3GPP RAN WG2 Meeting #113-bis Electronic	R2-2102782
Online, April 12 –20, 2021
Agenda Item:	8.1.2.1
Source:	MediaTek Inc.
Title:	MBS UP architecture 
Document for:	Discussion, Decision
Introduction
In RAN2#112e meeting, L2 Architecture and reliability of MBS service in RRC_CONNECTED state was discussed and the following proposals have been agreed:
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.
Working assumption: RLC-AM for PTM is not supported (can be revisited but it means that proponents of RLC-AM for PTM need to demonstrate the need, to change this).
In RAN2#113-e meeting, RAN2 chair summarized these issues into aspects [1]: 
A.	L2 ARQ for PTM for normal data transfer
B.	Which layer anchors the PTM PTP switch, i.e. at PTM PTP switch which layer remains the same, (and might be responsible for service continuity). 
Both point A and B are included here because several companies indicate that they are inter-dependent, 
For A. there seems to be the following options on the table: 
A1. No L2 ARQ for PTM
A2. L2 ARQ by PDCP for PTM 
A3. L2 ARQ by RLC-AM for PTM
For B. There seems to be the following options on the table: 
B1. PDCP anchored PTM/PTP switch
B2. RLC anchored PTM/PTP Switch
And it was proposed therein:
Proposal 1: A1+B1, No L2 ARQ with PDCP anchored PTM – PTP switching shall be supported, at least for the case that both PTM and PTP are RLC-UM.
Proposal 2: Discuss whether to support any of: 
- A1+B1 for PTM RLC-UM + PTP RLC-AM, possibly with some kind of data recovery in the switching procedure. 
- A2+B1 for PTM RLC-UM + PTP RLC-AM
- A3+B2(+B1) For PTM RLC-AM + PTP RLC-AM
Proposal 1 has been agreed:
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).

However, there is no agreement on proposal 2, which also contains the working assumption from RAN2#112e (i.e., whether to support RLC-AM for PTM).
This contribution firstly analyses and compares pros and cons of applying different solutions in proposal 2 of R2-2102313 to enhance reliability of PTM transmission, and then give the proposals for the options. In the end, there is a discussion on the L2 model of MBS transmission and UE reception. 
Modelling options for MBS UP architecture
This section discuss the possible modelling options for MBS UP architecture based on Proposal 2 of R2-2102313. 
A1+B1 for PTM RLC-UM + PTP RLC-AM
The only difference between this option and the agreed proposal 1 in R2-2102313 (i.e. A1+B1 for PTM RLC-UM + PTP RLC-UM) is that PTP works in RLC-AM mode (after switching). Obviously, this solution can improve reliability of PTP without any specs impact in UP architecture (just like RLC-AM mode in unicast).Someone may have concern on that this solution only can ensure the data reliability when gNB switches PTM to PTP [1]. However, switching to PTP is an effective way to ensure reliability when channel conditions deteriorate.
Now that proposal 1 in R2-2102313 (i.e. A1+B1 for PTM RLC-UM + PTP RLC-UM) has been agreed, we see no reason not to adopt this solution in MBS services with high reliability requirement.
Observation 1:	RLC-AM for PTP can improve reliability of MBS services without specs impact. 
Proposal 1: A1+B1, No L2 ARQ with PDCP anchored PTM – PTP switching is supported. PTP can be in either RLC-UM or RLC-AM, which depends on reliability requirements. 
However, If PTM/PTP switch is triggered by each retransmission; it will significantly reduce the radio efficiency and goes against the purpose of efficient use of spectrum in multicast services. Therefore, other solutions are needed, and this solution is only adopted when channel conditions cannot improve after deterioration.
A2+B1 for PTM RLC-UM + PTP RLC-AM
From the viewpoint of UP architecture, if L2 ARQ is implemented by PDCP retransmission, then the anchor for PTM PTP switch must be on PDCP(i.e., A2 has to combine with B1).
