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1 Introduction
L1/L2 inter-cell mobility is one of the key objectives for Rel-18 NR mobility enhancement. Although measurement related studies are led by RAN1, RAN2’s involvement is necessary to have a complete mechanism as shown in the WID [1]. 
1. To specify mechanism and procedures of L1/L2 based inter-cell mobility for mobility latency reduction:

· 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
During the RAN2#120 meeting, some general and stage-2 issues are discussed based on contributions from the Rapporteur, for now we have the baseline of the time chart and the signaling procedure for LTM in the Running CR shown as follows [2] among which measurement is one of the components.
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During RAN2#120 meeting, RAN2 has answered the question about L1 measurement and TCI state configurations in the LS [3] based on the assumption below:

· RAN2 assumes that LTM (intra DU and inter DU) is network-controlled mobility where the control is from the source, i.e. measurements (L1 measurements) are configured in the UE from the source Cell, and the decision to switch cell is by the source cell, and enhancements considered for LTM before cell switch, e.g. pre-synchronization, TA handling, target beam mgmt (to the extent it is supported) may be by the source cell. RAN2 understands that this may require cooperation source DU CU target DU and/or OAM coord. RAN2 don’t see any blocking issue to share information between DUs but the support of this is in RAN3 domain. RAN2 see no necessity for a direct inter-DU-interface to support this. 

RAN4 also touched the issue about the relation between L3 measurement and L1 measurement, but failed to reach an agreement. Further clarifitions from RAN2 about the LTM related measurment are needed to help other groups have more effective discussions.
Besides, in the RAN2#120 and RAN2#121 meeting, RAN2 has performed further discussion about the configuration model. The basic content and the structure of the configuration related to LTM were determined. The agreements are as follows.

· P1
RAN2 to confirm that the CellGroupConfig IE is (mandatory) needed within an LTM candidate cell configuration.

· P3
The RadioBearerConfig IE can be optionally supported in an LTM candidate configuration

· P5
The MeasConfig IE can be optionally supported in an LTM candidate configuration.

· P8
The OtherConfig IE is not required to be part of the LTM candidate cell configuration.

· P9
The LTM candidate cell configuration should be designed as a To AddMod/ToRelease structure.

· P10
The LTM candidate cell configuration ASN.1 structure comprises at least a CellGroupConfig IE and a configuration ID.

· agree to use Model 1: One RRCReconfiguration message for each candidate target configuration RRCReconfiguration to configure target candidate cells

Based on the baseline RRC design, measurement configuration could be further discussed.

In this paper, we further discuss the measurement related issues to be solved for the LTM and propose some potential solutions accordingly.
2 Discussion
For mobility management, several performance metrics are important for the design of the serving cell switch mechanism. Take PCell Mobility in RRC_CONNECTED (i.e., handover) as an example. To avoid the radio link failure resulted from mobility, HOF (Handover Failure), HOPP (Handover Ping-pong), and HOP (Handover Probability) are all important for the robustness and reliability of the handover (HO). With the trending of cloud game, XR (eXtended Reality), the service continuities for both control plane and user plane are more critical than ever before. Thus, the HOL (Handover Latency) and HOIT (Handover Interruption time) are the key objectives for the R18 mobility enhancement. Unlike Rel-17, Rel-18 L1/L2 inter cell mobility (LTM) triggers cell switch. Thus, in addition to latency, we also consider other performance metrics related to cell switch to ensure the service continuity.
As argued by other companies, it doesn’t matter for UEs to ping-pong among cells since the latency of LTM is extremely low. However, this may be true only in some circumstance and with extreme requirements for UE capabilities and realization. That is, UE performs DL synchronization and UL synchronization (or skip RACH when possible) before cell switch, which is the option 2 as shown below. For other cases like the baseline and option 1 as follows, the interruption time is not that short [4].
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In other cases, the latency for LTM in inter frequency and inter DU scenario is not that low even though UE is capable of multiple TA pre-acquisitions, DL synchronization, TRS pre-tracking since the inter-node transaction and inter frequency measurement takes more time. Thus, the ping-pong is only tolerable in some cases of LTM. Thus, we also consider other performance metrics related to mobility management, e.g., robustness.
Observation 1: Both latency and robustness should be considered for the L1/L2 inter-cell mobility management.
For the traditional HO, the L3 measurement report triggers handover initialization with both configuration preparation and handover command. For the switch with pre-configured cell, the measurement includes two parts: first stage measurement for the pre-configuration and second stage measurement to trigger the switch command. That is, based on the first stage measurement report, NW estimates the cell switch for the UE and select the potential target nodes. Based on the second stage measurement, NW chooses the target cell and UE applies the stored configuration of the selected cell.
Observation 2: LTM related measurement includes two stages: first stage measurement for the pre-configuration and second stage measurement for triggering the switch.
2.1 Measurement for the pre-configuration

