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Introduction
In RAN4 104-bis-e, R18 L1L2-triggered mobility was discussed in RRM session and the WF was agreed in [1].
Meanwhile, RAN1 and RAN2 have also achieved many conclusions, and 2 new LSs were sent to RAN4[2][3].
In the LS from RAN1[2], two Questions were asked.
Questions to RAN4 in R1-2210727
Agreement
· For Rel-18 L1/L2 mobility, L1 intra-frequency measurement for candidate cell is supported
· At least the following aspects are for RAN1 further study:
· RAN1 assumes Rel-17 ICBM CSI measurement as starting point.
· Whether and how to apply relaxation for the restrictions imposed on the Rel-17 intra-frequency L1 non-serving cell measurement defined in 9.13.2 of TS38.133, where RAN4 impact is foreseen, e.g.
· SFN offset alignment compared with serving cell
· BWP setting, i.e. non-serving cell SSB should be covered by serving cell active BWP
· Introduction of symbol level gap or SMTC for larger Rx timing difference (i.e. larger than CP length) 
· Commonality with intra-frequency L3 measurement
· Commonality with L1 inter-frequency measurement for measurement configuration

[bookmark: _Hlk116971433]Question 1 (to RAN4): As mentioned in this agreement, while RAN1 assumes Rel-17 ICBM CSI measurement as starting point for L1 intra-frequency measurement for Rel-18 L1/L2 mobility, RAN1 wonders if the restriction on e.g., SFN offset alignment, BWP setting, i.e. non-serving cell SSB should be covered by serving cell active BWP, and Rx timing difference, etc, described in 9.13.2 of TS38.133 for intra-frequency L1 non-serving measurement can be relaxed or not.

Agreement 
· For Rel-18 L1/L2 mobility, further study the potential RAN1 spec impact of L1 inter-frequency measurement 
· The definition and scenarios of L1 inter-frequency measurement is determined by RAN4, and RAN1 assumes at least the following until receiving their confirmation
· The scenarios not included in intra-frequency are regarded as inter-frequency, which includes at least the following scenarios:
· The frequency of the measured RS not covered by any of the active BWPs of SpCell and Scells configured for a UE, but covered by some of the configured BWPs of SpCell and Scells configured for a UE.
· The frequency of the measured RS not covered by any of the configured BWPs of SpCell and Scells configured for a UE
· At least the following aspect is studied:
· Commonality with L1 intra-frequency measurement for measurement configuration

Question 2 (to RAN4): As mentioned in this agreement, RAN1 would like to ask RAN4 to confirm our understanding that the supported scenarios not included in intra-frequency are regarded as inter-frequency for L1 measurement, which includes at least the following scenarios:
· The frequency of the measured RS not covered by any of the active BWPs of SpCell and Scells configured for a UE, but covered by some of the configured BWPs of SpCell and Scells configured for a UE.
· The frequency of the measured RS not covered by any of the configured BWPs of SpCell and Scells configured for a UE 
Also, RAN1 would like to inform RAN4 of our understanding that the introduction of measurement gap and SMTC for L1 inter-frequency measurement, if any, is expected to be a RAN4 issue.


In the LSs from RAN2 [3], the following conclusions were made.
Conclusions/Agreements in RAN2 119-bis-e
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
Inter-freq L1L2 mobility: R2 Confirms that For L1L2 mobility inter-freq scenarios in general should be supported (including mobility to inter-frequency cell that is not a current serving cell), including the support of inter-frequency L1 measurements, if feasible by R4 and R1.

Based on all above information, we provide our views on the L1 measurements for R18 L1L2-triggered mobility.
Discussion on ‘intra-/inter- frequency’ for LTM
<Definition of ‘intra-/inter- frequency’ in LTM>
In last RAN4 meeting, the definitions of ‘intra-frequency L1 measurements’ and ‘intra-frequency L1L2 mobility’ were discussed in RAN4. Based on discussion, the current status of RAN4 is captured in [1].
< Agreement>: Issue 1-1-4: Definition of L1 intra-frequency/inter-frequency measurement
Agreement on GTW
· For SSB L1-RSRP measurement, follow the definition of L3 measurement:
· A measurement is defined as a SSB based intra-frequency L1 measurement provided the center frequency and SCS of the SSB of the neighbor cell is the same as SSB of the serving cell indicated in ServingCellConfigCommon 
· Note: RAN4 will revisit the definition based on RAN1/2 conclusion. 
