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[bookmark: _Ref528762725]Introduction
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]In RAN2#115e- meeting, various agreements on PTM/PTP configuration and switching for MBS were made [1].
	· In RRC signalling, one MRB can be configured with PTM only or PTP only or both PTM and PTP.  Whether PTM, PTM+PTP or PTP-only can be changed from one to other via RRC signaling.
· In RRC signalling, Support DL only UM RLC configuiration for PTM, both DL and UL AM RLC configuiration for PTP, DL only UM RLC configuiration for PTP, FFS both DL and UL UM RLC configuiration for PTP.
· FFS whether PDCP SR can be triggered due to bearer type change in RRC signaling and FFS how to tigger PDCP SR if need.
· Will not support PTM deactivation/activation beyond RRC reconfiguration acc to first agreement above (and whatever R1 decides). 
· For PTM PDCP state variables setting while configured, the SN part of COUNT values of these variables are set according to the SN of the first received packet (by the UE) and the HFN indicated by the gNB, if needed.
· Initialize the PTM RLC entity for an MRB configuration, the value of RX_Next_Highest and RX_Next_Reassembly are set according to the SN of the first received packet containing an SN.
· RLC state variables of PTP RLC reception window can be set to initial value, i.e. 0, due to MRB configuration.
· 


In this document, we concentrate on the controversial PDCP/RLC issues for MBS. And our proposals are summarized in section 3.
Discussion
2.1	PDCP status report
2.1.1	Bearer type change
In RAN2#115-e meeting, FFSs for PDCP SR were left which are copied below:
	· FFS whether PDCP SR can be triggered due to bearer type change in RRC signaling and FFS how to tigger PDCP SR if need.


In the email discussion [3], how to trigger PDCP status report when MBR bearer type is changed was also discussed. Two options were provided in the email.
· Option 1: introduce one new trigger of PDCP status report in PDCP;
This option is simple. PDCP status report can be triggered autonomously without extra indication. 
· Option 2: reuse the legacy procedure, for example, PDCP re-establishment;
In this option, PDCP status report will be triggered during the other PDCP procedures, e.g. PDCP re-establishment or data recovery. Hence, we need to figure out which procedure is applied for MRB bearer type change and whether other impacts will be introduced.
Considering the simplicity of option 1, we propose that:
[bookmark: _Toc85721860]Proposal 1: New trigger(s) of PDCP status report should be defined for MRB bearer type change in RRC signalling.
2.1.2	Dynamic PTM/PTP switch
In RAN2#113bis meeting, it was agreed that [2]
	· Dynamic PTM/PTP switch is supported for a split MRB bearer (type) with a common (single) PDCP entity.



According to the agreements, split MRB can be configured with:
· a common PDCP entity, 
· a PTM leg and PTP leg.


Figure 1 split MRB with PTM leg and PTP leg
RAN2 agreed that:
	· In RRC signalling, one MRB can be configured with PTM only or PTP only or both PTM and PTP.
· In RRC signalling, Support DL only UM RLC configuiration for PTM, both DL and UL AM RLC configuiration for PTP, DL only UM RLC configuiration for PTP



Based the agreements above, normally two types of RLC modes for split MRB are supported: (PTM RLC UM + PTP RLC UM), and (PTM RLC UM + PTP RLC AM).
When split MRB is configured, gNB decides to transmit PDCP PDUs via PTM RLC entity or PTP RLC entity or both. It may happen that the gNB dynamically change the MRB type in the following cases:
· PDCP PDUs are transmitted via PTM RLC entity only is switched to PDCP PDUs are transmitted via both PTM RLC entity and PTP RLC entity; or,
· PDCP PDUs are transmitted via PTM RLC entity only is switched to PDCP PDUs are transmitted via PTP RLC entity.
In general, if the UE is in stable good channel condition, it is applicable to use only PTM RLC entity to transmit PDCP PDUs. However, if the channel condition is deteriorated, the gNB may take the advantage of reliability of PTP, i.e. the above switching cases may happen. To minimize the data loss during the switching, it is beneficial to retransmit the missed packets via PTP leg. However, since the gNB cannot know whether PDCP PDUs are transmitted correctly from lower layer in RLC UM for PTM, the PDCP status report from UE side can be used to indicate which PDCP SDUs have received correctly as well as the COUNT value of the first missing PDCP SDU within the reordering window. This helps to avoid redundant transmission and improve the transmission reliability by inducting PDCP PDUs retransmission by PTP leg.
[bookmark: _Toc85721802]Observation 1: PDCP status report is beneficial to the case when dynamic PTM->PTP switch happens to help gNB to get the first PDCP SN in PTP RLC entity and which PDCP SDU is missed.

