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1 	Introduction
In last meeting, two LS [1] and [2] was sent from RAN1. Besides, RAN4 had a preliminary discussion and made some agreement in [2]. Our views on “TCI State Update for L1/L2-Centric Inter-Cell Mobility” and “timing and SMTC for non-serving cell measurement” are provided in section 2 and 3 in this paper, respectively.
2 Discussion on TCI State Update for L1/L2-Centric Inter-Cell Mobility
2.1 Clarification on L1/L2-centric inter-cell mobility/mTRP operation
For inter-cell mobility and inter-cell mTRP operation, RAN4 had an agreement as follows.
	The content in LS[1] in RAN4 #98b-e
[bookmark: _Hlk69720724]Clarification on L1/L2-Centric inter-cell mobility and transmission schemes for enabling inter-cell multi-TRP operations (For information purpose)
RAN4 needs to first align the understanding of L1/L2-Centric inter-cell mobility and transmission schemes for enabling inter-cell multi-TRP operations with RAN1 before RAN4 further discusses any related issues.
· Note1: In RAN4, some schemes are discussed in this meeting, which may need further alignment. For example, schemes based on different companies’ understanding, such as Simultaneous Transmission case, Multi-TRP case, Regular CA case, and Multi-TRP operation after mobility operation might be considered as intra-band CA scenario indicated by RAN1 in LS R1-2102248. Other options/interpretations are not precluded.
· Note2: RAN4 shall not give preference on any of transmission schemes. RAN4 could only study on the RAN4 impact in the context of possible schemes.


Our views are provided as follows.
For inter-cell mobility:
UE is allowed to perform cell based handover procedure or beam based TCI state switching. In the Rel-15 and 16, UE performs the inter-Cell handover procedure to update the cell-specific configuration via RRC reconfigurations. However, such RRC reconfiguration is slow and will cause large latency. Besides, for the high mobility UE, the latency will get worse because of frequent handover. To tackle this problem, the L1/L2-centric inter-Cell mobility requirement is discussing in RAN1 to reduce the latency of the inter-Cell handover. 
For inter-cell mTRP operation:
UE is capable to be served by serving cell and non-serving cell simultaneously without handover (the concept is similar but not equal to CA). To be more precisely, UE may locate at the overlapping coverage of both two TRPs belonged to different cells and network can configure two UE specific channel to UE for increasing data throughput.
Our first preference is to avoid parallel discussions on the same definitions between RAN1 and RAN4. Therefore, we suggest to leave it to RAN1 on the definition discussion.
[bookmark: _Ref71570521]Proposal 1: RAN4 should wait for RAN1 final definition on inter-cell mobility/mTRP operation.

2.2 Identify impacts from RAN4 perspective
	Operations in L1/L2-Centric inter-cell mobility that RAN4 needs to evaluate
Based on RAN1/RAN2 agreement, RAN4 may need to consider and evaluate the impact of at least the followings from RAN4 perspective
· Measurement on NSC and reporting of the measurement; and
· Operations for indicating a TCI state referring to RSs on the NSC; and
· FFS: Transmission schemes for enabling inter-cell multi-TRP operations
· Note: Transmission schemes are discussed in the following items.
Identified impacts on RAN4 for further discussion
For L1/L2-Centric inter-cell mobility, RAN4 shall discuss on the impacts with regard to following issues:
· UE L1-measurement on NSC for beam measurements and reporting;
· Whether to enhance UE capability due to L1 measurements on NSC
· Requirement for TCI state switching considering TCI related operations pertained to RS(s) on NSC;
· UE BM capability and timing requirement for 
· UE simultaneous“reception and transmission”or simultaneous reception only from multiple SC, after L1/L2-Centric inter-cell mobility operation , if RAN1 supports this feature;
· UE CA scenario, if RAN1 considers the case that UE is configured with multi CCs;
· Other issues are not precluded.



Measurement
As we discussed in last meeting, for the inter-frequency measurement, the measurement gaps (MG) shall be considered. However, it is not beneficial that UE needs MGs to perform cell search and fine time tracking for non-serving cell (inter-frequency) because it may cause interruption to serving cell. Besides, the SSB and initial BWP configurations, e.g., position in frequency domain and BWP bandwidth, between serving cell and non-serving cell (inter-frequency) may also make the discussion complicated. As a result, we suggest not to introduce the inter-frequency scenario for inter-cell mobility.
[bookmark: _Ref71545566][bookmark: _Ref71546359]Proposal 2: No need to introduce the inter-frequency scenario for inter-cell mobility/mTRP operation.