The first thing to mention is the misunderstanding on retransmission in A2. Someone think that retransmission is implemented via PTM leg, so then PDCP TX window needs to keep PDUs until receiving positive feedback from multiple UEs. However, we think that the lost SDU is retransmitted via PTP leg. See the following description from reference document [1]:  
A2: L2 ARQ by PDCP for PTM, UNDERSTANDING: In addition to A1, there is possibility to have PDCP retransmission of SDUs across PTP at lost data, which could be triggered by a PDCP status report (other trigger FFS). 
Besides, the arguments against this solution are as follows according to the email summary captured in R2-2102313:
1. In order to have PDCP based feedback, new triggers of PDCP Status Reports are needed to inform missing packets 
2. Current PDCP Rx window movement need to be modified similar to RLC AM window movement, otherwise any DL PDCP PDU Re-Tx will fall outside of PDCP Rx window and UE will simply discard them.
3. Compared with A3, A2+B1 has similar complexity but larger overhead, which is radio inefficient.
4. PDCP retransmission suffers performance degradation in split bearer like architecture for PTP/PTM dynamic switch. 
Arguments 1 to 3 can be summarized as an issue of how to achieve PDCP retransmission in MBS services. The core of the issue is whether changes similar to RLC-AM are needed for PDCP-based retransmission.
According to some opinions, PDCP-based ARQ in MBS services can be implemented by adding new triggers for PDCP status report (e.g. when t-reordering timer expires). In current specs, PDCP status report is triggered by upper layers. To provide automatic feedback when channel conditions deteriorate, the status report can be triggered after t-reordering expires. However, there is a concern for this type of PDCP retransmission [1] as listed below:
· When loss of a PDCP PDU is detected, the lower edge of PDCP reception buffer RX_DELIV is moved forward, and any retransmission of missing PDCP PDU would fall out of reception buffer.
· In order to allow retransmission of lost PDCP PDU without RRC involvement, management of the reception buffer at PDCP sublayer needs to be modified, practically replicating existing RLC functionality at PDCP sublayer.
To fix this, current specs needs to be modified with the following change. 
Specs impact：SDU will not be delivered to upper layer after t-reordering expires, and RX_DELIV remains unchanged. Based on this solution, we can apply the following changes for the specs of NR PDCP: 
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However, there may be a risk for this solution to affect HFN synchronization. Since RX_DELIV is moved only by the reception of the earliest SDU and all the following SDUs are buffered at the UE side. Then there is a possibility of HFN asynchronization between UE and network. But, this can be handled by network implementation without specification work.
This solution can solve the problem that the retransmission of missing PDCP PDU that was discarded due to RX_DELIV movement without additional specification impact.
Observation 2:	In addition to the new trigger for PDCP status report, other changes in specs are needed to support PDCP based ARQ. However, the changes are simple and have minimal impact on specification.
Based on this solution, arguments 1 to 3 can be solved. As for argument 4, it should be mentioned that A2 + B1 is similar to the legacy design in current split DRB architecture. That is, a common PDCP entity with the two RLC entities where one RLC bearer represents the PTM (or MN) RLC bearer and the other represents the PTP(or SN) RLC bearer respectively, which can be shown by the following figures: 


Figure 1: Radio Bearer structure for split-RB
This architecture is currently adopted by DC, PDCP duplication, DAPS, LTE-LWA, etc. It can facilitate the support of dynamic switch between PTM and PTP (avoiding packet loss by consistent PDCP SN allocation) and require much less specification efforts. Therefore, we think it should be agreed in addition to A1+B1 and be taken as a main solution to ensure the reliability of MBS services.
Proposal 2: A2+B1 for PTM RLC-UM + PTP RLC-AM is supported for NR MBS. 
A3+B2(+B1) For PTM RLC-AM + PTP RLC-AM
If L2 ARQ is implemented by RLC-AM, the anchor for PTM/PTP switch can be PDCP (A3+B1) or RLC (A3+B2) layer. Firstly, we will discuss the feasibility of A3+B1.
A3+B1 has the same architecture as A2+B1, but retransmission is implemented by RLC-AM. It’s hard to do this without PDCP because RLC entities for PTP and PTM are two separate entities.