<Way forward >: Issue 1-1-5: Whether to cover inter-frequency L1-RSRP measurement
· Option 1 (Intel): focus on inter-frequency L1-RSRP measurement without gap first
· Option 2 (MTK, OPPO): deprioritize the discussion on L1 inter-frequency measurement 
· Option 3 (Huawei, Xiaomi, Ericsson, CMCC, Apple, Nokia, CTC, CATT): cover inter-frequency L1-RSRP measurement
· FFS: the number of supported inter-frequency layers
· FFS: MG can be used for inter-frequency L1 measurements.
· Option 4 (QC, vivo): wait for RAN1/2 progress
<Way forward >: Issue 1-1-6: Whether to cover inter-frequency cell switch 
The difference is 1-1-5 is from the point of measurement, 1-1-6 is from the point of cell switch. The definitions of intra-frequency and inter-frequency may be different from the point of measurement and the point of cell switch. Take the scenario “the target PCell is a current Scell” as an example, from the point of measurement, the SCC is still an intra-frequency. But from the point of cell switch, this is inter-frequency cell switch.
· Option 1 (Intel, MTK, Huawei, Xiaomi, CMCC, vivo, CTC): support inter-frequency L1/L2-based mobility, where the SSBs of active serving cell(s) and the corresponding candidate target cell(s) are on different frequency layers
· Option 2 (QC, Apple, OPPO): support inter-frequency L1/L2-based mobility, where the SSBs of SpCell and the target cell are on different frequency layers
· Option 3 (Ericsson, CATT): Further clarify the intention and impact of such agreement.


From [2], RAN1 considers two scenarios for ‘inter-frequency L1 measurement’:
Scenario 1) Measured RS is not covered by active BWP, but covered by ‘configured BWP’ of the UE.
Scenario 2) Measured RS is not covered by either active BWP or ‘configured BWP’ of the UE. 
In general, we understand that from RAN1 perspective, the definition of intra-/inter- frequency L1 measurements are mainly related to whether the RSs to be measured are covered by the active BWP or the ‘configured BWP’ or none of the two. The definition for ‘intra-/inter- frequency SSB-based L1 measurements’ in RAN4 is quite different. In RAN4 the definition is mainly related to the centre-frequency of the RSs to be measured. 
Observation 1  Inconsistency is observed on the definition of ‘intra-/inter- frequency L1 measurements’ between RAN1 and RAN4, respectively. 
· RAN1 differentiate intra- and inter- frequency L1 measurements based on whether the RSs to be measured are covered by a certain BWP of the UE.
· RAN4 differentiate intra- and inter- frequency L1 measurements based on whether the centre-frequency of the measurement RS is the same as serving cell measurement RS or not.
From the perspective of configuration for L1 measurements, as pointed out in RAN1 LS, actually the L1 measurements are more like ‘CSI measurements’. L1-RSRP/L1-SINR reports are configured in CSI reporting configurations and they are used for beam measurements since R15. In our understanding, the key motivation of enhancements in R18 LTM is, to enable CSI measurement/reporting and L1L2 preparation of the target cell before the cell-switch in the mobility scenario. The CSI measurement/reporting here also includes beam measurement/reporting.
Observation 2  L1 measurements are CSI measurements, and are used for beam measurements and reporting since R15.
