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[bookmark: _Toc116995841]Introduction
In RAN4#104-bis-e meeting, RAN4 discussed LTM. In this contribution, we would like to discuss L1-RSRP measurement requirements for LTM. RAN4 received and LS from RAN1. The full LS content is summarised in Annex A, and the relevant parts are referred in the Table 1. 
	Regarding L1/L2-based inter-cell mobility for Rel-18 NR further mobility enhancement, RAN1 made the following agreements for L1 intra-frequency measurement:
1. L1 Intra-frequency measurement

Regarding L1/L2-based inter-cell mobility for Rel-18 NR further mobility enhancement, RAN1 made the following agreements for L1 intra-frequency measurement:
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
2. L1 Inter-frequency measurement
In addition, RAN1 made the following agreements for L1 inter-frequency measurement:
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



[bookmark: _Ref118739880][bookmark: _Ref118739876]Table 1:RAN1 agreements
Furthermore, in the last RAN4 meeting, RAN4 reach the following agreements regarding L1 measurements. 
	Intra-frequency & inter-frequency
< 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. 



[bookmark: _Toc116995842]Table 2:RAN4 agreements
Discussion
Existing L1-RSRP measurement definitions
RAN4 has defined RSRP intra-frequency and inter-frequency measurement accuracies in the TS 38.133 section 10. We note that already in Rel-17 RAN4 defined requirements for L1-RSRP measurement for a cell with different PCI than serving cell in section 9.13. 
[bookmark: _Toc118748450]RAN4 has defined requirements for L1-RSRP measurement for a cell with different PCI than serving cell.
Using these existing measurements requirements as a baseline is feasible way to define measurement requirements for LTM measurements. We expect that RAN4 could use existing L1-RSRP measurement for a cell with different PCI than serving cell at least as base for LTM measurement and reporting requirements. 
[bookmark: _Toc118748451]Existing L1-RSRP measurement requirements for a cell with different PCI than serving cell can applied for LTM.
However, the L1-RSRP measurement accuracy requirement for non-serving cell is missing in RAN4. We also notice that the current measurement accuracies for SSB-based measurements is rather relaxed especially for FR2. Hence, we propose to discuss the L1-RSRP measurement accuracies and whether they can be improved now when they are to be used for LTM.
[bookmark: _Toc118748452][bookmark: _Toc118740176]Discuss the L1-RSRP measurement accuracies and whether they can be improved for LTM
[bookmark: _Toc118740177][bookmark: _Toc118748453]RAN4 to define L1-RSRP measurement accuracy requirement for non-serving cell.  
In the last RAN4 meeting, RAN4 agreed that SSB L1-RSRP measurement follows the definition of L3 measurement. 
We note that in the current NR 38.133 Rel 17, for L1-RSRP beam measurement, only intra-frequency measurement requirement is specified and therefore requirements for inter-frequency scenarios are yet to be defined.
[bookmark: _Toc118740178][bookmark: _Toc118748454]RAN4 to define L1-RSRP measurement definition for inter frequency scenario. 
[bookmark: _Toc118740179][bookmark: _Toc118748455][bookmark: _Toc118740180]RAN4 may use existing L3 inter-frequency definition as the starting point. 
Questions 1 from RAN1 
We received the following LS from RAN1: 
	
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.




Based on the above question, from RAN1. We propose to study the issue further. 
[bookmark: _Toc118740181][bookmark: _Toc118748456]RAN4 is to study if the restriction on e.g., SFN offset alignment, BWP setting, RX timing difference etc described in 9.13.2 of TS38.133 for intra-frequency L1 non-serving measurements can be relaxed or not.
[bookmark: _Toc118740182][bookmark: _Toc118748457][bookmark: _Toc118740183] RAN4 is to study if the restriction on e.g., SFN offset alignment, BWP setting, RX timing difference etc described in 9.13.2 of TS38.133 for inter-frequency L1 non-serving measurements can be relaxed or not.
Questions 2 from RAN1 

	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. 




