[bookmark: OLE_LINK64][bookmark: OLE_LINK65]3GPP TSG-RAN WG4 Meeting # 104bis-e	R4-2216308
Electronic Meeting, October 10 – October 19, 2022

Title: 	Discussion on	L1/L2 based inter-cell mobility for mobility latency reduction
[bookmark: OLE_LINK25]Source: 	Huawei, HiSilicon
[bookmark: _GoBack]Agenda item:	6.20.3
Document for:	Discussion
Introduction
R18 Further NR Mobility Enhancements [1] has been carried out in last meeting. This contribution provides further analysis on L1/L2 based inter-cell mobility for mobility latency reduction from RRM perspective.
Discussion
[bookmark: OLE_LINK232][bookmark: OLE_LINK233][bookmark: OLE_LINK665][bookmark: OLE_LINK666][bookmark: OLE_LINK667]L1/L2 based inter-cell mobility is a direction of Rel-18 Mobility Enhancement, which aims at reducing the latency during handover. The objectives are duplicated as below.
	1. To specify mechanism and procedures of L1/L2 based inter-cell mobility for mobility latency reduction:
· Configuration and maintenance for multiple candidate cells to allow fast application of configurations for candidate cells [RAN2, RAN3]
· Dynamic switch mechanism among candidate serving cells (including SpCell and SCell) for the potential applicable scenarios based on L1/L2 signalling [RAN2, RAN1]
· L1 enhancements for inter-cell beam management, including L1 measurement and reporting, and beam indication [RAN1, RAN2]
· Note 1: Early RAN2 involvement is necessary, including the possibility of further clarifying the interaction between this bullet with the previous bullet
· Timing Advance management [RAN1, RAN2]
· CU-DU interface signaling to support L1/L2 mobility, if needed [RAN3]

Note 2: FR2 specific enhancements are not precluded, if any.
Note 3: The procedure of L1/L2 based inter-cell mobility are applicable to the following scenarios:
· Standalone, CA and NR-DC case with serving cell change within one CG
· Intra-DU case and intra-CU inter-DU case (applicable for Standalone and CA: no new RAN interfaces are expected)
· Both intra-frequency and inter-frequency
· Both FR1 and FR2
· Source and target cells may be synchronized or non-synchronized



Scenario 
In R17 FeRRM, only intra-frequency inter-cell L1-RSRP is supported where the applicable scenario is very limited. In R18 mobility enhancement WI, both intra-frequency and inter-frequency L1/L2 mobility are explicitly mentioned in the work scope. 
	Note 3: The procedure of L1/L2 based inter-cell mobility are applicable to the following scenarios:
· Standalone, CA and NR-DC case with serving cell change within one CG
· Intra-DU case and intra-CU inter-DU case (applicable for Standalone and CA: no new RAN interfaces are expected)
· Both intra-frequency and inter-frequency
· Both FR1 and FR2
· Source and target cells may be synchronized or non-synchronized


To support intra-frequency and inter-frequency L1/L2 based inter-cell mobility, intra-frequency and inter-frequency L1/L2 measurement shall be supported. Moreover inter-frequency is a typical scenario for handover. Not supporting inter-frequency would loss a part of essential deployment scenario from network deployment perspective.
Proposal 1: Both intra-frequency and inter-frequency L1/L2 measurement are supposed to be supported as it is in the WI scope.
Simultaneous RX/Tx with both source and target cell is supported in R16 DAPS handover. The target of DAPS is to reduce the interruption during handover rather than handover delay. Moreover DAPS handover requires high UE complexity, e.g., dual protocol stacks, enhanced RF/baseband capability. For L1/L2 inter-cell mobility, the target is for handover delay reduction. Whether the interruption during handover aims to be reduced depends on L1/L2 inter-cell mobility design structure. We think simultaneous RX/Tx with both source and target cell is supposed to be regarded as a low priority for R18 L1/L2 inter-cell mobility.
Proposal 2: Simultaneous RX/Tx with both source and target cell is regarded as a low priority for R18 L1/L2 inter-cell mobility.
Whether to consider multiple-panel was discussed in last meeting. So far R18 multiple-panel RX WI considers intra-cell scenario as the first priority, and the inter-cell scenario is FFS. Moreover even if inter-cell scenario is supported in R18 multiple panel WI, it will focus on DL reception on serving cell using inter-cell mTRP. However L1/L2 inter-cell mobility focus on the inter-cell mobility (including L1/L2 measurement on neighbour cell). Whether the conclusions achieved in R18 multiple-panel RX reception can be directly applied for R18 mobility enhancement needs careful study. In addition, mixed two R18 features is supposed to be avoid. If there is strong motivation to do so, it shall first revise the WID in RAN plenary.
Proposal 3: Don’t consider R18 simultaneous multiple-panel in this WI.
In R17 FeRRM, only one non-serving cell for FR2 L1-RSRP is supported (see below). In R18 L1/L2 inter-cell mobility, the L1/L2 inter-cell mobility supported UE would perform L3 measurement on multiple neighbor cells firstly. The possible procedure is that the limited number of candidate cells selected through L3 measurement and then network configure L1/L2 related measurements related with the candidate cells and then UE report corresponding L1/L2 measurement report.  In our understanding, it is possible there are more than one (but the number is limited) non-serving cells per frequency layer for L1/L2 mobility. Therefore the number of cells to be monitored per frequency layer and supported inter-frequency layers are to be discussed.
	9.13.2	Requirements Applicability 
The requirements in clause 9.13 apply, provided the SSB from cell with PCI different from serving cell configured for L1-RSRP if the following conditions are met:
-	the number of cells with PCI different from seving cells Nmax = 1 for FR2 and FFS for FR1
-	The cell with different PCI from serving cell is known 
-	The SSB resources configured for L1-RSRP measurements are measurable