TCI state switching
Currently, there are three types for TCI state switching, i.e., RRC based, MAC CE based and DCI based. In our understanding, the RRC based TCI state switching should not be applicable because it violates the intention of the “L1/L2-centric” inter-cell mobility and inter-cell mTRP operation.
[bookmark: _Ref71546364]Proposal 3: RRC based TCI state should not be applicable for L1/L2-centric inter-cell mobility/inter-cell mTRP operation.
On the other hand, the TCI state switching is further categorized into known and unknown cases. It is well known that the unknown case will take more time than known case to setup the TCI state. Thus, we propose not to introduce the unknown case for L1/L2-centric inter-cell mobility/inter-cell mTRP operation because we should complete the process as soon as possible.
[bookmark: _Ref71546366]Proposal 4: Not to introduce the TCI state switching with unknown case for L1/L2-centric inter-cell mobility/inter-cell mTRP operation.
To be more efficient switching, our thinking is that the corresponding RRC configuration for non-serving cell should be preconfigured to UE via serving cell, i.e., the list of TCI state for non-serving cell. We believe pre-configuration is inevitable if we want to achieve inter-cell mobility/inter-cell mTRP operation without L3 procedure. However, how to preconfigure the corresponding TCI state list would be RAN2’s work and we just want to clarify in RAN4.
[bookmark: _Ref71546369]Observation 1: For L1/L2-centric inter-cell mobility, the TCI state list for non-serving cell should be preconfigured to UE via serving cell.

Timing
In RAN1 #95 shown as follows, it is agreed that UE is required to simultaneously receive the signals from multiple TRP within a CP.
	Agreement in RAN1 #95 meeting
For multiple-PDCCH based multi-TRP/panel DL transmission, at least following enhancements can be studied for eMBB: 
· Note that for the sake of discussion, the UE may assume that the UE may receive DL transmission from multiple TRP within a CP with single/multiple FFT windows. Companies are encouraged to clarify time/frequency synchronization assumptions for proposed multi-TRP/panel DL transmission. 



In our understanding, we can take the agreement made in RAN1 as reference to define the timing requirement for L1/L2-centric inter-cell mobility/mTRP operation. Thus, we suggest the maximum timing difference of the signals reception between serving cell and non-serving cell cannot be larger than [CP].
[bookmark: _Ref68103360]Proposal 5: UE is not required to simultaneously receive the signals from serving cell and non-serving cell with the timing difference larger than [CP].

2.3 scenarios assumption from RAN4 perspective
	RAN4 assumptions for L1/L2-Centric inter-cell mobility scenarios
RAN4 considers the feature of L1/L2-Centric inter-cell mobility under the assumptions that:
· Focus on both FR2 and FR1 
· Both SC and NSC are in the same FR;
· Study on non-collocated and collocated SC and NSC case
· SC and NSC are 
· in the same frequency layer
· The SSBs of NSC have the same center frequency and SCS as the SSBs of the serving cell (RAN1 agreement)
· not in the same frequency layer, if supported by RAN1
· CA scenarios (e.g. intra-band and inter-band), if defined and supported by RAN1
· Other inter-frequency case, if any supported by RAN1
· Other options are not precluded.



For colocation assumption, in our understanding, it should be discussed together with power imbalance and receive timing difference. 
[bookmark: _Ref71570555]Proposal 6: For colocation assumption in inter-cell mobility/mTRP operation, FFS together with power imbalance and receive timing difference.

Regarding inter-frequency measurement, please refer to Proposal 2.

2.4 Answers to Questions in RAN1 LS
We provide draft answers to questions in the RAN1 LS [1].
	Question 5: In regard of CA issues, RAN1 is discussing whether the operation is supported only for intra-band CA scenario (i.e. UE is configured to operate with serving and non-serving cells that belong to the same frequency band) or for both intra-band CA and inter-band CA scenarios. Note that one common TCI state ID associated with a non-serving cell, if supported, may be optionally applied for CCs in a band.
1. Are there specific RAN2/4 issues (including higher-layer impact) that need to be considered for deciding between the two alternatives? 


In our understanding, the terms “intra-band CA” and “inter-band CA” may be misunderstanding and we suggest to inform RAN1 to clarify the meaning of the term “CA” here. In this paper, we use “intra-band” and “inter-band” to describe the relation between serving cell and non-serving cell in or not in the same band. Besides, we also provide the possible scenarios of the inter/intra-cell mobility as Fig.1.

[image: ]
Fig.1 four scenarios for intra/inter cell mobility: (a) intra-band intra-frequency, (b) intra-band inter-frequency, (c) inter-band intra-frequency and (d) inter-band inter-frequency

For the question, we think both intra-band and inter-band scenario may be supported to UE. As we known, it is similar to the requirement for common beam and independent beam, i.e., up to network deployment to indicate UE which beam type should be chosen for signals reception/transmission.
[bookmark: _Ref68103384][bookmark: _Ref71546380]Proposal 7: Both intra-band and inter-band can be supported to UE for signals reception/transmission, i.e., up to network deployment, given that reception/transmission is conducted with the same intra-frequency with UE serving cell.

	Question 6: In regard of inter-frequency issues, from RAN2/4 perspective, what would be the higher-layer and RRM impact assuming inter-frequency scenarios as opposed to intra-frequency scenarios? For intra-frequency scenario, it is assumed that SSBs of non-serving cells have the same center frequency and SCS as the SSBs of the serving cell.
· Note: RAN1 has agreed to support intra-frequency scenarios, whereas the support for inter-frequency scenarios is still for further study.


