the elaborate factors listed by companies, some other information from UE may need to be taken into consideration by network, for example: 
- the priority of interested MBS services may affect gNB's decision (when PTP resources are limited)
- the capability and interested/preferred mode for PTP and PTM of one specific UE or MBS might also affect gNB's decision.

	Huawei, HiSilicon
	We agree with others that this decision is very much a gNB implementation and can be different for different implementations. One example for such implementation can be based on CSI reporting/HARQ feedback of each UE and QoS requirements (reliability and latency). Based on CSI reporting from UEs of the same multicast group, gNB will make the scheduling decision, and if the gNB finds that it would become less efficient if the G-RNTI group scheduling involves a specific UE (e.g. when the UE is not covered by a beam which can cover other UEs), or the G-RNTI scheduling and its retransmission would not be able to meet the QoS requirement for a UE (e.g. when the UE is in the bad coverage of a beam to be scheduled for G-RNTI transmission), the gNB may switch to PTP scheduling for this UE based on C-RNTI and other unicast data can be scheduled together.

	Futurewei
	The switch is done by gNB implementation to achieve better efficiency in serving the MBS application. gNB may take into account the number of active UEs, their channel conditions, etc.
PTM and PTP are delivery modes of a bearer, and should not impact the QoS requirement of a radio bearer. That is, whether PTM or PTP is used, the same level of QoS requirement should be maintained on the radio bearer.

	QC
	As we mentioned for Q1 response, PDCP level switching between PTM/PTM RLC legs is meant to serve UEs which are moving in and out of multicast beam coverage. PTM/PTP dynamic switching is not necessarily meant to provide L2 PDCP re-transmission for reliability discussion.
Dynamic switching between PTM/PTP may not happen very frequently for each PDCP PDU transmission and decision of switching can be based on gNB implementation by taking Multicast UEs CSI feedback, measurement reports, HARQ ACK/NACK feedback (not by using NACK only based feedback, which is still under RAN1 discussion), L2 feedback into account. 

	Nokia
	Assuming split bearer operation, no additional information is needed in addition to the number of receiving UEs, L1 measurements and HARQ feedback (pending RAN1 input). For RRC reconfiguration to add/configure PTM, we assume the decision to be based on the number of UEs.
An implementation should be able to make a decision to activate or deactivate PTM reception for some or all UEs at least based on:
· Number of UEs (e.g. activate/deactivate PTM for all UEs);
· L1 measurements (i.e. CSI) and HARQ feedback.

	LGE
	We think that PTM/PTP switching can be supported by gNB implementation. gNB can take a number of UEs, UL feedback and channel quality which can be provided in RRC_CONNECTED into account.

	vivo
	For PTM/PTP switching triggers, the following information can be used for gNB decision, which has been agreed in the RAN3#110e meeting
· UE individual feedback on reception quality;
· The number of joined UE;
· MBS QoS requirement.
Additionally, we think the result of CSI/CQI/PMI reporting can be taken into account. Anyway, we think this topic is out of RAN2 scope. It is supposed to leave it to RAN3.  

	Sony
	We also share the view that the decision should be upto gNB implementation. It could be based on many factors and RLC/HARQ feedback (if available). Feedback on PDCP should be discussed separately.

	TCL
	The decision should be left to gNB implementation which could be based on UE numbers, QOS, L1/L2 feedback etc.,. But other assistance information such as switching indication from UE is not necessary. 

	Sharp
	The decision can be made up to gNB implementation. We think additional information from UE would not be necessary.

	Spreadtrum
	The switching decision is up to the gNB implementation. The following existing information can be used:
· Number of UEs receiving the same MBS service via PTP;
· UE report including the measurements and/or HARQ feedback.
· MBS Qos requirement;
No additional assistance information is needed.

	Xiaomi
	The decision can be left to the gNB implementation. As mentioned by many other companies. The gNB can take into account many aspects (e.g. radio condition, cell load, number of UEs and so on.) 

	Fujitsu
	As pointed above, the decision should be a gNB implementation and can be different for different implementations. The gNB can have sufficient information e.g. CSI reporting, SRS, HARQ ACK/NACK, RLC statsu report, measurement reporting, and so on.

	TD Tech&Chengdu TD Tech
	We have the following suggestions.
1. The PTP/PTM switching command is made by gNB based on the related information as listed below:
· BLER of PTP/PTM bearer ( from L1 or MAC layer)
· RLC AM status reporting of UE (RLC layer)
· PDCP status reporting of UE (PDCP layer)
· CSI reporting of UE, measurement reporting of UE (RRC layer)
· Other related informations
1. The PDCP entity is the actor of the PTP/PTM switching command. 
1. The PTP/PTM switching command can be made:
· Option 1: in RRC layer with the related information from the other layers, and the command is sent by the RRC layer to each related PDCP entity.
· Option 2: in PDCP layer with the related information from the other layers
· Optoin 3: each layer can make the PTP/PTM switching command based on the related information of its own and the command is sent to the PDCP layer. 

	Intel
	No additional information is needed. Network implementation can made the decision based on e.g. QoS/QoE requirements and existing RRM measurements.