L3 measurement and the corresponding report are important to the radio link management since it is a result based on measurements during a period of time and the L3 filter. The possibility of ping-pong between serving cells could be reduced based on the handling like L3 filtering and event-based reporting. Compared with L3 measurement, L1 measurement is useful for the procedure which requires actions with minimum delay. Although latency is the key performance for this WID, the robustness is also important for mobility management. Thus, for L1/L2 inter-cell mobility, the measurement in different stages can be considered separately based on the characteristic of L1 measurement and L3 measurement mentioned above. To avoid ping-pong switch between the serving cell and candidate cells, RAN2 should balance the latency and robustness, especially for the pre-configuration phase. For the intra-DU scenario, it is observed that RAN3 assumes that L3 measurement result reported by UE is used when CU determines the candidate cell list. Besides, they have the following agreements that DU with L1 measurement results is preferred to accept all or part of the candidates rather than suggesting new candidate.
// Start of the quotation
CU suggest the candidate cell(s) to DU, “gNB-DU can suggest candidate cells after the gNB-CU initiates the L1/L2 inter-cell mobility configuration” is with low priority.
CU can update the suggested candidate cells.
// End of the quotation
With the additional PCI configured in the measurement configuration of the serving cell, UE could perform L1 measurement for up-to seven intra-frequency candidate cells and report four measurement results in one piece of report. In order to apply the LTM in the inter-frequency scenario, UE may perform inter-frequency L1 measurement and report which is one enhancement for the current specification. However, it is not necessary that the UE performs L1 measurement for non-configured cells, especially for inter-frequency cells. L1 measurement for non-candidates results in heavier signalling and overhead.
Proposal 1: RAN2 is kindly asked to confirm that L3 measurement, instead of L1 measurement, could be used when CU determines the candidate list. 

We assume that first stage measurement for the pre-configuration is L3 measurement and second stage measurement to trigger the switch command is L1 measurement. Another question is the relation between L1 measurement and L3 measurement. RAN4 discussed this question without reaching an agreement and decided to wait for RAN1/2 progress. The way-forwards of RAN4 are as follows.  
// Start of the quotation
<Way forward >: Issue 1-1-9: Relation between L3 measurement and L1 measurement

The options are not exclusive.
· Option 1 (Huawei, MTK, QC, Apple, OPPO): Network shall configure L1 measurement on a neighbor cell after receiving L3 measurement report on that cell

·                     FFS whether the spec has to define such a constraint explicitly.
· Option 2 (Nokia): L3 measurement report is not the prerequisite of L1 measurement configuration on a neighbor cell

· Option 3 (Intel): Further discuss whether to support inter-cell L1-RSRP measurement when L3 measurement is not available recently and wait for RAN2 progress.

· Option 4 (Ericsson, Apple, Xiaomi, CATT, Nokia): Candidate cell L1-RSRP measurements can be measured within SMTC

· Option 5 (Intel, vivo): wait for RAN1/2 progress

// End of the quotation
In our understanding, it is not essential to have the limitation that network shall configure L1 measurement on a neighbour cell after receiving L3 measurement report on that cell since SMTC could be used for the L1 measurement configuration. That is, there should be no limitation on the network behaviour in the specification.

Proposal 2: RAN2 assumes that L3 measurement report is not the prerequisite of L1 measurement configuration on a neighbour cell. LS to RAN1/RAN4 may be needed.
During the traditional serving cell switch, UE reported measurements (may include beam-related information) are transmitted to the target only if available. However, for L1/L2 inter-cell mobility, we assume the switch is triggered by a beam-level indication. Thus, the Switch Request message should include UE reported measurement information with beam-related information since the target needs these results to prepare the L1/L2 inter-cell mobility. 

