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1. Introduction
The revised work item on NR Multicast and Broadcast Services (MBS) was approved in RAN#88 [1], which includes the objectives to specify the dynamic PTM/PTP switching and the mobility with service continuity as follows: 
	· Specify RAN basic functions for broadcast/multicast for UEs in RRC_CONNECTED state [RAN1, RAN2, RAN3]:

[…]
· Specify support for dynamic change of Broadcast/Multicast service delivery between multicast (PTM) and unicast (PTP) with service continuity for a given UE [RAN2, RAN3]
· Specify support for basic mobility with service continuity [RAN2, RAN3]


As for the dynamic PTM/PTP switching, RAN2 already reached some consensus related to this topic. RAN2#111-e had the following agreements [2]: 
	· 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. 


In RAN2#113-e, an architecture for dynamic PTM/PTP switching was agreed related to the L2 reliability discussion as follows [3]: 
	· 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).


In RAN2#113bis-e, further agreements were achieved for the architecture and signalling as follows [4]: 

	Agreements

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 (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.


As for the mobility aspects, RAN2 only agreed the basic principles as listed below [5]: 

	· R2 aim to support lossless handover for MBS-MBS mobility for service that requires this (TBD which detailed scenario but at least PTP-PTP)

· In order to support the lossless handover for 5G MBS services, at least DL PDCP SN synchronization and continuity between the source cell and the target cell should be guaranteed by the network side to realize. The design of specific approach to realize this can be involved with WG RAN3.
· From network side, the source gNB may forward the data to the target gNB and the target gNB will deliver the forwarding data. Meanwhile, the SN STATUS TRANSFER should be extended to cover the PDCP SN for MBS data; Then (TBD after or in parallel) the UE receives the MBS in the target cell by the target cell according to target configuration.
· From UE side, PDCP status report may be supported as well. 


In this contribution, the remaining issues of dynamic PTM/PTP switching and mobility with service continuity based on the agreed architecture, i.e., with PDCP anchored Split MRB, is discussed. 
2. Discussion 
2.1.1. Split MRB configuration 
The architecture of PDCP-anchored PTM/PTP switching, i.e., Split MRB, can be interpreted as depicted in Figure 1, based on the current agreements [2]
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Figure 1 PDCP-anchored PTM/PTP switching based on current agreements [2]
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In general, RRC Reconfiguration could be considered to be used to provide the bearer configurations including the two logical channels, i.e., PTM-leg and PTP-leg, together with the information to receive the multicast session [6]. RAN2 states in the agreement “Assuming a split-MRB (as agreed during the online session) configured with a PTM leg and PTP leg” [4], it seems already common understanding that the configuration to associate two logical channels with one Multicast Radio Bearer, MRB, is provided by RRC Reconfiguration for the preparation of dynamic PTM/PTP switching. 
Observation 1 It seems common understanding that the configuration to associate two logical channels with one MRB is provided by RRC Reconfiguration in advance of dynamic PTM/PTP switching operation. 
2.1.2. Dynamic PTM/PTP switching operations 
2.1.2.1. Signalling 
RAN2 left “FFS whether the usage of the PTM leg of the split-MRB may be subject to activation or deactivation and the details of such.” [4] 

