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1. Introduction
The WI on further NR mobility enhancements [1] includes the following objectives for L1/2 based inter-cell mobility: 

	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




The main aim of this objective is to introduce L1/2 triggered cell change, for mobility latency reduction. In this contribution we provide an overview of the procedure and high level open issues.
2. Discussion



Figure 1: LTM baseline procedure ([3])

Figure 1 above shows the baseline LTM procedure (as captured in the running stage 2 CR [3]) broken down into 4 general phases:
1. LTM preparation
2. Early sync
3. LTM execution
4. LTM completion

The discussion so far in RAN2 has focused mainly (almost exclusively) on the first phase (LTM preparation) and the third phase (LTM execution). In terms of the overall procedure, the procedures for the second phase (Early sync) are fundamental, and although the details are primarily discussed in RAN1, we in RAN2 need to be clear on the interactions because the requirements in both LTM preparation and execution depend somewhat on what is done in early sync.
LTM Preparation



Figure 2: LTM preparation phase

The LTM preparation phase is relatively straightforward to describe. It has been agreed already that a L1/L2 inter-cell mobility candidate (target) configuration is received within an RRC message before the L1/L2 dynamic switch is triggered. It has also been assumed in RAN2 that candidate cell configuration can only be modified / released by Network, and subsequent LTM cell change between candidates without RRC reconfiguration can be supported. All of this implies some initial setup and maintenance of the LTM candidate set using RRC measurement reporting and RRC reconfiguration. As with any RRC reconfiguration, it is expected that the network may use UE measurement reporting to make decisions as to what cells are included in the candidate set, but it should also be possible for the network to blindly set up a candidate list. For example, depending on the details of the early phase, the gNB may set up multiple candidates blindly (e.g. before they can be measured by the UE) in this preparation phase or the gNB may setup candidates based on what has been reported.

Proposal 1: The LTM preparation phase consists of the following steps (RAN2 to discuss)
1. L3 measurements and reporting for candidate set management
· FFS New measurement events are needed e.g. for comparing candidates with neighbours or for reporting some LTM specific conditions on candidate cells.
2. RRC Pre-configuration of candidate configurations
3. RRC Reconfiguration (addition/replace/release candidate configurations)
· Steps 2/3 Can be configured blindly (E.g. without measurements) or based on L3 measurement reports.
· LTM preparation phase is ongoing – i.e. it is used for initial setup and for maintenance of LTM candidates.
· FFS whether candidate configurations list is static or whether there is some association with current conditions (E.g. current PCell)
Early sync 



Figure 3: LTM early sync phase

One aspect that has not been discussed in detail is whether the procedures in the early sync procedure are performed on all of the LTM candidates cells configured in the preparation phase, or whether UE performs sync (and possibly L1 measurements in the execution phase)_on only a subset of the candidate cells configured by RRC.

One could foresee a solution in which only the preparation and execution phases exist. The UE performs L3 measurements and reports the neighbour cells which are e.g. above a threshold. The gNB then performs RRC reconfiguration to add the cell to the candidate set, which also enables other enhancements straight away (e.g. when a cell is added as a candidate then UE automatically starts L1 CSI measurement and reporting, attempts to do DL/UL sync, performs RLF/BFD). This may however not be optimal because just like L3 mobility a candidate needs to be detected and reported at L3 before it can be added to the candidate set, otherwise the UE has to monitor an excessive number of the candidates e.g. using L1 CSI measurements.

Another possibility would be that the gNB configures multiple candidates in the LTM preparation phase, but the closer monitoring of candidates (sync, CSI reporting) is only enabled during the early sync phase. This could be, for example, to minimise CSI reporting overhead, to enable multiple candidates to be preconfigured at RRC without requiring the UE to perform excessive measurements or e.g. RLM on an excessive number of cells. One option is to configure the measurements separately to LTM candidates, such that the measurement configuration (E.g. CSI resource and reporting configs) is only enabled for some of the LTM candidates. 

Similarly, the DL/UL sync might be triggered on only a subset of the LTM candidates. Since we assume that at least DL and UL sync can be performed on a candidate target cell before the cell switch command is received, we would want to perform those procedures on only one or a selected few candidates only. However, pre-configuring one or a selected few candidates using RRC in the LTM preparation phase may not be sufficient from the point of view of being able to pre-configure enough candidates ahead of detection (and the associated measurement, reporting, and reconfiguration overhead) to reduce the handover latency, because we rely on RRC measurement reporting (and the associated filtering and reporting delays) to detect a cell before it can be configured as a candidate.