	CMCC
	We share similar view with other companies that it could be a gNB implementation, based on at least one of the following factors: UE feedback(HARQ feedback and/or L2 feedback, if supported), UE location and UE number in the gNB. Also, considering HARQ feedback maybe a group feedback, some other UE specific indication/request could also be considered to decide which UE should be switched.

	Lenovo and Motoroal Mobility
	Similar view as many other companies that the dynamic switch between PTP amd PTM for the same MRB and even the MRB type change between PTP-only, PTM-only, PTP-and-PTM are upon gNB implementation. gNB may make the decision on information such as the MBS QoS requirements, number of UEs, L1/L2 feedback etc. 

	APT
	From our perspective, we think it is up to the network’s decision to perform PTP PTM switching.
Some existing information could assist the network for decision making (e.g., L1 measurement report, HARQ ACK/NACK, RLC status PDU, PDCP status report, etc.). Moreover, we think the UE could also provide some additional assistance information, e.g., switching indication request, to the network.
In addition, to support NW making a decision to activate/deactivate PTM reception, counting the number of UEs currently receiving the MBS data could also be benefitial. 

	Convida Wireless
	We share the view that the decision should be a gNB implementation decision. The decision may be based on information already know to the gNB (number of UEs that have joined the service, UE location, UE feedback (HARQ and/or L2 feedback), link quality). At this point, it may be too early to decide whether any additional assistance information is needed, and so we would recommend leaving this as FFS. However we do feel that a UE indication may be useful in certain cases, for example in cases where a UE has low uplink activity. 

	Apple
	We share the view that it’s up to gNB implementation to decide the PTP and PTM switching. And following information should be considered as the input for gNB to make the correct decision:
· L1 and L2 feedback based on PTM transmission, e.g. HARQ ACK, PDCP status report;
· UE feedback on the current radio quality, e.g. L1 CSI reporting or the RRM measurement report; 
· UE request on the PTP link for the MBS transmission. 

	Interdigital
	If the UE is monitoring both the C-RNTI and G-RNTI, then implicit switching based on gNB implementation can be used. However, in some cases it may be desirable to have the UE not monitor the G-RNTI all the time (e.g. for power saving), and in those cases, explicit signaling from the gNB may be required (i.e. from PTP back to PTM).



Summary: It is companies opinion to confirm leaving the decision to dynamically switch to gNB implementation. For the gNB decision itself, the is no clear use or example for new information or trigger apart from the information assumed to be already available, e.g. HARQ, CQI, load and so on. Pending the discussion on L2 reliability, the prosal from Rapporteur is to have this as a baseline.
[bookmark: _Toc68161773]As a baseline, no new UE based signalling is introduced to support gNB switch decision.
5	Service Continuity for PTM/PTP switch
One of the assumptions for MRB dynamic switch between PTM and PTP legs is to provide service continuity and no loss of data. As agreed, it is up to the gNB to decide whether to deliver a multicast QoS flow(s) for a group of UEs using PTM or PTP. Hence, for a dynamic switch between PTM and PTP, one of the key requirements may result in that functionality is needed to ensure lossless service continuity in a given cell. Alternatively, this can be left to NW implementation.
For PDCP level service continuity, packets delivered by using PTM need to be consistent with the packets delivered using PTP to a specific UE. Several contributions address problems related to this and solutions to resolve this are e.g. status reporting, autonomous retransmission, duplication (parallel transmission over PTM/PTP), LCH aggregation etc.
Should lossless PTM/PTP switching be supported and if yes, give an example mechanism to avoid losses if needed?
	Company
	Comments

	MediaTek
	Yes, we think lossless PTM/PTP switching should be supported to ensure service continuity. Example solution could be that there is aligned SN allocation based on the assumption that there is a common PDCP entity, and then during the switch, retransmission can be triggered for non-successfully delivered PDCP packets.         

	Samsung
	Lossless can be supported in best effort manner
- PTP RLC-AM
- Duplication via PTP and PTM
- HARQ retransmissions via PTP/PTM with HARQ feedback (already agreed in RAN1)

	CATT
	For the MBS service with high reliability requirement, PTM/PTP switching is used to avoid data loss. In this case, lossless should be supported during PTM/PTP switching. 
For the split-bearer with PDCP anchor, gNB can: 1) retransmit data in PTP leg according to HARQ feedback or PDCP status report; 2) transmit duplicate packet in PTP leg for the UEs in bad channel condition by gNB implementation.

	Kyocera
	Yes: we think the lossless PTM/PTP switching should be supported. 
We believe RAN2 only agreed the PDCP-anchored PTM/PTP switching so far, so the example below just assumes this architecture. 
For PTMPTP switch, we think PTP-leg should compensate the missing packets that the UE failed to receive via PTM-leg. After activation of PTP-leg, the UE may send PDCP status report via PTP-leg, and the gNB retransmits the missing PDCP SDUs to the UE via PTP-leg. PTM-leg can be deactivated at or after activation of PTP-leg. Note that if PDCP status report cannot be reused for this purpose, we wonder if a similar PDCP Control PDU may be specified. 
For PTPPTM switch, we think PTP-leg should compensate the missing packets as well. At or after activation of PTM-leg, the UE may send PDCP status report and the gNB performs retransmissions as well. If needed, PTP-leg can be deactivated after the UE starts receiving PTM-leg successfully. 
We don’t assume PDCP packet duplication itself, but we think the UE can simultaneously receive both PTM-leg and PTP-leg for a certain period, in order for smooth/lossless PTM/PTP switching. 