Once Split MRB with PTM-leg/PTP-leg is configured, the UE needs to monitor both G-RNTI for PTM-leg and C-RNTI for PTP-leg. In LTE SC-PTM, “The SC-PTM reception opportunities are independent of the unicast DRX scheme” [7], i.e., separate DRXs. This concept could be the baseline for NR MBS, since it’s very difficult to align the two DRXs because G-RNTI is received by multiple UEs while C-RNTI is UE-specific. It means the UE needs to wake up often if it has to always monitor G-RNTI, which causes additional power consumption. On the other hand, the UE in Connected anyway needs to monitor C-RNTI for unicast reception, i.e., C-DRX, which is not additional burden for the UE. 
Observation 2 The UE needs to wake up in PTM-leg transmission opportunities (i.e., G-RNTI) like SC-MTCH occasion in LTE SC-PTM, in addition to PTP-leg transmission opportunities (i.e., C-RNTI) which is the same with C-DRX. 
There are four options on the reception of MRB with PTM/PTM, i.e., for switching operation, as follows: 
· Option 1: Activation/deactivation-based switching [8][9][10][11][13]: 
· The gNB instructs the UE whether the PTM-leg is activated/deactivated by e.g., DCI, MAC CE or RRC signalling.. This option is more flexible if the MBS data is received via the two legs, i.e., like split bearer [14] or PDCP packet duplication [15], in addition to the MBS data reception via either PTM or PTP. The UE may reduce power consumption from deactivated PTM-leg. It’s noted the NW implementation may always decide to keep the two legs activated, which can cover the intention of Option 4 below. 
· Option 2: Switch order/command-based switching [16][17][18]
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[19]: 
· The gNB instructs the UE to switch between PTM-leg and PTP-leg by e.g., DCI, MAC CE or RRC signalling. This option is simple and similar to Option 1 above, in terms of the power saving gain from the deactivation of PTM-leg. However, it has less flexible for split bearer-like operation [14] including PDCP packet duplication [15], since this option is only for switching between PTM-leg and PTP-leg, but not activating both, in our understanding. 
· Option 3: RRC Reconfiguration-based switching [8][11][12]:  
· The gNB reconfigures the UE with either PTM or PTP as MRB by RRC Reconfiguration. In other words, it does not associate PTM-leg and PTP-leg with one MRB, i.e., it’s a kind of like “bearer type change”, which is not aligned with Split MRB architecture. Also, it’s questionable how “dynamic” this option can be for switching between PTM and PTP, due to L3 involvement. 
· Option 4: No signalling-based switching [12]
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[22]:
· The UE always has to attempt receiving from both PTM-leg and PTP-leg whenever Split MRB is configured with the two legs. This option ensures the maximum scheduling flexibility from the gNB’s perspective, while there is no power saving opportunity for the UE. 
Based on the observations above, Option 1 is the most suitable option in terms of scheduling flexibility, UE power consumption and consistency with Split MRB architecture. Option 4 can be seen as a subset of Option 1, if PTM-leg is always activated.  Regarding the signalling layer, MAC CE may be straightforward since the activation/deactivation is mostly related to DRX behaviour.  So, RAN2 should agree that PTM-leg can be activated/deactivated via MAC CE. 
Proposal 1 For the dynamic PTM/PTP switching, RAN2 should agree to introduce MAC CE to activate/deactivate PTM-leg of Split MRB. 
Regarding the “bearer type change” which is not same with the “dynamic switching”, It’s considered that the bearer type change could include the following cases: 
· Case 1: PTM-only MRB (( PTP-only MRB, 

· Case 2: Split MRB (( PTM-only MRB, and 

· Case 3: Split MRB (( PTP-only MRB. 

For these cases for the bearer type change, it’s straightforward to use RRC Reconfiguration, i.e., Option 3. 
Proposal 2 For the bearer type change between PTM-only MRB, PTP-only MRB and Split MRB, RAN2 should agree to use RRC Reconfiguration. 

2.1.2.2. PDCP behaviours 
2.1.2.2.1. Initial values of state variables 
RAN2 agreed to support RLC AM mode for PTP-leg of Split MRB, in addition to RLC UM mode [3][4]. Also, it’s a common understanding that L2 reliability only relies on dynamic PTM/PTP switching, since “RLC-AM is not supported for PTM (for MBS R17 WI)” [23]. Therefore, it’s worth considering how to minimize the packet loss at the start of MBS data reception and during the dynamic PTM/PTP switching, for the service continuity. 
As depicted in Figure 1, PDCP SN is common for both PTM-leg and PTP-leg, if the existing PDCP functional view is reused [24]. Since PTM-leg is used for multiple UEs, PDCP SN may not be UE-specific, which affects both PTM-leg and PTP-leg. It means for the UE late join in the multicast session, the initial values for each state variables cannot always “0”, regardless of whether the first received MBS data comes from PTM-leg or PTP-leg. In other words, the PDCP SN which UE first receives may be any value, which is not assumed in the current unicast transmission. Also, a PDCP re-establishment [24] for one UE may affect all other UEs since state variables are set to the initial values. It would cause unexpected behaviour in the reception window, i.e., discarding PDCP PDUs that are outside the window.  It’s noted that the same issue may exist in the handover scenario. 
Observation 3 For the UE late joining in the multicast session and being configured with Split MRB, the first received PDCP PDU’s SN is not the initial value, i.e., “0”, regardless of the first received data comes from PTM-leg or PTP-leg. 
To solve this issue, the following options were proposed in [8] and [20]: 
· Option A: The gNB informs the UE of the initial COUNT value [8], or RX_NEXT and RX_DELIV [20]: 
· This option simply changes the initial values related to the reception window based on the information from the gNB, so that the UE may receive the first transmission of MBS data with the existing mechanism. However, it’s questionable if the UE can always successfully receive the first transmission that the gNB intended, from the PDCP layer’s point of view, e.g., due to delay of switching, bad radio condition or falling outside of RLC reassembly window [25] etc. In this case, it’s unclear how this option works. 