On the other hand, the UE may be not aware of the dynamic PTM to PTP switch, as it is agreed to not indicate PTM deactivation/activation to UE via L2/L1 manner, according to RAN2#115e agreement [1] as below,
	Will not support PTM deactivation/activation beyond RRC reconfiguration acc to first agreement above (and whatever R1 decides).



So UE cannot perform the PDCP status report autonomously due to not knowing when the switching happens, it is necessary to specify some triggering mechanisms, for example, the PDCP status report is triggered by gNB polling.
[bookmark: _Toc85721803]Observation 2: PDCP status report triggered by gNB polling is useful especially when the UE is not aware of the dynamic PTM/PTP switch.
2.1.3 Normal PTM mode
In normal PTM mode, PDCP PDUs are transmitted via PTM RLC entity only. When the network detects that the channel condition is deteriorated temporarily by CSI, the network can trigger PDCP status report to improve the transmission reliability. Similar to the case in dynamic PTM/PTP switch, the gNB can poll PDCP status report to the UE. 
[bookmark: _Toc85721804]Observation 3: PDCP status report is beneficial to the case when the channel condition is deteriorated temporarily for normal PTM mode.
[bookmark: _Toc85721805][bookmark: _Ref78972798][bookmark: _Toc85271924]Observation 4: PDCP status report triggered by gNB polling is useful for normal PTM mode.
Taking the above analysis into consideration, we propose that:
[bookmark: _Toc85721861]Proposal 2: Discuss whether to support PDCP status report triggered by gNB polling.
2.2	 PDCP retransmission
MBS services with high reliability are still required in Rel-17. Ultra-high reliability requirement should be supported by RLC AM for PTP, and PDCP retransmission can be a complementary solution to improve transmission reliability when needed. To minimize specification impacts, we prefer the simplest and direct solution although many solutions were mentioned in previous meetings.
PDCP retransmission procedure for MRB could be:
· Step 1: PDCP status report is triggered and transmitted from UE. 
To simplify the solution, we can consider PDCP status report triggered by gNB polling only in Rel-17. The PDCP status report should be transmitted in RLC leg for PTP. With RLC AM for PTP, the transmitting side of RLC AM entity can be used to transmit PDCP status report. It is also possible to support PDCP status report when the PTP RLC entity is configured as RLC UM.
· Step 2: gNB performs PDCP retransmission according to PDCP status report in PTP leg or PTM leg. Since MRB packets are transmitted in downlink only. Step 2 has no specification impact at all.
[bookmark: _Ref78972809][bookmark: _Toc85271925]Considering the minimized specification impact and benefits for reliability improvement, PDCP retransmission should be supported.
[bookmark: _Toc85721862]Proposal 3: PDCP retransmission due to PDCP status report can be supported in MBS.
2.3	SN length
In NR, the SN length of PDCP is 12 bits and 18 bits separately. But for PDCP of MRB, there is no conclusion on the length of the SN in PDCP. In our understanding, we can align with the principle of unicast, i.e. the SN length of PDCP can be either 12bits or 18bits. This leaves flexibility to the network to configure proper length SN to well adapt to the traffic characteristic.
[bookmark: _Toc85273363][bookmark: _Toc85721863]Proposal 4: the SN length of PDCP for MRB can be 12 bits or 18 bits, which follows the principle of unicast.
Moreover, the concatenation function is moved from RLC to MAC in NR. Therefore, the SN length of RLC should align with that in PDCP. Hence, it is straightforward that the SN length in RLC for MRB is 12bits and 18bits as well.
[bookmark: _Toc85273364][bookmark: _Toc85721864]Proposal 5: the SN length of RLC for MRB can be 12 bits or 18 bits, which follows the principle of unicast.
2.4	HFN notification
In last meeting, it was agreed that HFN can be notified by gNB if needed. But there is no agreement on how to notify the HFN. The candidate solutions can be:
· Approach 1: Using RRC singalling ;
· Approach 2: Using PDCP PDU (i.e. PDCP control PDU, or header of PDCP data PDU).
Apparently, HFN in RRC signaling can be encrypted which guarantees security. However, from another aspect, the HFN may be not synchronized due to the fact that the gNB-CP and gNB-UP are not synchronized which is illustrated in email discussion [3]. On the other hand, the PDCP based solution can avoid the HFN de-sync issue. So we propose that:
[bookmark: _Toc85273365][bookmark: _Toc85721865]Proposal 6: PDCP PDU is used to notify the HFN in MBS.
2.5	Initial value of RX_DELIV
In the email discussion [3], how to set the initial value of RX_RELIV in PDCP was discussed. In NR, in order delivery of RLC PDU is not supported in RLC. Therefore, due to the HARQ retransmission, it may happen that the PDUs which are received after the “first” received PDCP PDU were actually sent before the “first” received PDU. But based on the PDCP specification, these PDUs may be discarded. Two solutions are provided in the email discussion:
· Option 1:  set the initial value of RX_DELIV a value before RX_NEXT;
· Option 2: set the value of RX_DELIV equals to RX_NEXT;
From our perspective, the issue may happen in the following two cases:
Case 1: the UE joining an ongoing MBS session:
In this case, it is inevitable that data loss may happen since the UE miss the former transmission phase. Therefore, data loss is not one big issue.
Case 2: Group notification on the session activation after multicast deactivation:
In this case, continuous transmission should be guaranteed after the session is reactivated. Otherwise, data loss may happen which will harm the user experience.
In accordance to the above analysis we think supporting data loss in MBS is essential. Therefore, we propose that:
[bookmark: _Toc85721866]Proposal 7: The initial value of RX_DELIV is set before RX_NEXT.
2.6	Indication of RLC entity for PTM or PTP transmission
There was one FFS and which is also included in the email addressing whether RLC entity for PTM or PTP transmission is explicit or implicit indicated by network. Actually, this issue highly depends on whether the LCID space for Multicast PTM and Unicast DTCH is shared or separate. From our perspective, common LCID space is may have negative impacts to the legacy UEs. Therefore, we prefer separate LCID space is used for Multicast PTM. If so, we can use LCID space to identify whether the RLC entity is for PTM or for PTP transmission.
Therefore, we propose that:
[bookmark: _Toc85721867]Proposal 8: No need to explicitly indicate the RLC entity is for PTM or PTP transmission if separate LCID space is used for multicast PTM.