	NEC
	We agree to support PTM/PTP switch during mobility. If there is only one PTM leg for the UE before handover, the network can configure a PTP leg for the UE to trigger handover.

	OPPO
	RAN2 agreed to support lossless handover for high Qos requirement MBS. For this kind of MBS service, lossless PTM/PTP switching should also be supported.
In order to reduce the data loss, events can be defined to trigger PDCP status report, e.g.
· PTM and PTP switching is triggered.
· RSRP is lower than one configured threshold.


	ZTE
	Yes, and it can be network decision whether it is applied for specific service, e.g., based on the QoS requirement. PDCP SR and duplication reception from both PTP & PTM can be the solution to support lossless switch.

	Huawei, HiSilicon
	We think lossless in this case is to avoid unnecessary data loss due to PTM/PTP switch, e.g. packets scheduled by PTM which are still over the air will be lost if the UE is switched to PTP transmission. For PDCP anchored dynamic switch, the gNB should be able to use PTP leg to avoid data loss due to PTM/PTP switch and additional mechanism can be further discussed to assist the network to use PTP leg compensate the lost data during switch (G-RNTI deactivation), and for RRC based switch, this is similar to the handover case, and lossless can be supported based on PDCP status reporting and PDCP retransmission when switched from PTM to PTP, but it might not be useful when switched from PTP to PTM.

	Futurewei
	Similar to R15/16, a principle could be data loss should be avoided for AM bearer.
This is achieved by RLC AM, when PTM/PTP switch doesn’t involve bearer type change between split and non-split bearer, or if bearer type change can be done by add/release RLC entity without RLC reestablishment.
If PTM/PTP switch involves RLC reestablishment, e.g., between split and non-split bearer, the baseline can be to use data recovery procedure to avoid data loss.

	QC
	Yes, loss-less dynamic PTM/PTP switching to be supported to avoid loss of data. If both PTM and PTP legs are configured and UE is actively monitoring both G-RNTI and C-RNTI then in this case switching is transparent manner. 
If only PTM leg activated and gNB decides to perform PTM-> PTP switching and gNB decides to deactivate PTM leg and activate PTP leg, in this case to avoid loss of data during switching, it is desirable for gNB to configure a trigger for UE to send PDCP Status Report to avoid loss of data and to avoid any duplicate re-transmission after switching. (Refer: 2100321). 

	Nokia
	This only makes sense if PTM alone itself can be lossless. But since this is not agreed, the switch should only aim at minimising losses, which can be achieved – as other have commented – with PDCP COUNT synchronisation, duplication, HARQ and also RLC AM on the target PTP leg.

	LGE
	We think that it is sufficient to support successive transmission of packets in terms of PDCP SN, and lossless PTM/PTP switching cannot be supported in the strict sense. 
When a PTM/PTP switch is decided at PDCP SN=N, transmission of successive packets of SN > N can be guaranteed by allowing overlap of PTM transmission and PTP transmission during switching. Packet losses can be reduced by using both PTM and PTP during switching.
In addition, if PDCP SR and retransmission can be used for reliability and mobility, we think that the functionality can be used for reducing packet losses during PTM/PTP switching, too.

	Vivo
	For service with high-reliability requirements, lossless PTP/PTM switching should be supported. To achieve this, we think PDCP SR should be triggered when PTP/PTM switching is performed.

	Sony
	Yes, lossless should be supported as an option and based on common PDCP.

	TCL
	Lossless switching should be supported. PDCP SR and duplication reception from both PTP & PTM can be potential solutions. 

	Sharp
	Yes, lossless switching should be supported. It could be realized by PDCP status reporting at the switching. In order to make this possible, COUNT value should be synchronized between UEs and gNB.

	Spreadtrum
	Yes, for service with high-reliability requirements, lossless PTP/PTM switching should be supported.
The possible mechanisms:
- PTP RLC-AM
- simultaneous reception via PTM leg and PTP leg.

	Xiaomi
	We think that the loss-less switching between PTP and PTM should be supported. And the retransmission can be done at the PDCP layer via the PDCP status report. The retransmission of PDCP PDU can be via either PTP or PTM or both links (i.e. DL PDCP uplication).

	Fujitsu
	We are ok with the lossless requiruement in case of PTP and PTM switching. Such a lossless can be achieved by e.g. PDCP status reporting and PDCP ARQ in case of switching.