· Option B: The gNB informs the UE of the initial HFN, and the UE deduces the initial HFN and SN from the first received PDCP PDU [8]: 
· Regarding the SN part, this option is similar to Rel-16 V2X mechanism, i.e., “For NR sidelink communication for broadcast and groupcast, the initial value of the SN part of RX_NEXT is (x +1) modulo (2[sl-PDCP-SN-Size]), where x is the SN of the first received PDCP Data PDU” and “For NR sidelink communication for broadcast and groupcast, the initial value of the SN part of RX_DELIV is (x – 0.5 × 2[sl-PDCP-SN-Size–1]) modulo (2[sl-PDCP-SN-Size]), where x is the SN of the first received PDCP Data PDU” [24]. 
· Regarding the HFN part, Rel-16 V2X mechanism does not require the transmitter and the receiver to be synchronized, i.e., “NOTE: It is up to UE implementation to select HFN for RX_NEXT as such that initial value of RX_DELIV should be a positive value” [23], since HFN is not used for security [26]
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[27]. For NR MBS, “[037] RAN2 will reply that it will wait for SA3 to finalize their study on security for MBS before discussing security aspects in RAN2” [3]. So, RAN2 should postpone the discussion on the HFN part until SA3 finalized their study on security. 
Based on the observations above, Option B should be the baseline for further discussion. According to Rel-16 sidelink communication for broadcast and groupcast, and considering SA3’s progress on security for NR MBS, RAN2 should at least agree that the UE sets the initial values of state variables from the first received PDCP PDU of MBS data. 
Proposal 3 RAN2 should agree that the UE sets the initial values for the SN part of RX_NEXT and RX_DELIV, from the first received MBS data regardless of PTM-leg or PTP-leg. It’s FFS whether the HFN part is informed by the gNB, depending on SA3’s progress. 
2.1.2.2.2. Simultaneous reception and UE assistance information 
The lossless switching is important for service continuity, especially the PTP(-leg) is configured with RLC AM for the services which requires a tight reliability, as well as for the lossless mobility as in Observation 7 in the next section. If Proposal 1 is agreeable, the UE should support the simultaneous reception from both PTM-leg and PTP-leg, i.e., the two legs can be activated at the same time, which is similar to the existing PDCP packet duplication [15]. It’s considered beneficial for the dynamic PTM/PTP switching since PTP-leg can compensate the missing packets that were not received via PTM-leg, which can easily happen since PTM-leg is received by multiple UEs, i.e., not optimal MCS for certain UEs. So, RAN2 should agree to adopt the use of simultaneous reception at least for a certain period upon the dynamic PTM/PTP switching. 
Proposal 4 RAN2 should agree that the UE supports simultaneous reception from both PTM-leg and PTP-leg for a certain period after the dynamic PTM/PTP switching. 

