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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]. 

Besides, in the RAN2#122 meeting, RAN2 has performed discussion about the measurement and related configuration. The basic structure of the measurement is determined from RAN2 point of view. The agreements are as follows.

The RS configuration is provided to the UE per LTM candidate cell.

RAN2 assumes that Each candidate DU needs to know the RS configuration of each candidate DUs in order to provide the LTM candidate configuration.

RAN2 assumes that The CU transmits to each C-DU the RS configuration of S-DU (if this is an LTM candidate cell) and/or other C-DUs, to generate the corresponding L1 configuration for LTM.

RAN2 assumes C-DU generates the RS configuration and send to the CU. The CU transmits to the Source DU the RS configuration per LTM candidate cell and the associated LTM candidate (when the CU receives LTM candidate configuration(s) from the C-DU). It is up to RAN3 whether the RS configuration is sent before (or at the same time of) the C-DU creates the LTM candidate configuration (and whether is semi-statis or UE associated).

The RS configuration and/or CSI resource configuration for measuring LTM candidate cells is included in the LTM-Config IE and is a separate configuration, e.g. outside of the LTM candidate configuration. 

CSI reports for LTM candidates (neighbour cell reports for the purpose of LTM cell switch) are configured by the serving cell in an IE that is like CSI-ReportConfig for LTM within the ServingCellConfig since this is the cell in which the report is to be transmitted.

RAN2 assumes the following about CSI measurement reporting for LTM (final decision up to RAN1):


a. UE reports all measured LTM candidate cells in a single report; or


b.
UE reports one or a subset of measured LTM candidate cell(s) in a report.

In this paper, we further discuss the measurement related issues to be solved for the LTM and propose some potential solutions accordingly.

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 when UE can not complete UL DL synchronization, TRS pre-tracking in advance. 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.

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 have a clear vision, we cite the signaling procedure for LTM below. 
// Start of the quotation

[image: image2.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


Figure 1. Signaling procedure for LTM

The procedure for LTM is as follows. 

The UE sends a MeasurementReport message to the gNB. The gNB decides to configure LTM and initiates candidate cell(s) preparation.

2.
The gNB transmits an RRCReconfiguration message to the UE including the LTM candidate cell configurations of one or multiple candidate cells. 

3.
The UE stores the LTM candidate cell configurations and transmits an RRCReconfigurationComplete message to the gNB.

4a. The UE [may] performs DL synchronization with candidate cell(s) before receiving the cell switch command. 

4b. The UE [may] performs early TA acquisition with candidate cell(s) requested by the network before receiving the cell switch command. This is done via CFRA triggered by a PDCCH order from the source cell, following which the UE sends preamble towards the indicated candidate cell. In order to minimize the data interruption of the source cell due to CFRA towards the candidate cell(s), the UE doesn’t receive RAR for the purpose of TA value acquisition and the TA value of the candidate cell is indicated in the cell switch command. The UE doesn’t maintain the TA timer for the candidate cell and relies on network implementation to guarantee the TA validity.

The UE performs L1 measurements on the configured candidate cell(s), and transmits lower-layer measurement reports to the gNB.  L1 measurement should be performed as long as apply the RRC reconfiguration in step 2. 

…
// End of the quotation
As shown in the above procedure, the first stage measurement may be the step 1 in the LTM preparation phase and the second stage measurement may be the step 5 in the LTM execution phase. In Rel-17, 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, L1 measurement for non-candidates results in heavier signalling and overhead. Thus, it is not necessary that the UE performs L1 measurement for non-configured cells, especially for inter-frequency cells. Although RAN2 have already determined that UE sends a MeasurementReport (which means L3 measurement) message to the gNB in the first step as shown below [2], RAN3 still have the FFS about whether L3 measurement result is reported by UE in the first step. 
Proposal 1: RAN2 is kindly asked to confirm that L3 measurement, instead of L1 measurement, could be reported in the first step. LS to RAN3 is needed.

2.1 Relation between L3 Measurement report and L1 measurement configuration/ candidate selection
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.

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. One question is the relation between L1 measurement configuration and L3 measurement report. RAN4 discussed this question and made some agreements as follows.  