	TD Tech&Chengdu TD Tech
	Yes. The possible example mechanism to avoid data losses includes:
1. The PTM and PTP bearer for the MBS are by default configured in order to reduce the PTP/PTM switching delay. Only the activated bearer can be used to deliver the MBS data. 
1. For the MBS session, the common PDCP entity for each RB generated by the SDAP entity is shared by both the PTP bearer and the PTM bearer. Therefore, during the PTP/PTM switching, for the given RB the data transmission gap between the PTM bearer and the PTP bearer can be found by the corresponding PDCP entity. If needed the corresponding compensation can be done for the no data loss for the MBS session. 
For example, during the PTP to PTM switching, if the PTP bearer is slower than the PTM bearer, the PTP bearer is continuously used to transmit the PDCP PDUs in the gap. During the PTM to PTP switching, the PTP bearer is used to transmit the PDCP PDUs from the earliest NACK-ed PDCP PDU.
1. The PTM bearer and the PTP bearer can have the different DRX modes. In order to reduce the PTP/PTM switching delay, the MAC CE ( or DCI format ) can be used to carry the newest DRX mode of the PTM/PTP bearer. 
The DRX mode of the PTP bearer can be sent by the MAC CE through PDSCH for the unicast.The updated DRX mode of the PTM bearer can be sent by the MAC CE through the PDSCH for the MBS or the PDSCH for the unicast.
1. The DRX mode for the PTP/PTM bearer is by default configured. If there’s no DRX mode is confgrued for the PTP/PTM bearer, the corresponding bearer is not activated. The two bearers can have the same DRX mode or the unitary DRX mode is configured for the PTP and PTM bearers.


	Intel
	We prefer to postpone the discussion until RAN2 has progressed further on UP architecture options. The reason is that so far the only agreed UP architecture option is one MRB associated with two RLC UM entities, and lossless switching for RLC UM is not of high importance.

	CMCC
	We have agreed to achieve lossless in HO scenario, considering high reliability requirements of some services, so it should also be supported in PTP/PTM switching in such cases. And for other cases, we also need to avoid data loss as much as possible. For this purpose, some mechanism like PDCP status report, duplication and PTP leg compensation could be considered.

	Lenovo and Motorola Mobility
	The loss-less PTP-PTM switch is feasible for the PDCP anchored PTP-PTM dynamic switch (solution1) solution, 
The loss-less switch can be realized by sending PDCP SR via PTP leg and the gNB may transmit any missing packet via PTP leg.

	APT
	The puropose of dynamic switching is to improve the reliability of MBSs with high reliabilty requirements. Hence, packet loss should be avoided packet loss at any point in time. Sending a PDCP status report when dynamic switching is performed could be a potential solution to support lossless transmission.

	Convida Wireless
	Yes we feel that lossless PTM/PTP switching should be supported. We have already agreed to support lossless handover for MBS services that require high reliability. If lossless PTM/PTP switching is not supported, then for these same services, the network would likely be constrained to use a PTP bearer, or maybe  a PTM bearer (at this point it is not clear if a PTM bearer will be able to support MBS services which require ‘lossless’). Either way, if lossless PTM/PTP switching is not supported, the network would not be allowed to change bearer type.
As for the mechanisms to avoid losses, we feel that PDCP status reporting is one viable solution and already used for lossless handover. 

	Apple
	Yes, lossless transmission should be supported via the PTM to PTP switching. The PDCP packet retransmission via PTP link based on PDCP status report could be achieve the lossless MBS transmission.

	Interdigital
	Agree with most of the companies above, i.e. retransmission by PDCP based on PDCP status report can be applied to prevent lossless PTM to PTP switching. 



Summary: It is companies opinion that the dynamic switch itself between PTM/PTP should be able to be lossless. I.e a switch from a PTM to PTP should be possible to perform without additional packet losses for a Split MRB. On mechanisms for achiving this, companies assume e.g. HARQ, duplication and RLC AM (PTP leg) as existing means that can be used. In addition, several companies would like to support PDCP status report. One company, and as was decribed in a few other TDocs, thinks synchronized PDCP COUNT may be needed. For PDCP Status Report, new functionality use would need to be defined and specified (e.g. PDCP Status Report currently only for RLC AM). 
[bookmark: _Toc68161774]For avoiding losses at PTM to PTP dynamic switch, PDCP status report may be requested by gNB.
6	Configuration of the MRB with both PTM and PTP
In this clause the rapporteur wants to investigate the configuration of PTM/PTP operation and any related signalling of the switch. From several contributions (e.g. R2-2100643, R2-2100677, R2-2100942, R2-2101143, R2-2101317, R2-2101605) the following minimum procedure to setup and use the MRB with both PTP and PTM can be deduced.


Figure 2.3-1: Baseline procedure
In step 0 the UE is in RRC Connected, normal unicast is setup, MBS groups are setup and now the gNB wants to establish an MRB.
In step 1 the gNB configures the UE to setup the MRB bearer with PTM and PTP. This configuration should roughly contain RLC modes, G-RNTI, etc. The exact details can be decided later.
In step 2 the UE monitors both G-RNTI and C-RNTI for MRB traffic for both PTM and PTP. The UE receives PDUs on G-RNTI and/or C-RNTI which does not result in any activation/deactivation of any leg/RNTI. Selection between PTM and PTP is a scheduling decision in the gNB.
The rapporteur asks if this can be considered the minimum procedure for how to setup and use the MRB when configured with both PTM and PTP. Additions to the minimum procedure will be considered later.
Can the above procedure be considered the minimum procedure for how to setup and use the MRB when configured with both PTM and PTP? If not, indicate which steps are superfluous.
	Company
	Comments

	MediaTek
	Yes, we agree with the minimum procedure as described above.         