If Proposal 3 and Proposal 4 are agreeable, the gNB may not actually know which PDCP SN the UE started to receive via PTM-leg successfully. For PTP(PTM switching, the gNB may not know which PDCP PDU(s) should still be transmitted via PTP-leg and/or when PTP-leg transmission can be stopped. To solve this issue, it’s proposed in [21] and [28] that the UE informs the gNB of its successful PTM reception, which could be sent via PTP-leg. However, it’s still unclear if the UE should also include the PDCP SN information in the same message, based on [21]
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[28]. 
Observation 4 For PTP(PTM switching, the gNB may not know which PDCP PDU the PTP-leg transmission needs to be kept, or from which PDCP PDU the UE successfully starts receiving via PTM-leg. 
Similarly, for PTM(PTP switching, the gNB may not know which PDCP SN the UE received successfully via PTM-leg, especially in case the UE is under bad radio condition. It means the gNB may not know which PDCP PDU should be used at the start of the PTP-leg. 
Observation 5 For PTM(PTP switching, the gNB may not know from which PDCP PDU the PTP-leg needs to start transmitting, or which PDCP PDU the UE successfully received via PTM-leg. 
So, it could be considered if the UE should inform the gNB of the SN information via PTP-leg, upon the dynamic PTM/PTP switching. If the UE reports the SN information upon dynamic switching between PTM and PTP, it’s straightforward to reuse PDCP Control PDU, i.e., the PDCP status report which includes FMC (the first missing PDCP SDU) and optionally Bitmap (indicates following PDCP SDUs are missing or correctly received) [29]. On the other hand, it’s another option for the UE to report the SN of first/last successful PDCP PDU reception via PTM-leg. Therefore, more discussion is needed on the content of the UE’s report upon dynamic switching between PTM and PTP. 
In both cases above (i.e., PTP(PTM and PTM(PTP), a PDCP Control PDU should be triggered upon dynamic switching (e.g., by activation/deactivation MAC CE), which include the PDCP SN information for service continuity. 
Proposal 5 RAN2 should discuss if the UE sends a PDCP Control PDU including the PDCP SN information upon dynamic switching, for service continuity. It’s FFS whether PDCP Status Report can be reusable. 
Another point worth discussing is whether the lossless bearer type change is needed as similar to the lossless dynamic switching, i.e., like Proposal 5. In our view, the bearer type change involving the PTP(-leg) with RLC AM requires the same reliability with the dynamic switching, for better service continuity and lossless mobility as in Observation 8 in the next section. So, RAN2 should discuss whether to support lossless bearer type change. If supported, the same solution should be reused, i.e., a PDCP Control PDU as UE assistance information as in Proposal 5. 
Proposal 6 RAN2 should discuss if the same solution for lossless dynamic switching is applicable to the lossless bearer type change involving RRC Reconfiguration, i.e., with a PDCP Control PDU as in Proposal 5. 

2.1.3. Mobility operations 
RAN2 agreed that “R2 aim to support lossless handover for MBS-MBS mobility for service that requires this (TBD which detailed scenario but at least PTP-PTP)” and “From UE side, PDCP status report may be supported as well” [5]. These agreements imply a quite similar mechanism with the existing handover for unicast, if MRB is configured with PTP-only. 
Observation 6 The existing handover mechanism for unicast can be reused for MRB configured with PTP-only, in order to support lossless handover. 
So, the issues need to be discussed is the handover cases that involves PTM(-leg), i.e., MRB configured with PTM-only and Split MRB with PTP-leg and PTM-leg. 

As for Split MRB, it can be seen as MRB with PTP-only when PTM-leg is deactivated. So, it would easily support the lossless handover, based on the existing unicast handover. So, the basic procedure for Split MRB could be considered as follows: 
· Step 1: PTM-leg of Split MRB is deactivated in the source cell, by the lossless dynamic switching. 

· Step 2: The UE is performed lossless handover, as PTP-PTP handover (or even like unicast handover). 

· Step 3: PTM-leg of Split MRB is activated in the target cell, if needed, by the lossless dynamic switching. 

In this procedure, the lossless dynamic switching, as discussed in Proposal 5, would take an important role. 
Observation 7 Lossless dynamic PTM/PTP switching is essential for lossless handover of Split MRB. 
As for MRB with PTM-only, a very similar procedure could be applicable as follows: 
· Step 1: MRB with PTM-only is reconfigured to MRB with PTP-only (or Split MRB) in the source cell, by the lossless bearer type change. 

· Step 2: The UE is performed lossless handover, as PTP-PTP handover (or even like unicast handover). 

· Step 3: MRB with PTP-only (or Split MRB) is reconfigured to MRB with PTM-only in the target cell, if needed, by the lossless bearer type change. 

In this case, the lossless bearer type change, as discussed in Proposal 6, is also important for lossless handover. 
Observation 8 Lossless bearer type change is essential for lossless handover of Split MRB. 
In light of these observations above, the key points of basic procedure for lossless handover are, the PTM-leg is deactivated or MRB with PTM-only is reconfigured (i.e., Step 1), and the handover execution is the same with the existing unicast handover, without any enhancement. 

Proposal 7 RAN2 should agree that the basic lossless handover of MRB should always involve PTP(-leg), i.e., PTM-leg of Split MRB is deactivated or PTM-only MRB is reconfigured to PTP-only MRB (or Split MRB) before the handover execution. 