Observation 3: UE reported measurement is optional in the legacy request message from source node to candidates.
For LTM, as shown in the table below [2], Tsearch  is the time required to search the target cell which ranges from 0ms (if cell is known) to 60ms (if cell is unknown). That is, there is no limitation that the candidate is a known cell during the previous discussion in RAN2.
Table 1: Components of Mobility Latency

	Component
	Meaning
	Value

	TRRC
	Processing time for RRCReconfiguration carrying candidate configurations
	Up to [10] ms

	Tprocessing,1 /
Tprocessing,2
	Time for UE processing, before and after cell switch command, respectively. This may include L2/3 reconfiguration, RF retuning, baseband retuning, security update if needed, etc.
	Up to [20] ms for same FR

Up to [40] ms for different FR

	Tmeas
	Measurement delay (from target appears to cell switch command)
	-

	Tcmd
	Time for processing L1/L2-command (HARQ and parsing)
	Up to [5] ms

	Tsearch
	Time required to search the target cell
	0ms (if cell is known)

Up to [60] ms (if cell is unknown)

	TΔ
	Time for fine tracking and acquiring full timing information
	SMTC periodicity (typ. [20] ms)

	Tmargin
	Time for SSB or CSI-RS post-processing
	Up to [2] ms

	TIU
	interruption uncertainty in acquiring the first available PRACH occasion in the new cell
	Typ. [15] ms

	TRAR
	Time for RAR delay
	Typ. [4] ms

	Tfirst-data
	Time for UE performs the first DL/UL reception/ transmission on the indicated beam of the target cell, after RAR
	-


In another word, following the legacy, NW may configure a candidate for LTM without L3 measurement results. It is reasonable because operates could have the flexibility to select the target node based on other information (e.g., co-site, UE trajectory prediction). That is, measurement and report is optional in the LTM procedure. This was also touched in RAN1#110bis-e meeting when RAN1 studied the importance of ping-pong issue since filtering is one of potential solutions for the ping-pong issue. They observed that UE-based filtering may be not necessary if L3 measurement is always involved when NW selects the LTM candidates. They suspended the discussion and decided to wait RAN2’s conclusion. 
Proposal 3: RAN2 assumes that CU could select LTM candidates without L3 measurement. LS to RAN3, cc RAN1/RAN4 may be needed.
2.2 Measurement for triggering the switch

The configuration preparation is comprised of coordination between source node and target node which results in some latency. And the preparation is triggered always when the serving cell is found in bad condition. It is more efficient to execute the switch as soon as the serving link is not good enough. Thus, the switch decision and preparation should be performed ahead of time. RAN plenary has come to the initial agreement that the pre-configuration for multiple candidate cells should be introduced. 
Observation 4: Multiple candidate cells are pre-configured to reduce the latency resulted from inter-node preparation between the source node and potential target nodes.
For the RRC model, RAN2 has some initial agreements about the content for the configuration related to LTM in RAN2#120 meeting. As we understood, the above agreement mainly about the RRC reconfiguration to be applied upon the cell switch command. For the measurement and configurations, RAN2 has concluded an assumption as shown above. However, it is mainly about the coordination between UE and network nodes and not related to RRC-related aspects. Thus, the configuration of L1 measurement still needs further clarification for LTM. 
The configuration of L1 measurement is enhanced for R17 ICBM in order to measure the candidate cells. The necessary SSB-related information of neighbour cell is provided to UE and beams of neighbour cells are regarded as TCI states in serving cell configurations. Since there is no serving cell change, the RRC reconfiguration is not needed in the ICBM procedure. That is, the beams of neighbour cells are configured as the “additional PCI” without RRC reconfiguration. But for L1/L2 inter-cell mobility, related issues of the L1 measurement still need further discussion. For the L1 measurement configuration and activation, if the L1 measurement could be configured and performed in advance so that the UE monitors beams of other cells before the cell swich command. 
During RAN1#112 meeting, they confirmed some baseline information in the measurement configuration and provided their understanding for the RRC structure as follows.
	· For L1-RSRP measurement RS configuration

· The detailed design of RRC structure is up to RAN2, and send an LS to RAN2 to request to work on the RRC structure design on the measurement configuration. 

· Following RAN1 understanding will be provided in the LS

· RAN1 has discussed the following configuration options for L1 measurement configurations for SSB till RAN1#112: 

· Option 1) Configurations for L1 measurement RS is provided under ServingCellConfig for the serving cells

· is useful to reuses the mechanism for Rel-17 ICBM and necessary information to support inter-frequency measurement will be added there.

· Option 2) Configurations for L1 measurement RS is provided separately from ServingCellConfig for the serving cells and CellGroupConfig for the candidate cells

· is useful to avoid the duplicated configurations for L1 measurement RSs, [and avoid UE to process configurations for L1 measurement RS provided under CellGroupConfig for the candidate cells]

· Option 3) Configurations for L1 measurement RS is provided under CellGroupConfig for the candidate cells

· can achieve the similar benefit as Option 2) by directly referring to the candidate cell configurations. 

