
3GPP TSG-RAN WG2 Meeting #122	R2-2305919
[bookmark: _GoBack]Incheon, Korea, 22nd - 26th May 2023

Agenda item:	7.4.2.3
Source: 	Huawei, HiSilicon
Title: 	L2 behaviours and reset indication
Document for:	Discussion and Decision
1.  Introduction
L1/L2-triggered mobility (LTM) aims at reducing the latency during cell switch [1]. Main steps are: 1) the network provides candidate cells pre-configuration to the UE, 2) the UE reports L1 measurement results, 3) the network triggers a cell switch command, and 4) the UE switches to the target cell. In this contribution, we further analyse the cell switch procedure, including L2 behaviours during cell switch, and how to indicate the L2 behaviours.
2. Discussion
2.1 MAC behaviours
In order to reduce the handover interruption, RAN2 discussed the L2 behaviours during LTM cell switch. The related agreements are:
	RAN2 119
R2 assumes that L2 is continued whenever possible (e.g. intra-DU), without Reset, with the target to avoid data loss, and the additional delay of data recovery.
RAN2 119bis
No security update support in Rel-18 with L1/L2 based mobility.
R2 assumes that at L1L2 cell switch: Whether the UE performs partial or full MAC reset (FFS what partial reset is, e.g. to avoid data loss), re-establish RLC, perform data recovery with PDCP is explicitly controlled by the network. R2 assumes that this can be configured by RRC. FFS if MAC CE indication(s) is/are needed. 
RAN2 120
RAN2 to have the mindset to have a common design for partial MAC reset for different cell change cases in intra-DU scenario (as far as reasonable)
The summary in [R2-2213336] could be considered as the starting point for partial reset in intra-DU.
RAN2 121
No consensus to support HARQ continuation (and in order to resume discussion some new input may be needed, e.g. quantitative evidence of a serious problem).
To determine if to reset L2 or not is based on RRC configuration (e.g. set of cells. FFS if separate for RLC, MAC, PDCP).


Partial MAC reset is one possible behaviour for intra-DU LTM. A number of MAC behaviours are directly related to the serving cell, e.g. RACH, BFR, PHR. Maintaining those MAC operations has little or no meaning when the UE switches to a new cell, so this also applies for a partial MAC reset. What could be maintained is the operations that operate at levels “higher” than a cell, e.g. BSR procedure that operates at LCH level. RAN2 could discuss whether it is useful to maintain "higher-level" MAC operations during LTM cell switch.
In legacy L3 handover, all triggered BSRs are cancelled by (full) MAC reset and RLC is re-established. In this case, the RRCReconfigurationComplete message generated after handover triggers a new regular BSR. So, the target cell knows UE’s uplink buffer status timely. In LTM, RAN2 assumes RRCReconfigurationComplete message is always sent at each LTM execution.
	RAN2 121bis
R2 assumes RRCReconfigurationComplete message is always sent at each LTM execution.


In intra-DU LTM, the UE may not re-establish RLC and may not re-establish PDCP, so the UE has some old data in the UL buffer. It is possible that the priority of these old data is the same with the RRCReconfigurationComplete message, so the UE does not trigger a new regular BSR after LTM cell switch timely.
Observation 1: If the RRCReconfigurationComplete message to be transmitted to the target cell is configured with the same (high) priority like other buffered LCH data (i.e. no higher priority data arrival) and RLC/PDCP is maintained (i.e. not to flush buffered data), a regular BSR may not be triggered timely.
In order to provide the UE buffer status information to the network early for better uplink scheduling, the UE can maintain the triggered BSR and transmit a BSR MAC CE early to the target cell. The regular BSR is triggered per LCH, so it is only possible to maintain a triggered regular BSR if the UE still has this LCH in the target configuration and this LCH still belongs to the same LCG. Another solution for letting the network know the UE buffer status very soon is that the UE triggers a new BSR after LTM cell switch. RAN2 can discuss these two solutions to let the network know the UE uplink buffer status timely.
Proposal 1: Select one of the following handling of the triggered BSR at LTM cell switch:
-	Option 1: the UE does not cancel BSRs triggered by an LCH that still exists in the target configuration. 
-	Option 2: the UE cancels the triggered BSRs at the source cell like in Rel-17 and triggers a new regular BSR at the target cell at LTM execution.
As for the ongoing RACH procedure in the source cell, it should be stopped during LTM cell switch, because the UE is going to switch to a new cell and the RACH towards the source cell has no use.
Proposal 2: At LTM cell switch, the UE stops any ongoing RACH procedure, flushes MsgA/Msg3 buffer and releases Temporary C-RNTI. 
2.2 PDCP behaviours
Regarding AM and UM DRBs, in intra-DU LTM, the RLC can remain as it is without re-establishment. In this case, for those DRBs, the PDCP can also remain as it is. In inter-DU LTM, the RLC re-establishment is performed for both AM and UM DRBs. PDCP data recovery is needed for AM DRBs, while PDCP can remain as it is for UM DRBs.
Regarding SRBs, in L3 handover, the network can set discardOnPDCP to true in L3 handover command. In this case, the PDCP entity of the UE shall discard all stored PDCP SDUs and PDUs. The benefit is that the UE does not need to transmit some signalling (e.g., the L3 measurement results of the source cell) which is not valid for the target cell. In LTM, the SRB discard behaviour could also be used.
Proposal 3: Support the use of PDCP discard for SRBs in LTM, i.e. discardOnPDCP (e.g., to discard invalid L3 measurement report).
2.3 L2 behaviour indication
In RAN2 #121 meeting, RAN2 agreed to use RRC to indicate L2 behaviour during LTM cell switch, as shown in the following agreement.
	RAN2 121
To determine if to reset L2 or not is based on RRC configuration (e.g. set of cells. FFS if separate for RLC, MAC, PDCP).