Proposal 4: For R18 L1/L2 inter-cell mobility, the number of cells to be monitored per frequency layer and supported inter-frequency layers are to be discussed.
If more than 1 non-serving cell are supported to perform L1/L2 mobility, the R17 scaling factor between serving cell L1 measurement and non-serving cells, i.e., Psc and PCDP needs update correspondingly.
Proposal 5: If more than 1 non-serving cell are supported to perform L1/L2 mobility, the R17 scaling factor between serving cell L1 measurement and non-serving cells, i.e., Psc and PCDP, needs update correspondingly.
RRM requirements impact
In legacy the handover delay includes the following parts: RRC procedure delay, cell detection delay, UE processing, RACH uncertainty and fine timing latency. The aim of the L1/L2 mobility is for latency reduction. Although the detailed L1/L2 inter-cell mobility procedure would be discussed in RAN2, at this stage RAN4 can still observe some possible enhanced components:
· Handover command processing delay: in our understanding the L1/L2 inter-cell mobility would be triggered by MAC/DCI rather than RRC. Typically, processing of L1 or L2 (MAC CE) is faster.
· The pre-condition of UE to perform L1/L2 mobility is based on the coarse timing. Therefore the target cell is already known to UE. Tsearch can be zero.
· UE processing time is UE software processing and RF warmup delay. As UE has already perform L1/L2 measurement on the target cell, the RF chain/baseband are activated in some extent. If only limited reconfiguration parameters of target cell are carried in L1/L2 handover command, then the software time for target cell parameter loading time can be reduced. Moreover in our understanding, the legacy UE processing time (20ms) has already has some margin. Therefore there are rooms to reduce UE processing time for L1/L2 mobility.
· RACH: to our knowledge, RACH-less solution is one potential direction in L1/L2 inter-cell mobility. RAN2 and RAN1 would further discuss this enhancement. 
· Fining timing: In last RAN2 meeting, the following agreements on HO interruption time are achieved,
	· Assumption: HO interruption time for L1/L2-based inter-cell mobility is the time from UE receives the cell switch command to UE performs the first DL/UL reception/transmission on the indicated beam of the target cell. FFS if TRS tracking after HO and CSI RS measurement should also be included, i.e. the time to use a high-performance beam (can be clarified further).
· Assumption: To reduce HO interruption time, investigate e.g. solutions to reduce the time for UE reconfiguration (already in the WID), downlink and uplink synchronization after handover decision (other parts of dynamic switch not precluded).


If the measured inter-cell beam information can be stored in UE (e.g., in active TCI state list) and UE keep tracking, then when UE is triggered to handover to the beam, there may no need to perform fine timing during handover procedure.
In summary, RAN4 would specify L1/L2 inter-cell mobility delay which would be reduced compared to L3 handover delay.
Proposal 6: Each component of L1/L2 inter-cell mobility delay would be analyzed.
The L1/L2 measurement configuration of the candidate cells would be configured. To avoid UE search L1-RSRP resources everywhere, it is suggested to define a window in which all to-be-measured L1-RSRP resources on one intra-frequency layer are configured. In R16 CSI-RS L3 mobility, similar window (5ms) is specified for the same intention.
Proposal 7: Specify a window where all L1-RSRP resources on one intra-frequency layer are configured.
Conclusions
This contribution provides further analysis on L1/L2 based inter-cell mobility for mobility latency reduction. The following proposals are provided:
Proposal 1: Both intra-frequency and inter-frequency L1/L2 measurement are supposed to be supported as it is in the WI scope.
Proposal 2: Simultaneous RX/Tx with both source and target cell is regarded as a low priority for R18 L1/L2 inter-cell mobility.
Proposal 3: Don’t consider R18 simultaneous multiple-panel in this WI.
Proposal 4: For R18 L1/L2 inter-cell mobility, the number of cells to be monitored per frequency layer and supported inter-frequency layers are to be discussed.
Proposal 5: If more than 1 non-serving cell are supported to perform L1/L2 mobility, the R17 scaling factor between serving cell L1 measurement and non-serving cells, i.e., Psc and PCDP, needs update correspondingly.
Proposal 6: Each component of L1/L2 inter-cell mobility delay would be analyzed.
Proposal 7: Specify a window where all L1-RSRP resources on one intra-frequency layer are configured.

Reference
[1]. RP-213565, New WID on Further NR mobility enhancements, MediaTek

8

3