TS 38.133 v17.2.0 [5]
CSI-ResourceConfig ::=      SEQUENCE {
    csi-ResourceConfigId        CSI-ResourceConfigId,
    csi-RS-ResourceSetList      CHOICE {
        nzp-CSI-RS-SSB              SEQUENCE {
            nzp-CSI-RS-ResourceSetList  SEQUENCE (SIZE (1..maxNrofNZP-CSI-RS-ResourceSetsPerConfig)) OF NZP-CSI-RS-ResourceSetId
                                                                                                                            OPTIONAL, -- Need R
            csi-SSB-ResourceSetList     SEQUENCE (SIZE (1..maxNrofCSI-SSB-ResourceSetsPerConfig)) OF CSI-SSB-ResourceSetId  OPTIONAL  -- Need R
        },
        csi-IM-ResourceSetList      SEQUENCE (SIZE (1..maxNrofCSI-IM-ResourceSetsPerConfig)) OF CSI-IM-ResourceSetId
    },

    bwp-Id                      BWP-Id,
    resourceType                ENUMERATED { aperiodic, semiPersistent, periodic },
    ...,
    [[
    csi-SSB-ResourceSetListExt-r17      CSI-SSB-ResourceSetId                                                  OPTIONAL  -- Need R
    ]]
}
…
bwp-Id
The DL BWP which the CSI-RS associated with this CSI-ResourceConfig are located in (see TS 38.214 [19], clause 5.2.1.2.)

As defined in TS 38.331, as quoted above, CSI measurement, including L1 measurements, are configured on a per-BWP basis. In R15, all L1 measurements are performed within active BWPs of serving SpCell(s) and SCell(s). However, in R17, as pointed out in the LS, UE can be configured with a BWP for a candidate target cell, and L1 measurements can be associated to the corresponding BWP. This follows the same logic for configuration of L1 measurements since R15. CSI measurements are normally performed after rough time-frequency sync, which is based on L3 measurements. UE maintains rough time-frequency sync of the serving cell in case the BWP of the corresponding serving cell is activated. Whether it has the same frequency of serving cell SSB or not does not have very big impact on UE measurement behaviour.
Observation 3  CSI measurements, including L1 measurements, are more related to whether it is within active BWP or not. Whether it has the same frequency of serving cell measurement RS or not does not have very big impact on UE measurement behaviour.
For the case when RSs for L1 measurements are not covered by any of the active BWPs of SpCell and Scells configured for a UE, but covered by some of the configured BWPs of SpCell and Scells configured for a UE, in our understanding UE would be able to support L1 measurements on the configured candidate cells if it supports the corresponding intra-band/inter-band CA configuration. In this case, UE may need to at least periodically perform L1 measurements on this cell, based on the maintained time-frequency sync. It still follows the legacy UE behaviour for supporting this corresponding L1 measurements.
Observation 4  If RSs for L1 measurements are not covered by any of the active BWPs of SpCell and Scells configured for a UE, but covered by some of the configured BWPs of SpCell and Scells configured for a UE, UE may still need to at least periodically perform L1 measurements on this target cell, based on the maintained time-frequency sync for the corresponding configured BWP.
CSI measurements are normally performed after rough time-frequency sync, which is based on L3 measurements. In case L1 measurement RSs are not covered by either ‘active BWP’ or ‘configured BWP’, it is highly possible that UE may also need to perform L3 measurements within the same measurement gap, and this enlarges the gap duration for L1 measurements, and longer interruption to the serving cell transmission can be expected.
Observation 5  If frequency of the measured RS not covered by any of the configured BWPs, it is highly possible that UE may need to perform L3 measurements and L1 measurement successively within one gap, and longer interruption to the serving cell data transmission can be expected.
Based on above observations, we have the following proposal.
Proposal 1  Based on latest RAN1 agreements, RAN4 revise the definition of intra-/inter- frequency L1 measurements as follows:
· For L1-RSRP measurements, a measurement is defined as an intra-frequency L1 measurement provided the RS to be measured is covered by any one of the active BWPs of SpCell and Scells. The L1 measurement RS can be SSB or CSI-RS, if CSI-RS is supported in RAN1.
· For L1-RSRP measurements, a measurement is defined as an inter-frequency L1 measurement provided the RS to be measured is NOT covered by any one of the active BWPs of SpCell and Scells.
· RAN4 prioritize the case of inter-frequency L1 measurement when frequency of the measured RS covered by any of the configured BWPs of SpCell and Scells configured for a UE.
· RAN4 deprioritize the case of inter-frequency L1 measurement when frequency of the measured RS not covered by any of the configured BWPs. It can be considered in future release. 
In WID, the ‘inter-frequency’ is explicitly mentioned. For R18 L1L2 mobility, in our understanding, the enhancements compared to R17 inter-cell BM, regarding ‘inter-frequency’, would be that the scenario of inter-frequency inter-cell mobility would need to be supported in R18. As stated in RAN2 LS [4], RAN2 will focus on ‘PCell mobility’, and therefore we take PCell mobility in example, as illustrated in Figure 1.