When executing LTM cell switch, the UE needs to determine the exact L2 behaviours. Behaviours on different protocol layer have relationships. RLC and PDCP have very close relationship, i.e. for AM DRB, if RLC is re-established, PDCP data recovery is necessary to avoid data loss and there is no use to do any PDCP action if RLC continues running normally. However, if MAC is reset, RLC AM can still recover any lost data, without the need of RLC re-establishment/PDCP data recovery, and, in some scenarios, such handling may actually provide better user experience thanks to less data to be retransmitted.
In some network deployments, MAC may be different for different cells while RLC/PDCP is common. In such deployments, it is easy to not do RLC re-establishment/PDCP data recovery but MAC needs to be reset. Ideally, the network would have a common MAC entity for all cells but due to the impact to an existing deployment it may not be the operator's preference to always do so.
Observation 2: There are use cases for performing MAC reset while not performing PDCP data recovery/RLC re-establishment at LTM cell switch.
RAN2 discussed "L2 reset", however, there may be different behaviours for different bearers. For example, for RLC UM bearers, PDCP data recovery is not applicable. In Rel-15/16/17 specification, RLC and PDCP L2 behaviours are controlled by Need N fields per radio bearer (for PDCP) and per RLC bearer (for RLC) and this is already covered by existing procedures.
Observation 3: In Rel-15/16/17, existing RRC procedures rely on optional flags (Need N fields) per radio/RLC bearer for PDCP/RLC. Reusing these procedures would be possible by signalling the existing flags.
Proposal 4a: The RLC/PDCP behaviours and MAC reset behaviour can be controlled/configured separately.
Proposal 4b: Reuse existing per radio/RLC bearer flags (Need N fields) to control the RLC/PDCP behaviours at LTM cells switch and introduce a new flag for MAC reset behaviour.
In the pre-configuration phase, the network decides the L2 behaviours at LTM cell switch from a particular source cell to a particular target cell. As discussed previously, the need for different actions may depend whether some functions are co-located on the network side or not. One way to obtain the desired UE behaviour could be to have candidate target cells belong to groups, and the network can configure separately: 1) the L2 actions to be executed if the source and the target cell belong to the same group 2) the L2 actions to be executed if the source and the target cell do not belong to the same group.
For instance, the network configures a group ID for each candidate target cell and two different L2 behaviours for this candidate target cell. At LTM cell switch, the UE applies one of the L2 behaviours if the group ID for the source and for the target cell are the same, the other L2 behaviours otherwise. A configuration example is shown in the Figure 1.
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Figure 1. A configuration example of L2 behaviour indication (with a single radio and RLC AM bearer as an exmaple)
In the above configuration:
-	if the UE switches from cell 0 to cell 1, they are in the same group to the UE will do the partial MAC reset and will not re-establish RLC and not perform data recovery. The same will happen if the UE moves from cell 1 to cell 0.
-	if the UE switches from cell 2 to cell 3 or from cell 3 to cell 2, the UE will perform a MAC reset and will not re-establish RLC and will not perform data recovery.
-	if the UE switched from cell 2 or 3 to cell 0, the UE does a full MAC reset, re-establishes RLC and performs PDCP data recovery.
Proposal 5: The network can control the UE MAC/RLC/PDCP behaviour at LTM cell switch by:
-	each candidate target cell is associated with a group ID in RRC;
- 	for each candidate target cell, there are two alternative configurations for MAC entity, radio bearers and RLC bearers, in which Need N fields can be different:
-	one configuration is to be applied when the source and the target cell configurations have the same group ID, the other is to be applied when they have different group ID.
This RRC controlled L2 behaviour indication is designed for subsequent LTM. In selective activation of SCGs, there is also subsequent cell switch procedure. Even though the exact L2 behaviour could be different for LTM and selective activation of SCGs, exactly the same procedure can be applied for selective activation of SCGs.
Proposal 6: Use the same solution/procedure of L2 behaviour indication in LTM for selective activation of SCGs.
3. Conclusion
In this contribution, we have the following proposals:
MAC behaviours
Proposal 1: Select one of the following handling of the triggered BSR at LTM cell switch:
-	Option 1: the UE does not cancel BSRs triggered by an LCH that still exists in the target configuration. 
-	Option 2: the UE cancels the triggered BSRs at the source cell like in Rel-17 and triggers a new regular BSR at the target cell at LTM execution.
Proposal 2: At LTM cell switch, the UE stops any ongoing RACH procedure, flushes MsgA/Msg3 buffer and releases Temporary C-RNTI. 
PDCP behaviours
Proposal 3: Support the use of PDCP discard for SRBs in LTM, i.e. discardOnPDCP (e.g., to discard invalid L3 measurement report).
L2 behaviour indication
Proposal 4a: The RLC/PDCP behaviours and MAC reset behaviour can be controlled/configured separately.
Proposal 4b: Reuse existing per radio/RLC bearer flags (Need N fields) to control the RLC/PDCP behaviours at LTM cells switch and introduce a new flag for MAC reset behaviour.
Proposal 5: The network can control the UE MAC/RLC/PDCP behaviour at LTM cell switch by:
-	each candidate target cell is associated with a group ID in RRC;
- 	for each candidate target cell, there are two alternative configurations for MAC entity, radio bearers and RLC bearers, in which Need N fields can be different:
-	one configuration is to be applied when the source and the target cell configurations have the same group ID, the other is to be applied when they have different group ID.
Proposal 6: Use the same solution/procedure of L2 behaviour indication in LTM for selective activation of SCGs.
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