After receiving status report from PTP leg, it is impossible to retransmit PDUs from the buffer of current RLC entities in PTM leg to PTP leg without PDCP layer. A two-loop architecture is needed if such retransmission is required and PDCP is needed anyway, which increases the complexity.
Observation 3:	A3 + B1 is difficult to realize because the retransmission across separated RLC entities needs support from PDCP layer, which is complex and unnecessary.
Proposal 3: A3+B1 is not supported for NR MBS. 
For the above reasons, A3 can only be associated with B2, which means RLC based ARQ with RLC anchored PTM/PTP Switch.
In this case, both PTP and PTM is supported by one single RLC-AM entity. The transmitter transmits RLC SDUs to UEs via PTM for the first time. When lost data need to be recovered, the transmitter can perform retransmissions of SDUs to a specific UE through PTP leg or to a group of UEs through PTM leg. 
In RLC UM mode, an UMD RLC PDU header contains the SN field only when the corresponding RLC SDU is segmented. Whether a RLC SDU will be segmented depends on the allocated resource size in MAC layer. When supporting RLC-UM for PTM, if PTP/PTM dynamic switch is supported and there is no SN field in UMD PDU header, SDU cannot be identified when PTP retransmission is needed. In UE side, Rx window management is needed due to different window types between PTP AM and PTM UM, which is very much challenging.
Observation 4:	Only UMD PDUs with SDU segments are allocated with RLC SNs. When switching to PTP retransmission, SDU cannot be identified if there is no SN field in UMD PDU header.
Observation 5:	Rx window management is needed In UE side due to different window types between AM and UM mode.
Proposal 4: RLC UM for PTM is not supported for RLC based ARQ in NR MBS.
Even if both PTM and PTP work in AM mode, there are still problems in retransmission. In PTM leg, downlink resource size of the group of UEs are unified and RLC SNs for different receiving UEs are aligned. However, in PTP retransmission, different UEs will be allocated with different resource size based on their corresponding conditions. RLC segmentations for different UEs is different even for the same MBS packet, which makes RLC SNs unaligned. So when switching back to PTM, it is difficult for the gNB to schedule PTM transmission using common RLC SNs.
Maybe the network can schedule the TB according to segmentation results in PTM leg, but it will lead to much more complexity and redundancy. Besides, the downlink resource for a UE may be shared with other DRBs, which will make this solution more difficult.
Observation 6:	In RLC-AM for PTP, different UEs will be allocated with different downlink resources which leads to different segmentations and RLC SNs cannot ensure to be aligned. When switching back to PTM transmission, it is difficult for the gNB to schedule using common RLC SNs. Even if this can be handled by network implementation, it still reduce the flexibility and efficiency of scheduling.
As for lossless handover, it is rather easy to realise in B1, because PDCP status report is supported for handover case anyway. However, it is difficult in B2, as UE has to receive the forwarded data via PTP and the new data via PTM simultaneously, which is hard for the target gNB to manage TX window with one common RLC entity.
Observation 7:	lossless handover is difficult to realise in RLC based PTP/PTM switching architecture
[bookmark: _GoBack]Furthermore, if retransmissions through PTM is needed to a group of UEs, it will lead to considerable complexity to the network side, as the RLC entity at gNB need to take care of RLC contexts of multiple UEs. The maintenance of transmission window based on feedback from multiple receivers will be much more complicated. Even if retransmissions is only through PTP leg, The RLC entity can still be complicated because PTM and PTP share the single RLC entity, which need to support both multicast and retransmission functions and requires considerable changes.
Observation 8:	Whether the retransmission is through PTM or PTP, the RLC entities at network side will be much more complicated than current specs.
Thus, we have the following proposal: 
Proposal 5: A3+B2(+B1) For PTM RLC-AM+ PTP RLC-AM is not supported in NR MBS.