· Note RAN2 has a full flexibility to design the whole RRC structure design.

· RAN1 believes this is RAN2 expert region, and respectfully asks RAN2 to finalize the RRC structure design after RAN1 finalizes the discussion on RRC parameters. 

· It is noted that RAN1 foresees the necessity of similar discussions on TCI state pool for candidate cells and L1 measurement report configurations. 


To have a common design for LTM, we prefer to have the same RRC structure for the L1 measurement configuration in both intra-DU and inter-DU intra-CU scenario. Thus, we think the L1 measurement for candidates can be configured by the following three options: additional PCI within the L1 measurement configuration of serving cell, additional L1 measurement configuration along with that of the serving cell; additional CSI configuration within the configuration from the candidates. 

Observation 5: For L1/L2 inter-cell mobility, we have the following options related to L1 measurement configuration:

a. additional PCI within the L1 measurement configuration of serving cell, 
b. additional L1 measurement configuration for LTM along with that of the serving cell; 

c. additional L1 measurement configuration for LTM within the LTM configuration from the candidates;

The Option a for the measurement configuration tries to reuse the ICBM mechanism with some extension on R17 ICBM which may bring more complex. Besides, if the L1 measurement is configured in the CSI configuration of serving cell, the number of candidates is limited (i.e., <7). The Option b means two list of CSI-RS are configured to UE along with the serving cell configuration: one for serving cell, one for candidates. It is more straight forward to have separate configurations for serving cell and candidates. And it is feasible for the UE to store the L1 measurement for candidates for the subsequence LTM when UE discards the measurement configurations of serving cell. The Option c means UE needs to decoding and applies the measurement part in advance which may result in unnecessary UE processing since not all the RRC reconfiguration will be applied. According the analysis above, all the configuration options have pros and cons. 
	
	Pros
	Con

	Option a
	Could reuse ICBM for intra-DU scenario
	Complex extension on R17 ICBM
Limited number of candidates(<7)



	Option b
	Applicable to all scenarios.

No need to decoding the configuration of candidate.

	New L1 measurement configuration related IE introduced for candidates

	Option c
	L1 measurement configuration for candidates could be transparently transmitted from source node to UE.
	UE needs to perform unnecessary decoding for the whole configuration message from all candidates only for L1 measurement.


The issues about measurement configuration are important and related to following questions like when to activate the L1 measurement, what information is reported to the NW, which approach (the target node or related signalling) is employed for the measurement report. Considering that the current agreements for LTM and the above discussion, we think option b is a better choice which is appliable in all scenarios and without the unnecessary UE processing for the whole configuration messages from all candidates only for L1 measurement. Therefore, it is proposed that:
Proposal 4: To perform L1 measurement for candidate cells, L1 measurement configuration for the candidate cell is sent along with that of the serving cell. 
Based on the discussions above, we draft a LS in our companion contribution.[5]

Proposal 5: RAN2 is kindly asked to discuss and approve the draft LS.
3 Conclusions
In this contribution, we identify measurement related issues to be enhanced for L1/L2 inter-cell mobility. Following observations and proposals are made in this contribution:
Observation 1: Both latency and robustness should be considered for the L1/L2 inter-cell mobility management.
Observation 2: LTM related measurement includes two stages: first stage measurement for the pre-configuration and second stage measurement for triggering the switch.

Proposal 1: RAN2 is kindly asked to confirm that L3 measurement, instead of L1 measurement, could be used when CU determines the candidate list. 

Proposal 2: RAN2 assumes that L3 measurement report is not the prerequisite of L1 measurement configuration on a neighbour cell. LS to RAN1/RAN4 may be needed.
Observation 3: UE reported measurement is optional in the legacy request message from source node to candidates.
Proposal 3: RAN2 assumes that CU could select LTM candidates without L3 measurement. LS to RAN3, cc RAN1/RAN4 may be needed.

Observation 4: Multiple candidate cells are pre-configured to reduce the latency resulted from inter-node preparation between the source node and potential target nodes.
Observation 5: For L1/L2 inter-cell mobility, we have the following options related to L1 measurement configuration:

a) additional PCI within the L1 measurement configuration of serving cell, 
b) additional L1 measurement configuration for LTM along with that of the serving cell; 

c) additional L1 measurement configuration for LTM within the LTM configuration from the candidates;

Proposal 4: To perform L1 measurement for candidate cells, L1 measurement configuration for the candidate cell is sent along with that of the serving cell. 

Proposal 5: RAN2 is kindly asked to discuss and approve the draft LS.
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