	Samsung
	Yes. 

	CATT
	Yes

	Kyocera
	We think the initial state on activation/deactivation of PTM-leg is needed in Step 1, and a command on activation/deactivation of PTM-leg is necessary in Step 2. Otherwise, the UE always has to monitor both G-RNTI and C-RNTI, that would come at different scheduling occasions, i.e., different On Duration. It makes the UE power consumption significantly high. Thus, we think it’s not additional but essential function. 
In addition, we wonder if the UE assistance information is needed in or after Step 2, depending on Q2 above.  

	NEC
	Yes we agree the above procedure. 

	OPPO
	Yes 

	ZTE
	Yes but..
Firstly, we have not agreed yet that both PTP and PTM can be configured to one UE (although we support this idea) simultaneously.
We suggest that we can start from simpler options like PTP or PTM only as our starting point, as this is our first time to discuss the ignalling issue formally.
We can then consider additional procedures like switching, leg addition operation, or both leg configured together with activation/deactivation operation, since for UE to monitor both RNTI might be an extra requirement.

	Huawei, HiSilicon
	Yes, this can be a baseline, given that a MRB configured with both PTP and PTM has been agreed and captured in Stage-2.

	Futurewei
	Yes

	QC
	Yes as baseline. But we should also support activate/deactivate each RLC leg independently. We should not make it mandatory for UE to monitor both G-RNTI and C-RNTI as default and it should be based on whether both legs are configured and activated. If UE has to monitor multiple G-RNTIs and C-RNTI, it can exceed budget for maximum blind decodes as function of DCI size, affecting UE power consumption.

	Nokia
	Yes

	LGE
	Yes

	vivo
	Yes. 
Besides, we think the initial state of PTP leg and PTM leg should be indicated or specified. Otherwise, as per the given baseline procedure, the UE may have to monitor PDCCH via both PTP and PTM leg after the reception of configuration of both legs, which is not good for UE power saving.

	Sony
	Yes

	TCL
	Yes as basline when configured both PTP and PTM.

	Sharp
	We agree to the procedure 0 and 1. However for step 2, we think activation/deactivation (or resumption/suspension) of leg mechanism should be introduced in order to reduce power consumption of UE.

	Spreadtrum
	Yes

	Xiaomi
	Yes

	Fujitsu
	Yes, it is a good high-level procedure.

	TD Tech&Chengdu TD Tech
	Yes. We agree that both the PTM bearer ( or the PTM mode) and the PTP bearer ( or the PTP mode) for each MBS RB generated by the unique SDAP entity are configured by default. These two bearers (modes) can have the different DRX modes. UE monitors the corresponding G-RNTI/C-RNTI based on the DRX mode of the PTM/PTP bearer. The DRX modes for these two bearers are by default configured. If no DRX mode is configured for the PTP/PTM bearer, the PTP/PTM bearer is not activated for sending the MBS data.

	Intel
	Yes.

	CMCC
	Yes, this could be the baseline procedure for UE to set up MRB.

	Lenovo and Motorola Mobility
	Yes

	APT
	Yes.
Configuring both PTP PTM simultaneously to allow monitoring both of G-RNTI and C-RNTI could be the baseline. However, this should not be the mandatory UE behavior. The network should also have the flexibility to configure the UE to monitor only one type of RNTI (the only one leg) as the initial state.

	Convida Wireless
	Partially. We agree with step 0 and step 1. We also agree with the principle behind step 2, but we don’t recall an agreement relating to whether there should be activation/deactivation of one leg over the other. As others have mentioned, at least for the initial state, there may be an advantage to indicate either PTP leg and PTM leg. Perhaps we can just relax the step 2 to remove the text referring to activation/deactivation:
In step 2 the UE monitors both G-RNTI and C-RNTI for MRB traffic for both PTM and PTP. The UE receives PDUs on G-RNTI and/or C-RNTI. Selection between PTM and PTP is a scheduling decision in the gNB.

	Apple
	Yes

	Interdigital
	Yes, but as we have commented in response to Q2, it may be desirable to have the UE not monitor the G-RNTI all the time (for switching from PTP back to PTM).



Summary: Most companies agree with the baseline procedure from Rapporteur. In here, several companies assume the details going forward need to be discussed w.r.t e.g. monitoring of RNTIs (c.f. power saving/complexity), activation and deactivation, DRX and other. Based on this input, the Rapporteur suggest to establish a high level base-line procedure for dynamic switch from which necessary changes and optimizations can be made when details on variants and optimizations have beed determined and agreed.
[bookmark: _Toc68161775]The minimum procedure to setup and use a MRB when configured with both PTM and PTP is:
RRC Connected UE with a (normal) unicast bearer established and MBS groups setup (NAS)
The gNB configures the UE in order to setup the MRB Split bearer with PTM and PTP. This configuration should contain necessary bearer type parameters (e.g RLC modes, G-RNTI, etc). Details FFS.
The UE monitors both G-RNTI and C-RNTI for MRB traffic for both PTM and PTP. The UE receives PDUs on G-RNTI and C-RNTI which does not result in any activation/deactivation of any leg/RNTI. Selection between PTM and PTP is a scheduling decision in the gNB.