Hence, it could be beneficial to use as part of early sync an intermediate phase consisting of some (less intensive than CSI and quicker than RRC) measurements and reporting, and a trigger (e.g. a MAC CE) to perform (more intensive) CSI measurements and closer monitoring (i.e. triggering DL sync) on a smaller set of cells ahead of the final cell switch trigger, and potentially ahead of the PDCCH ordered RA agreed by RAN1

In any case, from a RAN2 perspective, it could be observed that without some intermediate control (based on L1/2 signalling) of the set of candidate cells, or without performing the early sync, then the mobility latency may not be sufficiently improved, the overall size of the candidate cell set (including configuring L1 measurements) would be limited to only a few cells if controlled only by RRC, otherwise the amount of configuration overhead (As well as the uplink resource overhead for CSI reporting) would be excessive.

Observation: An LTM procedure which enables early sync and L1 measurements based only on cell detection performed by RRC measurements may not sufficiently improve mobility latency, and implies either a small/limited set of LTM candidates or a high amount of signalling and resource overhead. 

Proposal 2: The early sync phase of LTM consists of the following steps (RAN2 and RAN1 discussion needed)
1. Reporting of detected candidate cells
· Based on L1 measurements (e.g. SSB beam measurement)
· MAC CE used for reporting
2. Enabling L1 measurement reporting configurations
· MAC CE triggered
· FFS Used to trigger DL sync
· FFS Enabling RLM of target candidate cells 
· FFS Enabling BFD of target candidate cells 
3. PDCCH ordered RA for TA acquisition
LTM Execution 



Figure 4: LTM execution phase

The LTM execution phase, similar to the LTM preparation phase, is relatively straightforward to describe. It has already been agreed that RAN1 will discuss the details of L1 measurement enhancement, and that these would ultimately be reported in some for to be used to determine when the handover trigger would be sent. It has already been agreed that the handover trigger will be MAC CE. It is clear that, following the reconfiguration trigger, an RRC reconfiguration procedure needs to be performed. 

Proposal 3: The LTM execution phase consists of the following steps (RAN2 and RAN1 discussion needed):
1. L1 Measurements and reporting of a subset of candidate cells (RAN1 to discuss)
2. Receiving LTM trigger by MAC CE including candidate configuration identity
3. RRC reconfiguration procedure to apply the indicated candidate configurations

In addition to the MAC CE triggering LTM, it has been agreed that at RLF or LTM execution failure (for MCG), RAN2 intend to support fast recovery to a candidate cell by LTM execution. Also, several companies propose inter-cell BFR – for example to execute LTM and trigger BFR on a beam belonging to a different cell than the current cell, in case beam failure is detected. . 

Rather than assuming that LTM can be triggered only after an RLF or HOF, RAN2 could consider how to measure and select a suitable candidate more quickly – for example, instead of waiting for RLF detection if there is a suitable LTM candidate available when out-of-sync is detected, then LTM could be triggered before T310 expires allowing for a faster recovery.

Proposal 4a: Instead of waiting for RLF (T310 expiry), if there is a suitable LTM candidate available before T310 expires then LTM is triggered. 
Proposal 4b: As a baseline, LTM can be triggered to a suitable candidate upon HOF (new LTM supervisor timer expiry). RAN2 to discuss whether a faster recovery can be supported for HOF e.g. before expiry of the new LTM supervisor timer expiry, if there is a suitable alternative candidate cell.
Proposal 4c: RAN2 to discuss whether BFR can be performed on an LTM candidate cell.
LTM Completion 



Figure 5: LTM completion phase

It has been agreed that the UE always sends RRC Reconfiguration Complete upon LTM completion. However, it is not agreed how the UE determines successful completion. From the last meeting one issue not concluded offline [4] is as follows:
	Open Issues for LTM procedure: 
Proposal 2f: [open issue] In LTM, RAN2 to further discuss the option for UE to determine the successful reception of its first UL data by NW:
Option 1: RLC ACK of RRCReconfigurationComplete
Option 2: C-RNTI addressed PDCCH
Option 3: DL Contention Resolution MAC CE 




Since the NW is informed of successful completion by RRC, then the most reliable way to ensure that both the UE an NW are in sync is acknowledgement of delivery of this RRC message. Hence it is poroposed 

Proposal 5: UE determines the successful reception of its first UL data by NW when it receives the RLC ACK of RRCReconfigurationComplete
5. Conclusion
In this paper we provide the following observsations and proposals regarding what to consider in the design of L1/2 triggered handover in Release-18.

Proposal 1: The LTM preparation phase consists of the following steps (RAN2 to discuss)
1. L3 measurements and reporting for candidate set management
· FFS New measurement events are needed e.g. for comparing candidates with neighbours or for reporting some LTM specific conditions on candidate cells.
2. RRC Pre-configuration of candidate configurations
3. RRC Reconfiguration (addition/replace/release candidate configurations)
· Steps 2/3 Can be configured blindly (E.g. without measurements) or based on L3 measurement reports.
· LTM preparation phase is ongoing – i.e. it is used for initial setup and for maintenance of LTM candidates.
· FFS whether candidate configurations list is static or whether there is some association with current conditions (E.g. current PCell)

Observation: An LTM procedure which enables early sync and L1 measurements based only on cell detection performed by RRC measurements may not sufficiently improve mobility latency, and implies either a small/limited set of LTM candidates or a high amount of signalling and resource overhead. 

