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1.  Introduction
L1/L2-triggered mobility (LTM) aims at reducing the latency during cell switch [1]. In RAN2 #119-e and RAN2 #119bis-e meetings, RAN2 discussed the latency model and identified steps that can be enhanced to reduce the latency. Some enhancement methods (e.g., avoiding RACH during cell switch) need to be finalized by RAN1 and/or RAN4. In this contribution, we further analyse components in the latency model that can be enhanced from RAN2 perspective.
2. Discussion
In a post email discussion of RAN2 #119-e [2], the rapporteur suggests a latency model for L1/L2 mobility, as shown below.
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There are three main steps in the whole cell switch procedure: 1) UE reconfiguration, 2) DL synchronization and 3) UL synchronization. Regarding DL sync and UL sync, RAN2 made the following assumptions [3] and sent them to RAN1 and RAN4 in a LS [4]. RAN1 and RAN4 will study the feasibility of performing DL sync to candidate cell and RACH-less procedure. Therefore, we focus on the UE reconfiguration step in this tdoc, including ASN.1 decoding and compliance checking of the candidate pre-configuration, and L2 behaviour during cell switch.
	DL sync
R2 assumes that the following items may be discussed by RAN1 and RAN4 (and may be scenario specific): 
- Whether to perform DL synchronization to candidate/target cell before receiving the cell switch command. R2 assumes this is feasible at least for the case that the target cell is already an active serving cell.
- Whether to support of performing TRS tracking and CSI measurement of candidate/target cell before/by cell switch command
UL sync
RAN2 assumes that both RACH-based (CFRA, CBRA) and RACH-less procedures for L1 L2 mobility switch may be supported. RACH-less if the UE doesn’t need to acquire TA during the cell switch. RAN2 understands that the feasibility of RACH-less may depend on RAN1, and expect that RAN1 is working on this. 


2.1 ASN.1 decoding and compliance checking

In LTM procedure, the UE receives a RRC reconfiguration message that includes the pre-configuration of candidate cells. In RAN2 #119bis-e meeting, RAN2 discussed when the UE performs ASN.1 decoding and compliance checking.
	FFS whether ASN.1 decoding and validity/compliance check of candidate cell configuration are performed upon reception of the candidate cells configuration. FFS if this need to be specified. 


If the UE begins to decode the ASN.1 and check the compliance of the pre-configuration after receiving LTM cell switch command, this period of time is counted on the interruption time. To reduce the interruption, we expect that the UE can decode the ASN.1 and check the compliance earlier, i.e., before receiving LTM cell switch command. One concern of early decoding and checking is that the UE may process many things that are not used. It is true that the UE may decode and check the pre-configuration of a candidate cell that is not indicated as the target cell in the next switch time, but this cell could be the target cell later since subsequent LTM is supported. Another concern is that the UE performs RRC re-establishment if the compliance checking fails for candidate cells, even though such candidate cells might not be used. However, the configuration of LTM is managed by the same CU so the possibility of configuration error should be very low. Therefore, it is not a problem to re-use the legacy procedure for invalid reconfiguration, i.e., the UE initiates the RRC connection re-establishment procedure. Of course, we may not specify when the UE should do the decoding and checking because this is not testable but this should be considered in the handover latency requirement discussion.
Proposal 1a: The UE processing delay requirements assume 0ms delay for ASN.1 decoding upon reception of the LTM cell switch command (because the UE implementation can decode ASN.1 upon reception of the RRC pre-configuration).
Proposal 1b: The UE processing delay requirements assume 0ms delay for validity/compliance check of the target configuration upon reception of the LTM cell switch command (because the UE implementation can do the checking earlier).
2.2 L2 behaviour 
L2 behaviour is a part of UE processing after receiving the LTM cell switch command. RAN2 made the following agreements in RAN2 #119bis-e meeting.
	No security update support in Rel-18 with L1/L2 based mobility.
For UE processing, the following (not exhaustive) is assumed to be performed after receiving the cell switch command:
MAC/RLC reset (when configured) 
RF retuning (e.g. needed for inter-frequency), baseband retuning
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. 