7	Additional signalling for operating the MRB
The minimum procedure assumes the UE monitors and receives data from both C-RNTI and G-RNTI after the configuration step. Some contributions (R2-2100173, R2-2100506, R2-2100677, R2-2100988, R2-2101012, R2-2101217, R2-2101317, R2-2101627)  mention the need to rapidly activate/deactivate G-RNTI (and correspondingly the PTM leg). The rapporteur notes that some contributions call this “switching”, but  the UE should always monitor for C-RNTI while in RRC connected. Hence, it must be assumed that what would happen is that the UE suspends/resume monitoring for G-RNTI based on some indication from the network. Some contributions (e.g. R2-2100084, R2-2100321, R2-2100942) mention a two-step process where the network could activate the UE to enable PTM after the configuration step. 
What are the drawbacks and benefits from adding a function to suspend/resume monitoring of G-RNTI?
	Company
	Comments

	MediaTek
	During MRB transmission, we think the UE should always monitor for C-RNTI while in RRC connected state.
However, if the UE is switched from PTM to PTP, UE monitoring on G-RNTI can be stopped based on a network indication. If the UE is switched from PTP to PTM, UE monitoring on G-RNTI can be enabled based on a network indication. This may introduce UE power consumption gain.        

	Samsung
	The benefit would be reducing power consumption of monitoring one RNTI while many other RNTIs should be monitored. We are not clear how much power consumption can be saved. However, MBS SPS has been agreed in RAN1. In this case, G-RNTI monitoring is not necessary without indication-based switching.
The expected drawback is specification impact:
- The “indication” may be lost (MAC/PHY level transmission does not guarantee lossless). Thus specification should prepare for the missed indication. 
- L2 actions during the transmission should be specified when some remaining HARQ (re-)transmissions are ongoing.
Also, if we define MRB with single RLC entity, the bearer type change will be very similar with this indication-based switching. Thus, it will lose the benefit of common PDCP structure.

	CATT
	Explicit signalling on the activation/deactivation of PTM leg is necessary.
If the PTM/PTP switch is transparent to UE, it may result in the increase of UE power consumption. In case split MRB are configured to UE and the PTM transmission is off in gNB, UE will still monitor G-RNTI and C-RNTI simultaneously during the MBS service reception. How serious the increase of UE power consumption depends on RAN1 progress and DRX for PTM solution in RAN2.
However, it introduces new signalling procedure and new configuration anyway.

	Kyocera
	We agree with the rapporteur’s analysis that the suspension/resumption of monitoring G-RNTI is the essential part in this question. But it’s unclear to us what the difference between “suspend/resume” in Q5 and “activate(/deactivate)” in Q6 is. 
Benefit: We think the UE can reduce the power consumption when G-RNTI is suspended, assuming C-RNTI and G-RNTI have different DRX configurations. For example, with current agreed switching mechanism, i.e., PDCP-anchored and RLC-UM for both legs, the UE in cell-edge likely receives the multicast session via PTP-leg only. In this case, it’s unnecessary power waste if the UE still tries to receive the multicast session via PTM-leg.  
Drawbacks: We think the signalling overhead and the delay of starting multicast reception are the drawbacks, but these are less impact than the removal of PTM-leg by RRC Reconfiguration. Regarding the delay, we assume it could be solved if RRC Reconfiguration indicates the initial state of PTM-leg, i.e., “activated”, as we commented in Q4. 

	NEC
	First of all, the transmission of PTP leg is dedicated for the UE, so the UE is mandated to monitor C-RNTI if it is configured.
If the PTP leg is used for simultaneous transmission with PTM leg, please refer to our comment in Q1, this is up to the pole of the PTP leg. If the UE deactivated G-RNTI, then the MRB becomes a DRB. So we think the PTP leg is configured, the UE should monitor PTM leg as well, using PTP leg as an complementary leg for status report and re-transmission can have an efficient transmission method. 

	OPPO
	If the network intends to make the UE receiving MBS via PTP, no need to receive MBS via PTM for UE considering UE power saving purpose.

	ZTE
	benefits:
- power consumption reduction
drawbacks:
- NW has to configure UE both legs in advance in which the configuration might be outdated.
- impacts to spec design, to have such configuration including the activation and deactivation operations.
That being said, the benefits outweigh the drawbacks.

	Huawei, HiSilicon
	We agree with others on the benefits from power consumption perspective, considering that the G-RNTI based scheduling will not take into account the UE which has been switched to PTP transmission. Another point is to avoid the PTM RLC window mismatch between NW and UE if PTM reception is in bad condition for a relative long time duration and lots of new data packets are missed by the UE in PTM leg.
One obvious drawback can be specification complexity. We may need to define a L2 signalling for such suspension and resume.

	Futurewei
	Turning on/off G-RNTI monitoring may help save UE power consumption. But it should not impact the operation of RLC and PDCP entities. And it should not change bearer type. That is, bearer type change between split and non-split bearer is still done by RRC reconfiguration.

	QC
	Agree that UE always has to monitor C-RNTI while in RRC_CONNECTED state.
If UE has to monitor multiple G-RNTIs and C-RNTI, it can exceed budget for maximum blind decodes as function of DCI size, affecting UE power consumption.
To activate/deactivate each RLC leg and G-RNTI monitoring, we need to specify additional L2 signalling.