Model of L2 MBS transmission and UE reception 
[image: ]
Figure 2: Model of L2 MBS transmission (Downlink)
Following the discussion above, this section aims to describe a general model for MBS transmission at L2 as depicted in Figure 2. In network side, there is only one PDCP entity established per MRB (serving all of the UEs) for reliable MBS transmission. The PDCP entity at network side delivers the PDCP packets to different RLC entities. The PDCP entity is tasked to perform both PTM transmission and PTP transmission. The PDCP entity can run in both PTM mode and PTP mode for initial PTM transmission. The PDCP entity can run in PTM mode and/or PTP mode for PDCP packet retransmission. Initial PTM transmission or PTM retransmission of data is multicast/broadcast to multiple UEs using G-RNTI via a specific logical channel. The LCH for PTM transmission can be MTCH as defined by legacy system. PTP transmission or PTP retransmission if needed is unicast to the UE using C-RNTI via a unicast LCH (i.e. DTCH). At UE side, there can be single/combined protocol stack established for the reception of both PTM transmission and PTP transmission for a particular MRB. It means the UE establishes a single DRB for the MRB. UE monitors two independent LCHs (one for PTM data and the other for PTP data) via different RNTIs. UE assembles the data packets from two independent LCHs at PDCP as the PDCP SN is allocated by a single PDCP entity at network side. UE performs packet reordering, packet redundant detection and packet discard at PDCP layer. In uplink, UE provides the uplink feedback (i.e. PDCP status report) using C-RNTI to the network via DTCH.
Proposal 6: The data of PTM (re)transmission is multicast to multiple UEs using G-RNTI via MTCH. 
Proposal 7: The data of PTP (re)transmission is unicast to a specific UE using C-RNTI via DTCH.
Proposal 8: UE provides the uplink feedback (i.e. PDCP status report) using C-RNTI to the network via DTCH.
Conclusion
In this contribution, the following observation were made: 
Observation 1:	RLC-AM for PTP can improve reliability of MBS services without specs impact. 
Observation 2:	In addition to the new trigger for PDCP status report, other changes in specs are needed to support PDCP based ARQ. However, the changes are simple and have minimal impact on specification.
Observation 3:	A3 + B1 is difficult to realize because the retransmission across separated RLC entities needs support from PDCP layer, which is complex and unnecessary.
Observation 4:	Only UMD PDUs with SDU segments are allocated with RLC SNs. When switching to PTP retransmission, SDU cannot be identified if there is no SN field in UMD PDU header.
Observation 5:	Rx window management is needed In UE side due to different window types between AM and UM mode.
Observation 6:	In RLC-AM for PTP, different UEs will be allocated with different downlink resources which leads to different segmentations and RLC SNs cannot ensure to be aligned. When switching back to PTM transmission, it is difficult for the gNB to schedule using common RLC SNs. Even if this can be handled by network implementation, it still reduce the flexibility and efficiency of scheduling.
Observation 7:	lossless handover is difficult to realise in RLC based PTP/PTM switching architecture
Observation 8:	Whether the retransmission is through PTM or PTP, the RLC entities at network side will be much more complicated than current specs.
Based on these observations, the following proposals were made:
Proposal 1: A1+B1, No L2 ARQ with PDCP anchored PTM – PTP switching is supported. PTP can be in either RLC-UM or RLC-AM, which depends on reliability requirements.
Proposal 2: A2+B1 for PTM RLC-UM + PTP RLC-AM is supported for NR MBS.
Proposal 3: A3+B1 is not supported for NR MBS. 
Proposal 4: RLC UM for PTM is not supported for RLC based ARQ in NR MBS.
Proposal 5: A3+B2(+B1) For PTM RLC-AM+ PTP RLC-AM is not supported in NR MBS.
Proposal 6: The data of PTM (re)transmission is multicast to multiple UEs using G-RNTI via MTCH. 
Proposal 7: The data of PTP (re)transmission is unicast to a specific UE using C-RNTI via DTCH.
Proposal 8: UE provides the uplink feedback (i.e. PDCP status report) using C-RNTI to the network via DTCH.
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5222 Actions when a t-Reordering expires

For MRB when -Reordering expires, the receiving PDCP entity shall:

- trigger a PDCP status report;

- update RX_REORD to RX_NEXT;

- start +-Reordering,
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