Proposal 2: The early sync phase of LTM consists of the following steps (RAN2 and RAN1 discussion needed)
4. Reporting of detected candidate cells
· Based on L1 measurements (e.g. SSB beam measurement)
· MAC CE used for reporting
5. Enabling L1 measurement reporting configurations
· MAC CE triggered
· FFS Used to trigger DL sync
· FFS Enabling RLM of target candidate cells 
· FFS Enabling BFD of target candidate cells 
6. PDCCH ordered RA for TA acquisition

Proposal 3: The LTM execution phase consists of the following steps (RAN2 and RAN1 discussion needed):
1. L1 Measurements and reporting of a subset of candidate cells 
2. Receiving LTM trigger by MAC CE including candidate configuration identity, beam indication, TA value (if available).
3. RRC reconfiguration procedure to apply the indicated candidate configurations

Proposal 4a: Instead of waiting for RLF (T310 expiry), if there is a suitable LTM candidate available before T310 expires then LTM is triggered. 
Proposal 4b: As a baseline, LTM can be triggered to a suitable candidate upon HOF (new LTM supervisor timer expiry). RAN2 to discuss whether a faster recovery can be supported for HOF e.g. before expiry of the new LTM supervisor timer expiry, if there is a suitable alternative candidate cell.
Proposal 4c: RAN2 to discuss whether BFR can be performed on an LTM candidate cell.

Proposal 5: UE determines the successful reception of its first UL data by NW when it receives the RLC ACK of RRCReconfigurationComplete

6. References
[1] RP-221799,  “Revised WID on Further NR mobility enhancements”
[2] 38.133, “NR; Requirements for support of radio resource management”
[3] R2-2302039, “38.300 running CR for introduction of NR further mobility enhancements”, Mediatek Inc.
[4] R2-2304214, “Summary of [AT121bis-e][018][eMob] Procedure Consolidation”, Huawei

Microsoft_Visio_Drawing.vsdx
UE
gNB
1: Measurement report
LTM candidate preparation
2: RRC reconfiguration (LTM candidate configuration)
4a: DL synchronization with candidate cells
3: RRC reconfiguration complete
LTM decision
6: Cell switch command (MAC CE)
LTM preparation
Early sync
LTM execution
5: L1 measurement report
8: LTM completion
Detach from source, apply target configurations
LTM completion
7: RACH Procedure
LTM candidate preparation
UE in RRC_CONNECTED
4b: UL synchronization with candidate cells



image2.emf
UE gNB

1: Measurement report

LTM candidate 

preparation

2: RRC reconfiguration (LTM candidate configuration)

3: RRC reconfiguration complete

LTM 

preparation

LTM candidate 

preparation

UE in RRC_CONNECTED


Microsoft_Visio_Drawing1.vsdx
UE
gNB
1: Measurement report
LTM candidate preparation
2: RRC reconfiguration (LTM candidate configuration)
3: RRC reconfiguration complete
LTM preparation
LTM candidate preparation
UE in RRC_CONNECTED



image3.emf
UE

gNB

4a: DL synchronization with candidate cells

Early sync

4b: UL synchronization with candidate cells


Microsoft_Visio_Drawing2.vsdx
UE
gNB
4a: DL synchronization with candidate cells
Early sync
4b: UL synchronization with candidate cells



image4.emf
UE

gNB

LTM decision 

6: Cell switch command (MAC CE)

LTM execution

5: L1 measurement report

Detach from source, 

apply target 

configurations

7: RACH Procedure


Microsoft_Visio_Drawing3.vsdx
UE
gNB
LTM decision
6: Cell switch command (MAC CE)
LTM execution
5: L1 measurement report
Detach from source, apply target configurations
7: RACH Procedure



image5.emf
UE

gNB

8: LTM completion

LTM 

completion


Microsoft_Visio_Drawing4.vsdx
UE
gNB
8: LTM completion
LTM completion



image1.emf
UE

gNB

1: Measurement report

LTM candidate 

preparation

2: RRC reconfiguration (LTM candidate configuration)

4a: DL synchronization with candidate cells

3: RRC reconfiguration complete

LTM decision 

6: Cell switch command (MAC CE)

LTM 

preparation

Early sync

LTM execution

5: L1 measurement report

8: LTM completion

Detach from source, 

apply target 

configurations

LTM 

completion

7: RACH Procedure

LTM candidate 

preparation

UE in RRC_CONNECTED

4b: UL synchronization with candidate cells