	Nokia
	We understand the question as controlling G-RNTI monitoring in addition to C-RNTI monitoring (which should not be impacted).
Firstly on the use case, we assume we are here considering different services: one provided via C-RNTI and one via G-RNTI. Indeed, if the same service was provided via both, it would seem odd to regularly stop PTM to favour PTP towards all UEs instead. So are we talking about an MBS service which would frequently come and go? And if so, what aspects wouldn’t be covered by existing mechanisms (DRX. SPS…).
Secondly on the gains: how much the UE will benefit depends on PDCCH configuration (CORESET/SS) where DCI scrambled with G-RNTI scheduling PDSCH for a group can be transmitted. This should be assess in RAN1.

	LGE
	If UE is allowed to suspend the G-RNTI based PDCCH monitoring while the MBS traffic is delivered through PTP leg, it is clear that the UE can save the power. However, the indication to support this is not essential. We can leave the suspension of the G-RNTI based monitoring up to UE implementation.

	Vivo
	The advantage is that UE does not need to monitor G-RNTI on the specific CSS for MBS when receiving MBS data only via PTP leg, which is beneficial for UE power saving.
The drawback is that explicit signaling/switching procedures should be specified.

	Sony
	Monitoring of G-RNTI when UE is not receiving PTM is not good from power consumption point of view.

	TCL
	We agree that UE has to monitor C-RNTI while in conneted mode. Explict L2 signalling is needed to suspend/resume monitoring of G-RNTI.

	Sharp
	As we mentioned in Q4, we think suspension (or deactivation) of monitoring of G-RNTI is beneficial for power consumption reduction of UE. Drawback could be signalling overhead to resume (or activate) monitoring of G-RNTI. However the overhead should be negligible if suspension/resumption would not happen frequently.

	Spreadtrum
	We agree that UE should always monitor C-RNTI while in RRC connected state.
The suspension of monitoring of G-RNTI is beneficial for power consumption reduction. 

	Xiaomi
	The CONNECTED UE should always be able to monitor C-RNTI for (RRC/MAC) control signalling.
However when the MRB is switched from PTM to PTP, the UE should not be required to keep monitoring the G-RNTI in order to save the UE power.

	Fujitsu
	We would ask to consider implicit way of UE battery saving, where the PTM to PTP switching itself can be an implicit indication that the UE need not monitor G-RNTI. Similary, the PTP to PTM switching itself can be an implicit indication that the UE need to monitor G-RNTI.

	TD Tech&Chengdu TD Tech
	The benefits for suspending/resuming monitoring of G-RNTI are:
1. Reduce the power consumption in UE
1. Due to the fact that only PTM bearer may be configured for an MBS, no extra signalling effort is needed.
The drawbacks for suspending/resuming monitoring of G-RNTI are:
1. The update DRX mode of the PTM bearer needs to be configured to UE for monitoring the PTM bearer with the no DRX mode for the PTM bearer as one of the possible DRX mode configuration and the indicator for not monitoring the PTM bearer.
1. Due to the fact that only PTM bearer may be configured for an MBS, no extra signalling effort is needed.

	Intel
	The baseline operation regarding G-RNTI monitoring is based on RRC configuration only. 
The potential benefit of using additional signalling (e.g. MAC CE) is mainly the potential UE power saving as suspension of G-RNTI monitoring can be faster compared with RRC reconfiguration.
The drawback includes the additional signalling overhead and specification complexity of additional signalling.

	CMCC
	With G-RNTI monitoring suspension/resumption indication, UE may have power saving benefits when only PTP leg is used for MBS data transmission, especially in the case that UE may receive multiple MBS services. And the drawback is there could be potential specification impact.

	Lenovo and Motorola Mobility
	We assume we are talking about the case where a MRB is configured with both PTP and PTM leg, instead of reconfiguration between PTP-only and PTM-only MRB. 
Similar view as many other companies, that explicit indicator could be beneficial from power saving point of view, while the drawback is the extra effort of specification. 

	APT
	First of all, we agree that a UE in RRC_CONNECTED should always monitor for C-RNTI. 
We think an indication to activate/deactivate the G-RNTI would be beneficial in terms of power consumption reduction. It is meaningless for a UE to monitor for G-RNTI even if the MBS data is delivered through PTP only. 
The drawback of having an indication would be the additional SPEC efforts to design such an indication. Hence, another approach could be UE-based G-RNTI activation/deactivation based on certain criteria. We are fine with either approaches.

	Convida Wireless
	We are in agreement with most of the other company views. 
Main benefit likely is power consumption: A UE may have to monitor multiple G-RNTIs and C-RNTI. If the UEs MBS services of interest are only on a PTP leg or PTP bearer, UE would consume power to monitor the G-RNTIs. Main drawback likely would be the need for a mechanism to resume monitoring on the G-RNTIs. 
In our view, the benefits outweigh the drawbacks. 