The intra-frequency requirements in FR1 and FR2 for L1-RSRP measurement and reporting have been defined in the latest TS 38.133 specification, which covers L1 measurement from a cell with different PCI than serving cell. As mentioned, these could be used as the baseline for L1/L2 mobility intra-frequency requirements. However, inter-frequency measurement on non-serving neighbour cells seems not considered. We see that such requirements would be needed for L1/L2 mobility as inter-frequency scenario is considered in L1/2 mobility as shown above. 
[bookmark: _Toc118740184][bookmark: _Toc118748458]Inter-frequency L1-RSRP measurement requirements on non-serving cell need to be defined.
[bookmark: _Toc118740185][bookmark: _Toc118748459]Intra- and Inter-frequency are clearly both within the WID scope. 
[bookmark: _Toc118740186][bookmark: _Toc118748460]Intra-frequency is included in the WID scope and ready for RAN4 work
We think that RAN4 can confirm that the RAN1 understanding is correct that supported scenarios not included in intra-frequency are regarded as inter-frequency for L1 measurement. 
[bookmark: _Toc118740187][bookmark: _Toc118748461]It is proposed to have L1 inter-frequency measurement definition which follows the L3 definition: A measurement is defined as a SSB based inter-frequency L1-measurement provided the center frequency and SCS of the SSB of the neighbor cell is different as SSB of the serving cell indicated in ServingCellConfigCommon
[bookmark: _Toc118740188][bookmark: _Toc118748462]RAN4 is to define intra/inter-frequency definition for non-SSB resources.
[bookmark: _Toc118740189][bookmark: _Toc118748463]RAN4 is to study the possibility of measurement gap and measurement window for L1 inter-frequency measurements. 



[bookmark: _Toc116995848]

Conclusion
In the paper, the following Observations and Proposals were made:
Observation 1: RAN4 has defined requirements for L1-RSRP measurement for a cell with different PCI than serving cell.
Proposal 1: Existing L1-RSRP measurement requirements for a cell with different PCI than serving cell can applied for LTM.
Proposal 2: Discuss the L1-RSRP measurement accuracies and whether they can be improved for LTM
Proposal 3: RAN4 to define L1-RSRP measurement accuracy requirement for non-serving cell.
Proposal 4: RAN4 to define L1-RSRP measurement definition for inter frequency scenario.
Proposal 5: RAN4 may use existing L3 inter-frequency definition as the starting point.
Proposal 6: RAN4 is to study if the restriction on e.g., SFN offset alignment, BWP setting, RX timing difference etc described in 9.13.2 of TS38.133 for intra-frequency L1 non-serving measurements can be relaxed or not.
Proposal 7: RAN4 is to study if the restriction on e.g., SFN offset alignment, BWP setting, RX timing difference etc described in 9.13.2 of TS38.133 for inter-frequency L1 non-serving measurements can be relaxed or not.
Observation 2: Inter-frequency L1-RSRP measurement requirements on non-serving cell need to be defined.
Observation 3: Intra- and Inter-frequency are clearly both within the WID scope.
Proposal 8: Intra-frequency is included in the WID scope and ready for RAN4 work
Proposal 9: It is proposed to have L1 inter-frequency measurement definition which follows the L3 definition: A measurement is defined as a SSB based inter-frequency L1-measurement provided the center frequency and SCS of the SSB of the neighbor cell is different as SSB of the serving cell indicated in ServingCellConfigCommon
Proposal 10: RAN4 is to define intra/inter-frequency definition for non-SSB resources.
Proposal 11: RAN4 is to study the possibility of measurement gap and measurement window for L1 inter-frequency measurements.
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References
[1] [bookmark: _Ref114500673]R1-2210727 LS on L1 intra- and inter- frequency measurement and configurations for L1/L2-based inter-cell mobility
[2] R4-2215519 - Discussion on Lower Layer Mobility, LLM; Nokia, Nokia Shanghai Bell; RAN4 #104bis-e, October 10 – October 19, 2022


Annex A: Full list of RAN1 agreements
RAN1 send an LS (R1-2210727) to RAN4 with the following content.  
	