Conclusion
In this document, we analysis the remaining issues of UP for MBS, resulting in the following observations and proposals:
Observation 1: PDCP status report is beneficial to the case when dynamic PTM->PTP switch happens to help gNB to get the first PDCP SN in PTP RLC entity and which PDCP SDU is missed.
Observation 2: PDCP status report triggered by gNB polling is useful especially when the UE is not aware of the dynamic PTM/PTP switch.
Observation 3: PDCP status report is beneficial to the case when the channel condition is deteriorated temporarily for normal PTM mode.
Observation 4: PDCP status report triggered by gNB polling is useful for normal PTM mode.
Proposal 1: New trigger(s) of PDCP status report should be defined for MRB bearer type change in RRC signalling.
[bookmark: _GoBack]Proposal 2: Discuss whether to support PDCP status report triggered by gNB polling.
Proposal 3: PDCP retransmission due to PDCP status report can be supported in MBS.
Proposal 4: the SN length of PDCP for MRB can be 12 bits or 18 bits, which follows the principle of unicast.
Proposal 5: the SN length of RLC for MRB can be 12 bits or 18 bits, which follows the principle of unicast.
Proposal 6: PDCP PDU is used to notify the HFN in MBS.
Proposal 7: The initial value of RX_DELIV is set before RX_NEXT.
Proposal 8: No need to explicitly indicate the RLC entity is for PTM or PTP transmission if separate LCID space is used for multicast PTM.
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