[image: ]
Figure 1 Illustration of intra-/inter-frequency L1L2-triggered mobility
As shown in Figure 1, in our understanding, in R18, for the L1L2 mobility, the source cell and target cell are not necessarily to be on the same frequency layer, i.e. the SSB frequency for the serving cell and candidate cell can be different. In this case, it is called inter-frequency L1L2-triggered mobility for PCC.
Observation 6  In R17, only ‘intra-frequency’ ICBM, i.e. the case when SSBs of serving cell and the cell with additional PCI are on the same frequency layer, is supported. However, in R18, both ‘intra-frequency’ and ‘inter-frequency’ LTM, i.e. the cases when SSBs of serving cell and the corresponding candidate target cell are either on the same frequency layer or on different frequency layers, need to be supported according to the WID.
Note that in R17 ICBM, the active BWP of the source cell and target cell should also be the same. This restriction is not needed in R18. However, we do not think the definition of L1L2-triggerted cell switch is related to the active BWPs of the source/target cells. Note that in RAN2 LS [3], the ‘inter-frequency scenario’ agreed to be supported in RAN2 at least includes ‘mobility to inter-frequency cell that is not a current serving cell’.
Proposal 2  In R18 FeMob WI, inter-frequency L1L2-triggered mobility should be supported according to the WID, where the SSBs of active serving cell(s) and the corresponding candidate target cell(s) are on different frequency layers. 
· For inter-frequency PCell mobility, the corresponding candidate target cell(s) are candidate PCell(s), which can be either current SCell(s) or not.
An illustration of all L1 measurements scenarios are given below.
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Figure 2  Illustration of all scenarios for intra-/inter-frequency L1 measurements

<Potential enhancements for intra-frequency L1 measurements>
Based on proposal 1, for intra-frequency L1 measurements, 3 scenarios can be identified as in Figure 2:
· Scenario 3-1) SSB based intra-frequency L1 measurement on candidate target cell is performed, and a serving cell (e.g. PCell) and the corresponding candidate target cell(s) are configured with the same absoluteFrequencySSB. 
· Scenario 3-2) SSB based intra-frequency L1 measurement on candidate target cell is performed, and a serving cell (e.g. PCell) and the corresponding candidate target cell(s) are configured with different absoluteFrequencySSB, but the frequency span of the candidate cell SSB is within active BWP of the UE
· Scenario 3-3) CSI-RS based intra-frequency L1 measurement on candidate target cell is performed, and the frequency span of candidate cell SSB is within active BWP of the UE.
For Scenario 3-1), it is the same as the definition of SSB-based intra-frequency measurement as in last meeting. It is also the same as R17 ICBM measurement configuration. The same mechanism as R17 can be re-used. For this case, we think the restrictions in R17 ICBM can also be applied to L1 measurements in this case.
For Scenario 3-2), UE would need to perform inter-frequency L3 measurement so as to identify the target cell firstly, before the L1 measurement is performed by the UE. The inter-frequency L3 measurement would need to be performed within measurement gaps if UE does not support the corresponding capability. After L3 MR is received by the network, the candidate target cell is configured to the UE, and UE is able to perform L1 measurement within the active BWP. Currently NCD-SSB can be configured for Redcap UE in R17, which means more than one SSB frequency layers within the active BWP of a UE is possible from network perspective. In case such SSB frequency layer within active BWP of the UE can be configured for L1 measurement, it can be regarded as intra-frequency L1 measurement. 
For Scenario 3-3), CSI-RS based L1 measurement can be configured with full flexibility in frequency span within the active BWP. For example, the RB_start and the num_RB can be different for different CSI-RS resources. Moreover, TCI configuration is usually expected for CSI-RS based L1 measurement. UE can obtain the timing and beam information of CSI-RS based L1 measurement, from L3/L1 measurements on SSBs.