	Apple
	The benefit is that the suspension/resumption of G-RNTI can save UE power on the PTM link if NW intends to deliver the MBS data to UE via PTP link for some time. 
The drawback is that we need introduce additional L2/L1 signaling for this purpose,  and the additional timing should be specified.
Since currently RRC signaling can be used for PTM and PTP link configuration, we can assume the RRC signaling can be the based for the PTM link suspension or resumption. 

	Interdigital
	We also think it is beneficial to have the possibility to turn G-RNTI monitoring on/off for power saving purposes. 




Summary: Several companies think there is power saving gain in suspending/resuming monitoring of G-RNTI. Additionally, several companies think there are a number of uncertainties in the significance to those gains: complexity, SPS (as supported for MBS in RAN1), assuming MBS specific DRX, complexity (e.g. additional activation/deactivation signalling etc), and so on. See also Q6.
[bookmark: OLE_LINK5][bookmark: _Toc68161776]FFS suspend/resume monitoring of G-RNTI when configured with both PTM and PTP (continue discussion based on contributions and progress in other groups).

What are the drawbacks and benefits from adding a function to activate the UE to enable PTM after the configuration step?
	Company
	Comments

	MediaTek
	We did not see the need to enable UE to monitor G-RNTI when PTM transmission is switched to PTP for the UE. The negative aspect for the UE is power consumption.        

	Samsung
	Same as Q5

	CATT
	Same as Q5.

	Kyocera
	We have the same comment with Q5. 

	NEC
	We think PTM monitor can be up to the UE implementation. It is unnecessary to introduce additional signalling to enable/disable PTM monitoring. 

	OPPO
	It will result in UE power consumption. 

	ZTE
	same as Q5.

	Huawei, HiSilicon
	Not sure I understand this question correctly. I assume if the suspension and resume of G-RNTI monitoring is supported, we should discuss whether to introduce a signalling for the initial state of this MRB, i.e. to enable/disable PTM monitoring when configuring MRB with both PTP and PTM. 

	Futurewei
	Same as Q5.

	QC 
	Same as Q5

	LGE
	Even though UE is allowed to suspend/resume the G-RNTI based monitoring, we don’t need to define the deactivation state for PTM leg. That is, PTM leg should always be active once it is configured.

	Vivo
	We are not sure whether the question is intended to tell that PTM activation can only be performed via the other signaling after RRC configuration? 
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]In our understanding, the configuration should indicate the initial state of PTM/PTP leg. And it should be possible that the PTM leg is activated after the reception of the RRC configuration. 

	Sony
	We think its good for UE power consumption.

	TCL
	Same as Q5.

	Sharp
	Same as Q5

	Spreadtrum
	We agree with vivo. 
We think the initial state of PTM leg after RRC configuration is activate.

	Xiaomi
	Same as Q5.

	Fujitsu
	Similar to Q5, the question is if explicit indication is needed.

	TD Tech&Chengdu TD Tech
	The benefits are:
1. That both PTM bearer and the PTP bearer are by default configured wll reduce the PTP/PTM switching delay.
1. The activation or de-activation of the PTP/PTM bearer can be used to support the following flexible MBS transmission modes dynamically during the MBS delivery.
1. Both the PTP bearer and the PTM bearer are used to carry the MBS to UE.
1. Only PTP bearer is used.
1. Only PTM bearer is used.
1. Reduce the power consumption for monitoring the PTM bearer in UE if the PTM bearer is NOT used for UE.
1. Due to the fact that only PTM bearer may be configured for an MBS, no extra signalling effort is needed.
The drawbacks are:
(1) The update DRX mode of the PTM bearer needs to be configured to UE for monitoring the PTM bearer with the no DRX mode for the PTM bearer as one of the possible DRX mode configuration and the indicator for not monitoring the PTM bearer.

	Intel
	Same comments as Q5.

	CMCC
	Same as Q5.

	Lenovo and Motorola Mobility
	Same as Q5.

	APT
	Same as Q5.

	Convida Wireless
	It is not clear if this question is referring to only the first enabling of the PTM leg after the configuration step, or for any enabling of PTM leg after the PTM leg is resumed (if the G-RNTI monitoring is allowed to be suspended).
In our view, if the PTM leg is suspended or initially not active, some mechanism will be needed to tell the UE to start monitoring the G-RNTI. 

	Apple
	Same as Q5

	Interdigital
	Same as Q5



Summary: As a result from input to Q5 and responses in here, a joint conclusion and can be found under Q5.
8	Summary
Based on above emai discussion summary, the following proposals are presented for discussion and agreement:

Proposal 1	Dynamic PTM/PTP switch is only supported for a split MRB bearer (type) with a common (single) PDCP entity.
Proposal 2	FFS if RRC based, semi-static bearer change is supported and optimized for where separate PDCP entities are used.
Proposal 3	FFS dynamic PTM/PTP switch for other user plane protocol architecture(s), if agreed by RAN2.
Proposal 4	As a baseline, no new UE based signalling is introduced to support gNB switch decision.
Proposal 5	For avoiding losses at PTM to PTP dynamic switch, PDCP status report may be requested by gNB.
Proposal 6	The minimum procedure to setup and use a MRB when configured with both PTM and PTP is:
Proposal 7	FFS suspend/resume monitoring of G-RNTI when configured with both PTM and PTP (continue discussion based on contributions and progress in other groups).
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