// Start of the quotation
<Agreement>: 
For the baseline “UE is NOT expected to use L3 measurement results for intra-frequency or inter-frequency L1 measurement report”:
For the behaviour of the NW, L3 measurement report is not the prerequisite of L1 measurement configuration.
…
// End of the quotation
Observation 3: RAN4 confirms that for the behaviour of the NW, L3 measurement report is not the prerequisite of L1 measurement configuration.

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. Therefore, RAN2 should also assume that L3 measurement report is not the prerequisite of L1 measurement configuration on a neighbour cell. 

Proposal 2: RAN2 confirms that from NW perspective, L3 measurement report is not the prerequisite of L1 measurement configuration on a neighbour cell. LS to RAN1/RAN3 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 4: 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. 

The fourth question is raised by RAN1 and related NW behaviour need to be specified by RAN3. During the discussion in RAN1, Some companies 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. To align the understanding of all RAN groups and to complete the design related to candidate determination, we propose to confirm that

Proposal 3: RAN2 assumes that CU could select LTM candidates without L3 measurement report. LS to RAN3, cc RAN1/RAN4 may be needed.

2.2 Relation between L3 Measurement and L1 measurement 
During RAN4#107 meeting, besides the agreement about the relation between L3 measurement report and L1 measurement configuration, they discuss the relation between L3 measurement and L1 measurement with the following agreement:

// Start of the quotation
<Agreement>: 
For the baseline “UE is NOT expected to use L3 measurement results for intra-frequency or inter-frequency L1 measurement report”:
…
From the view of UE, UE should have performed L3 measurement on the neighbour cell before UE performs L1 measurement on that cell.
< Wayforward >:

For the baseline “UE is NOT expected to use L3 measurement results for intra-frequency or inter-frequency L1 measurement report”:

UE is not required to perform L1 measurements on [undetected or undetectable or unknown] cell.

// End of the quotation
For L3 measurement related operations, As we proposed to confirm above, L3 measurement is not the prerequisite of L1 measurement configuration on a neighbour cell, UE 
Observation 5: RAN4’s agreement about L1/L3 measurement from the view of UE indicates that L3 measurement must be configured for the cell associated by L1 measurement configuration.

Based on the above LTM  procedure in the running CR, we analyze the affects from the perspective of both NW and UE. On one hand, it seems that this agreement leads to a restriction from NW perspective that each LTM candidate should be configured with L3 measurement even without related measurement report configuration. This has an effect on the step 2 in the procedure as shown in the figure X above. On the other hand, from UE perspective that UE should perform L3 measurement on the neighbour cell before UE performs L1 measurement on that cell. This may be even related to the UE behaviour in the step 5. It is like to over-specify that before UE performs L1 measurement, UE needs to perform L3 measurement if not performed before.
Proposal 4: RAN2 is kindly asked to confirm whether to introduce the restriction that L3 measurement must be configured for the cell associated by L1 measurement configuration.

Proposal 5: RAN2 is kindly asked to confirm whether to introduce the restriction that before UE performs L1 measurement, UE needs to perform L3 measurement if not performed before.

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 reported in the first step. LS to RAN3 is needed.
Observation 3: RAN4 confirms that for the behaviour of the NW, L3 measurement report is not the prerequisite of L1 measurement configuration.

Proposal 2: RAN2 confirms that from NW perspective, L3 measurement report is not the prerequisite of L1 measurement configuration on a neighbour cell. LS to RAN1/RAN3 may be needed.

Observation 4: 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 report. LS to RAN3, cc RAN1/RAN4 may be needed.

Observation 5: RAN4’s agreement about L1/L3 measurement from the view of UE indicates that L3 measurement must be configured for the cell associated by L1 measurement configuration.

Proposal 4: RAN2 is kindly asked to confirm whether to introduce the restriction that L3 measurement must be configured for the cell associated by L1 measurement configuration.

Proposal 5: RAN2 is kindly asked to confirm whether to introduce the restriction that before UE performs L1 measurement, UE needs to perform L3 measurement if not performed before.
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