For both Scenario 3-2) and 3-3), the L1 measurement is performed within the active BWP, and similar measurement restrictions and scheduling restrictions due to the SCS, Rx beam, etc, can be applied if collision with data transmission, SSB based L1 measurements and legacy RLM/BFD/CBD measurements. Besides these restrictions, there is no need to apply SFN offset alignment for this case. Since the L1 measurement is performed within active BWP, we think timing offset between the serving cell and candidate cell would be within CP.
Proposal 3  For the intra-frequency case when a serving cell and the corresponding candidate target cell(s) are configured with the same absoluteFrequencySSB, R17 L1 measurement requirements are re-used and all restrictions on SFN offset alignment, BWP setting (i.e. candidate cell SSB should be covered by serving cell active BWP), and Rx timing difference, etc, described in 9.13.2 of TS38.133 for intra-frequency L1 non-serving measurement can be re-used in R18.
Proposal 4  For the intra-frequency case when NCD-SSBs or CSI-RSs for L1 measurement, if RAN1 agrees to support, are within active BWP of the serving cell, the legacy CSI-RS based L1 measurement requirements can be re-used. The restriction on SFN offset alignment can be removed, but Rx timing difference between serving cell and candidate target cell still needs to be within CP.
Another consideration is using intermediate results from L3 measurements in the L1-RSRP reporting. In this case, the L1-RSRP measurement results for serving cell is also derived from the inter-mediate results of L3 measurements. If this is supported then the L1 measurement and reporting can be supported with slightly difference from L3 measurements. Longer measurement delay can be expected compared to legacy L1 measurements but the side condition can be the same as L3 measurements. If UE has such capability and network config UE to do so, then 
Proposal 5  For intra-frequency L1 measurements, RAN4 further discuss whether in R18 to support using intermediate results from L3 measurements in L1-RSRP reporting for both serving cells and candidate cells, if UE has such capability and network enables such reporting. In this kind of L1 measurement and reporting, the restrictions on Rx timing difference and BWP setting can be removed.

<Potential enhancements for inter-frequency L1 measurements>
As discussed above, we prefer to prioritize the case when L1 measurement RS is covered by ‘configured BWPs of SpCell and SCells’, which are BWPs for candidate SpCell or SCell. In this case, UE may either activate such BWP in advance if it supports such CA band combination, or perform L1 measurement within measurement gaps. However, in our understanding, if it is to be performed within measurement gaps, how to provide reporting to the gNB-DU in the inter-DU case is still unclear in RAN1/2. Moreover, the time-frequency-sync info for the L1 measurement of the candidate cell of need to be maintained, therefore, it would be difficult for gap sharing with other L3 measurements within gaps. The L1L2-triggered mobility is intended to support faster cell switch, and therefore it is not preferred to perform L1 measurements and L3 measurements sequentially within measurement gaps, which may significantly increase the measurement delay.
Observation 7  If L1 measurement is to be performed within measurement gaps, and UE needs to perform measurement on each L1 layer and each L3 layer one-by-one, the L1 measurement delay will be increased significantly and the intention to shorten cell switch delay cannot be achieved.
Proposal 6  For inter-frequency L1 measurements, RAN4 further discuss how to avoid making the L1 measurement delay too long for fast cell switch in LTM if it is supposed to be performed within measurement gaps.
Similarly, in the inter-frequency case, using intermediate results from L3 measurements in the L1-RSRP reporting would be also possible. Therefore, we have the following proposal.
Proposal 7  For inter-frequency L1 measurements, RAN4 further discuss whether in R18 to support using intermediate results from L3 measurements in L1-RSRP reporting for both serving cells and candidate cells, if UE has such capability and network enables such reporting. In this case inter-frequency L1 measurements are performed within SMTC.
Based on above discussion, a draft LS is provided in [7].
Conclusions
Based on above analysis, we have following observations and proposals.
Observation 1  Inconsistency is observed on the definition of ‘intra-/inter- frequency L1 measurements’ between RAN1 and RAN4, respectively. 
· RAN1 differentiate intra- and inter- frequency L1 measurements based on whether the RSs to be measured are covered by a certain BWP of the UE.
· RAN4 differentiate intra- and inter- frequency L1 measurements based on whether the centre-frequency of the measurement RS is the same as serving cell measurement RS or not.
Observation 2  L1 measurements are CSI measurements, and are used for beam measurements and reporting since R15.