Since Rel-18 LTM is applicable to intra-CU case only and RAN2 agreed that no security update support by LTM, PDCP re-establishment can be avoided, which helps to reduce the handover interruption time.
Proposal 2: There is no need of PDCP re-establishment in LTM.
Regarding SRB, 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 should also be considered.
Proposal 3: Support the use of PDCP discard for SRB in LTM (e.g., to discard invalid L3 measurement report).
Full MAC reset is performed during L3 handover procedure, during which the MAC-related timers are stopped, the triggered MAC procedures are cancelled, and the soft buffer for HARQ processes are flushed. In LTM, RAN2 discussed partial MAC reset, e.g., in intra-DU case. However, what is a partial MAC reset is still unclear. We discuss partial MAC reset from three aspects.
1) Timers stop or continue
There are many timers in MAC operations, e.g., bwp-InactivityTimer, timeAlignmentTimer, configuredGrantTimer etc. The motivation or benefits by continuing to run a specific timer is not clear. In addition, stopping all these timers should not create any delay.
Observation 1: From UE processing time perspective, there is no benefit to keep MAC-related timers running at LTM cell switch.
2) MAC procedures cancel/stop or pend
Some functions of the MAC layer are closely related to the serving cells. For instance, if the UE’s BFI_COUNTER was already increased a number of times in the source cell and the UE continues this counter in the target cell, it is likely that when the target cell beam condition suffers degradation for a short period of time, the counter reaches the threshold and the UE declares beam failure in the target cell. In L3 handover, this is not considered a valid reason to declare beam failure because the target cell beam may become good very soon.
Observation 2: Cell level MAC variables should not be kept after cell switch.
3) HARQ buffers flush or remain
Doing partial MAC reset by remaining HARQ buffer may reduce the delay caused by HARQ re-transmission. However, the HARQ entity is per serving cell. If the target cell and the source cell have different HARQ-related parameters (e.g., the number of HARQ processes), or if the target cell group and the source cell group have different number of serving cells, the UE behaviour towards remaining HARQ buffers would be unclear. RAN1 and RAN2 previously discussed “cross-carrier HARQ re-transmission” and raised the considerable complexity for such operation both for the network and for the UE. This was discussed in multiple releases of LTE and NR, and it is not agreed due to the complexity. In addition, how the network and the UE understand the NDI value after LTM is unclear.
Observation 3: Not flushing HARQ buffers upon cell switch in LTM would result in significant complexity while continuation of HARQ retransmissions is not always possible even for intra-DU cases, since HARQ entity is modelled as per cell.
In summary, the benefit of partial MAC reset is unclear while there is significant complexity. RAN2 should have clear definition and motivation before adopting a kind of partial MAC reset in LTM.
Proposal 4: For intra-DU or inter-DU mobility, perform full MAC reset (i.e. like Rel-15) at LTM cell switch.
3. Conclusion
In this contribution, we have the following proposals:
ASN.1 decoding
Proposal 1a: The UE processing delay requirements assume 0ms delay for ASN.1 decoding upon reception of the LTM cell switch command (because the UE implementation can decode ASN.1 upon reception of the RRC pre-configuration).
Proposal 1b: The UE processing delay requirements assume 0ms delay for validity/compliance check of the target configuration upon reception of the LTM cell switch command (because the UE implementation can do the checking earlier).
L2 behaviour
Proposal 2: There is no need of PDCP re-establishment in LTM.
Proposal 3: Support the use of PDCP discard for SRB in LTM (e.g., to discard invalid L3 measurement report).
Proposal 4: For intra-DU or inter-DU mobility, perform full MAC reset (i.e. like Rel-15) at LTM cell switch.
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