1. L1 Intra-frequency measurement

Regarding L1/L2-based inter-cell mobility for Rel-18 NR further mobility enhancement, RAN1 made the following agreements for L1 intra-frequency measurement:

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

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.


2. L1 Inter-frequency measurement

In addition, RAN1 made the following agreements for L1 inter-frequency measurement:

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. 

3. L1 measurement and TCI state configurations

RAN1 has started the discussion on the configuration for L1 measurement and TCI states for candidate cells. Regarding the following RAN2 agreements captured in RAN2 LS (R1-2208331/R2-2209257), it is not clear for RAN1 which kind of information/configuration for candidate cell(s) are available at a serving cell for inter-DU case for Rel-18 L1/L2 mobility. Thus, companies have different understanding on the implication of the sentence “as much commonality as reasonable” in the LS.
· The design for intra-DU and inter-DU L1/L2-based mobility should share as much commonality as reasonable. FFS which aspects need to be different.

Question 3 (to RAN2 and RAN3): RAN1 respectfully asks RAN2 and RAN3 if the serving DU knows the measurement RS configuration and TCI state configuration of cells served by another DU.

4. RAN1 #110b-e agreements

The agreements achieved in RAN1#110b-e are captured below for information. 

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
· Send an LS to RAN4 (CC RAN2) 
· RAN1 to ask RAN4 if the restriction on e.g., SFN offset alignment, BWP setting 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. 
· RAN1 assumes Rel-17 ICBM CSI measurement as starting point.

Agreement
· For Rel-18 L1/L2 mobility,
· SSB is supported for L1 intra-frequency measurement
· SSB is supported for L1 inter-frequency measurement if inter-frequency L1 measurements are supported
· Further study the following L1 measurement RS for candidate cell
· CSI-RS for tracking, beam management, CSI and mobility, CSI-IM, which is for L1 intra-frequency and L1 inter-frequency (if supported) 

Agreement
· For candidate cell measurement for Rel-18 L1/L2 mobility, 
· L1-RSRP is supported for intra-frequency candidate cell measurement.
· Further study the following measurement quantities for candidate cell measurement
· L1-RSRP for inter-frequency (if supported)
· L1-SINR for intra-frequency and inter-frequency (if supported)
· FFS: to assess the use case and the benefit of UL measurement instead of/in addition to DL L1 measurement, which includes:
· How the UL measurement result is used, e.g. handover decision
· Signals/channels used for UL measurement, e.g. SRS
· Spec impact including other WGs, e.g. definition of gNB measurement, interface to transfer RS configuration or measurement results
· Note: The next discussion will take place based on companies’ contribution in future meeting.

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
· Send an LS to RAN4 (CC RAN2) 
· RAN1 would like to confirm our understanding that the supported 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 
· It is RAN1 understanding that the introduction of measurement gap and SMTC for L1 inter-frequency measurement, if any, is expected to be a RAN4 issue
· Note: this content is included in the LS agreed for intra-frequency L1 measurement

Agreement
· For L1 measurement report for Rel-18 L1/L2 mobility, further study the following mechanisms:
·  Report as UCI on PUCCH or PUSCH
· Periodic report on PUCCH, semi-persistent report on PUCCH/PUSCH, and aperiodic report on PUSCH
· Potential enhancements to Rel-17 ICBM report format to accommodate Rel-18 scenarios, e.g.
· Inter-frequency measurement, if supported
· Increasing the maximum number of reported beams, which is 4 for Rel-17 ICBM
· Flexible size beam report, e.g., two-part UCI (e.g., the 1st part contains the best beam/cell and the number (e.g., N) of reported beams/cells, the 2nd part contains the rest (N-1) beams/cells
· Reducing the reporting overhead by e.g. choosing beams/cells per frequency or across frequencies to report (FFS how)
· Report on MAC CE 
· Both gNB scheduled and/or UE initiated (if supported) report are studied