Proposal 8 RAN2 should agree that the handover execution for MBS is the same with one for unicast, i.e., no enhancement is needed for the basic lossless handover. 

Then, the most interesting and advanced procedure would be the direct PTM-PTM handover, i.e., the UE receiving MBS via PTM(-leg) is executed lossless handover. It could reduce the signalling overhead and complexity in the basic handover procedure above, i.e., it can skip Step 1 and Step 3. In addition, we think such a direct PTM-PTM lossless handover is expected especially for Split MRB having PTP-leg configured with RLC AM, i.e., which would be used for services requiring higher reliability.  However, it’s already after the halfway point in Rel-17 timeframe, and the WID just states to “Specify support for basic mobility with service continuity” [1]. So, the advanced lossless handover would need to be postponed to the future releases. 
Observation 9 An advanced lossless handover of the UE receiving MBS service via PTM(-leg), i.e., “direct PTM-PTM handover”, is considered useful for certain services, but it may need to be postponed to future releases, taking into account the remaining time in Rel-17 timeframe. 
3. Conclusion 
In this contribution, the issues and solutions on dynamic PTM/PTP switching and mobility with service continuity are discussed based on the current RAN2 agreements and companies’ inputs.  RAN2 is kindly asked to take into account the observations and proposals below: 
Observation 1
It seems common understanding that the configuration to associate two logical channels with one MRB is provided by RRC Reconfiguration in advance of dynamic PTM/PTP switching operation.
Observation 2
The UE needs to wake up in PTM-leg transmission opportunities (i.e., G-RNTI) like SC-MTCH occasion in LTE SC-PTM, in addition to PTP-leg transmission opportunities (i.e., C-RNTI) which is the same with C-DRX.
Proposal 1
For the dynamic PTM/PTP switching, RAN2 should agree to introduce MAC CE to activate/deactivate PTM-leg of Split MRB.
Proposal 2
For the bearer type change between PTM-only MRB, PTP-only MRB and Split MRB, RAN2 should agree to use RRC Reconfiguration.
Observation 3
For the UE late joining in the multicast session and being configured with Split MRB, the first received PDCP PDU’s SN is not the initial value, i.e., “0”, regardless of the first received data comes from PTM-leg or PTP-leg.
Proposal 3
RAN2 should agree that the UE sets the initial values for the SN part of RX_NEXT and RX_DELIV, from the first received MBS data regardless of PTM-leg or PTP-leg. It’s FFS whether the HFN part is informed by the gNB, depending on SA3’s progress.
Proposal 4
RAN2 should agree that the UE supports simultaneous reception from both PTM-leg and PTP-leg for a certain period after the dynamic PTM/PTP switching.
Observation 4
For PTP(PTM switching, the gNB may not know which PDCP PDU the PTP-leg transmission needs to be kept, or from which PDCP PDU the UE successfully starts receiving via PTM-leg.
Observation 5
For PTM(PTP switching, the gNB may not know from which PDCP PDU the PTP-leg needs to start transmitting, or which PDCP PDU the UE successfully received via PTM-leg.
Proposal 5
RAN2 should discuss if the UE sends a PDCP Control PDU including the PDCP SN information upon dynamic switching, for service continuity. It’s FFS whether PDCP Status Report can be reusable.
Proposal 6
RAN2 should discuss if the same solution for lossless dynamic switching is applicable to the lossless bearer type change involving RRC Reconfiguration, i.e., with a PDCP Control PDU as in Proposal 5.
Observation 6
The existing handover mechanism for unicast can be reused for MRB configured with PTP-only, in order to support lossless handover.
Observation 7
Lossless dynamic PTM/PTP switching is essential for lossless handover of Split MRB.
Observation 8
Lossless bearer type change is essential for lossless handover of Split MRB.
Proposal 7
RAN2 should agree that the basic lossless handover of MRB should always involve PTP(-leg), i.e., PTM-leg of Split MRB is deactivated or PTM-only MRB is reconfigured to PTP-only MRB (or Split MRB) before the handover execution.
Proposal 8
RAN2 should agree that the handover execution for MBS is the same with one for unicast, i.e., no enhancement is needed for the basic lossless handover.
Observation 9
An advanced lossless handover of the UE receiving MBS service via PTM(-leg), i.e., “direct PTM-PTM handover”, is considered useful for certain services, but it may need to be postponed to future releases, taking into account the remaining time in Rel-17 timeframe.
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