Observation 3  CSI measurements, including L1 measurements, are more related to whether it is within active BWP or not. Whether it has the same frequency of serving cell measurement RS or not does not have very big impact on UE measurement behaviour.
Observation 4  If RSs for L1 measurements are not covered by any of the active BWPs of SpCell and Scells configured for a UE, but covered by some of the configured BWPs of SpCell and Scells configured for a UE, UE may still need to at least periodically perform L1 measurements on this target cell, based on the maintained time-frequency sync for the corresponding configured BWP.
Observation 5  If frequency of the measured RS not covered by any of the configured BWPs, it is highly possible that UE may need to perform L3 measurements and L1 measurement successively within one gap, and longer interruption to the serving cell data transmission can be expected.
Proposal 1  Based on latest RAN1 agreements, RAN4 revise the definition of intra-/inter- frequency L1 measurements as follows:
· For L1-RSRP measurements, a measurement is defined as an intra-frequency L1 measurement provided the RS to be measured is covered by any one of the active BWPs of SpCell and Scells. The L1 measurement RS can be SSB or CSI-RS, if CSI-RS is supported in RAN1.
· For L1-RSRP measurements, a measurement is defined as an inter-frequency L1 measurement provided the RS to be measured is NOT covered by any one of the active BWPs of SpCell and Scells.
· RAN4 prioritize the case of inter-frequency L1 measurement when frequency of the measured RS covered by any of the configured BWPs of SpCell and Scells configured for a UE.
· RAN4 deprioritize the case of inter-frequency L1 measurement when frequency of the measured RS not covered by any of the configured BWPs. It can be considered in future release. 
Observation 6  In R17, only ‘intra-frequency’ ICBM, i.e. the case when SSBs of serving cell and the cell with additional PCI are on the same frequency layer, is supported. However, in R18, both ‘intra-frequency’ and ‘inter-frequency’ LTM, i.e. the cases when SSBs of serving cell and the corresponding candidate target cell are either on the same frequency layer or on different frequency layers, need to be supported according to the WID.
Proposal 2  In R18 FeMob WI, inter-frequency L1L2-triggered mobility should be supported according to the WID, where the SSBs of active serving cell(s) and the corresponding candidate target cell(s) are on different frequency layers. 
· For inter-frequency PCell mobility, the corresponding candidate target cell(s) are candidate PCell(s), which can be either current SCell(s) or not.
Proposal 3  For the intra-frequency case when a serving cell and the corresponding candidate target cell(s) are configured with the same absoluteFrequencySSB, R17 L1 measurement requirements are re-used and all restrictions on SFN offset alignment, BWP setting (i.e. candidate cell SSB should be covered by serving cell active BWP), and Rx timing difference, etc, described in 9.13.2 of TS38.133 for intra-frequency L1 non-serving measurement can be re-used in R18.
Proposal 4  For the intra-frequency case when NCD-SSBs or CSI-RSs for L1 measurement, if RAN1 agrees to support, are within active BWP of the serving cell, the legacy CSI-RS based L1 measurement requirements can be re-used. The restriction on SFN offset alignment can be removed, but Rx timing difference between serving cell and candidate target cell still needs to be within CP.
Proposal 5  For intra-frequency L1 measurements, RAN4 further discuss whether in R18 to support using intermediate results from L3 measurements in L1-RSRP reporting for both serving cells and candidate cells, if UE has such capability and network enables such reporting. In this kind of L1 measurement and reporting, the restrictions on Rx timing difference and BWP setting can be removed.
Observation 7  If L1 measurement is to be performed within measurement gaps, and UE needs to perform measurement on each L1 layer and each L3 layer one-by-one, the L1 measurement delay will be increased significantly and the intention to shorten cell switch delay cannot be achieved.
Proposal 6  For inter-frequency L1 measurements, RAN4 further discuss how to avoid making the L1 measurement delay too long for fast cell switch in LTM if it is supposed to be performed within measurement gaps.
Proposal 7  For inter-frequency L1 measurements, RAN4 further discuss whether in R18 to support using intermediate results from L3 measurements in L1-RSRP reporting for both serving cells and candidate cells, if UE has such capability and network enables such reporting. In this case inter-frequency L1 measurements are performed within SMTC.
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