Agreement
· RAN1 to further study if the beam indication of candidate cell(s) L1/L2 mobility should be designed for a specific TCI framework below, and their potential RAN1 spec impact. 
· Option A:  Beam indication for Rel-18 L1/L2 mobility is designed based on Rel-17 TCI framework mechanism
· Option B: Beam indication for Rel-18 L1/L2 mobility is designed based on Rel-15 TCI framework mechanism 
· Option C: Beam indication for Rel-18 L1/L2 mobility is designed based on both Rel-15 and Rel-17 TCI framework mechanisms 

Agreement
-  Send an LS to RAN2/RAN3 asking the clarification on intra-/inter-DU scenario:
-      RAN1 has started the discussion on the configuration for L1 measurement and TCI states for candidate cells. Regarding the following RAN2 agreements captured in RAN2 LS (R1-2208331/R2-2209257), it is not clear for RAN1 which kind of information/configuration for candidate cell(s) are available at a serving cell for inter-DU case for Rel-18 L1/L2 mobility. Thus, companies have different understanding on the implication of the sentence “as much commonality as reasonable” in the LS.
-      The design for intra-DU and inter-DU L1/L2-based mobility should share as much commonality as reasonable. FFS which aspects need to be different.
- 	RAN1 respectfully asks RAN2 and RAN3 if the serving DU knows the measurement RS configuration and TCI state configuration of cells served by another DU

Agreement
· Send an LS to RAN2, 3 and 4 to inform them of the agreements under A.I 9.12.1 and A.I. 9.12.2
· If the LS related proposal under A.I 9.12.1 and 9.12.2 are agreed, the contents are also included.

Agreement
· RAN1 to further study the potential RAN1 enhancements and spec impact to perform at least the following procedures prior to the reception of L1/L2 cell switch command aiming at the reduction of handover delay / interruption
· DL synchronization for candidate cell(s) 
· TRS tracking for candidate cell(s)
· CSI acquisition for candidate cell(s)
· Activation/Selection of TCI states for candidate cell(s), if feasible
· Note: Uplink synchronization aspect will not be discussed under this A.I.
· FFS: Whether the above procedures prior to the reception of L1/L2 cell switch command can be performed on candidate cell when it is deactivated SCell (if defined in RAN2) 
· Detailed discussion will be commenced after receiving RAN2 LS. 
Agreement
· From RAN1 perspective, the following scenarios can be considered for Rel-18 L1/L2 mobility for beam indication timing. This will be updated depending on further RAN1 assessment and RAN2 decision on the time chart
· Scenario 1: Beam indication before cell switch command
· Scenario 2: Beam indication together with cell switch command
· Scenario 3: Beam indication after cell switch command
· Interested companies are encouraged to further study the validity of the scenarios and the potential spec impact. 
Agreement
· Interested companies are encouraged to perform technical analysis of the cell switch command from a RAN1 point of view, e.g.
· Necessary information included in the command, which is relevant for RAN1 discussion
· Necessary number of bits for the information
· L1 impact or concern to use DCI or MAC CE for L1/L2 cell switch command
Agreement 
Support TA acquisition of candidate cell(s) before cell switch command is received in L1/L2 based mobility.
· FFS: whether this can be applied to candidate cell when it is deactivated SCell (if defined in RAN2)
 
Agreement
On mechanism to acquire TA of the candidate cells, the following solutions can be further studied:
•         RACH-based solutions
e.g., PDCCH ordered RACH, UE-triggered RACH, higher layer triggered RACH from NW other than L3 HO cmd
•         RACH-less solutions
e.g., SRS based TA acquisition, Rx timing difference based, RACH-less mechanism as in LTE, UE based TA measurement (including UE based TA measurement with one TAC from serving cell)
 
Agreement
For TA acquisition of a candidate cell before cell switch command is received, study at least the following alternatives of associating TA/TAG to candidate cell:
· Alt1: Associate TA/TAG and candidate cell implicitly, e.g.,
· the association between TA/TAG and TCI states can be configured
· Alt2: Associate TA/TAG and candidate cell explicitly, e.g.,
· the association is provided as a part of candidate cell(s) configuration
· the association between TA/TAG and SSB(s)/TRS(s) is provided as a part of candidate cell(s) configuration