As the discussion on Proposal 2, in our understanding, it is not beneficial that UE needs MG to perform cell search and fine time tracking for non-serving cell (inter-frequency). On the other hand, the SSB and initial BWP configurations, e.g., position in frequency domain and BWP bandwidth, between serving cell and non-serving cell (inter-frequency) may also make the discussion complicated. As a result, we suggest that no need to introduce the inter-frequency scenario for inter-cell mobility.
3 Discussion on reply LS to RAN4 about timing and SMTC for non-serving cell measurement
L1-RSRP measurement is agreed for non-serving cell in RAN1 for inter cell mobility/mTRP.

In last meeting, one LS [2] on timing assumption for inter-cell downlink measurement is sent from RAN1. Our views on the questions in LS are provided in this paper.

	Agreement in RAN1 #104-e
Agreement
On Rel.17 multi beam measurement/reporting enhancements for L1/L2-centric inter-cell mobility and inter-cell mTRP:
· Rel.15 L1-RSRP is used as reporting quantity for measurement and reporting of non-serving-cell(s)
· Support SSB as a measurement RS for L1/L2-centric inter-cell mobility and inter-cell mTRP, and Rel.15 SS-RSRP calculated from SSB of non-serving cell(s)
· FFS: Whether the measurement for SS-RSRP is limited within SMTC
· FFS: Detailed reporting method, e.g. via including existing L1-RSRP report, UE-initiated report etc.
· FFS: Whether or not to support CSI-RS (for e.g. mobility and/or tracking) of non-serving cell(s) as a measurement RS for L1/L2-centric inter-cell mobility and inter-cell mTRP. If the support of CSI-RS (for e.g. mobility and/or tracking) of non-serving cell(s) as a measurement RS for L1/L2-centric inter-cell mobility and inter-cell mTRP is confirmed, Rel.15 CSI-RSRP is also supported  
· Whether the support applies to CSI-RS with or without QCL source, or both
· FFS: The number of non-serving cell(s) for measurement/reporting 
· FFS: time behavior of the reporting, i.e. periodic, semi-persistent, aperiodic, or UE-initiated
· FFS: If other reporting quantities are supported, e.g. L3-RSRP, hybrid L1/L3-RSRP
· FFS: Dynamic activation/deactivation/selection of the beam measurement on the RS(s) associated with non-serving cell(s) via MAC CE
· FFS: Timing assumption (e.g. time of arrival and time of the measurement) for measurement of non-serving cell RS measurement

Agreement
On Rel.17 multi-beam measurement/reporting enhancements for L1/L2-centric inter-cell mobility and inter-cell mTRP, 
· In one reporting instance, depending on NW configuration, beam(s) associated with a non-serving cell can be mixed with that associated with serving-cell 
· FFS: whether this applies to periodic, semi-persistent, and/or aperiodic
· FFS: How to report the K beams and corresponding qualities if the Tx power among the non-serving cell and with serving-cell is not the same
· Note: The supported numbers of non-serving cells (in terms of measurement/reporting) have not yet been decided. The above description doesn’t imply only one non-serving cell is allowed to be configured for measurement. Nor does this imply that only one non-serving cell is allowed in one reporting instance.



Besides, RAN1 ask RAN4 two questions for timing assumption for inter-cell downlink measurement. 
	Question 1: In the context of L1/L2-centric inter-cell mobility, what are the implication(s)/benefit(s), if any, (from RAN4 perspective) of limiting the measurement for L1-RSRP on measurement RS of a non-serving cell within the SMTC window(s) (only applicable to SSB) for the above agreed L1-RSRP reporting? Conversely, what are the implication(s)/benefit(s), if any, of not limiting the measurement for L1-RSRP to be carried out within the SMTC window(s)?



To be efficient, this discussion can be started from different frequency ranges and our views are provided as follows.
For FR1:
L3 and L1 measurement can be performed simultaneously in FR1. Thus, our thinking is that it should have no impact on limiting the L1-RSRP measurement for non-serving cell within the SMTC windows in FR1. Note that UE may not be able to perform L1 measurement and data reception simultaneously if the timing difference is larger than a CP.
For FR2:
According to TS 38.133, sharing factor Psharing factor is introduced for relaxing measurement. It is because that, in some case, the SSB for L1-RSRP measurement may overlap with the other SSB indicated by SSB-ToMeasure (L3 measurement). However, UE is not required to perform the L3 and L1 measurement simultaneously in FR2 due to Rx beam type. Thus, to tackle this problem, the sharing factor Psharing factor is introduced for relaxing measurement period between L3 and L1 measurement. Therefore, we think the similar sharing factor should be considered for non-serving in FR2.
[bookmark: _Ref71138933]Proposal 8: For non-serving cell, the L1-RSRP measurement is depending on frequency range:
In FR1, there is no impact on limiting L1-RSRP measurement within SMTC window.
In FR2, the sharing factor, e.g., Psharing factor defined in TS 38.133, should be considered for non-serving cell.

	Question 2: In the context of L1/L2-centric inter-cell mobility, for measurement on measurement RS of a non-serving cell, with the above agreed L1-RSRP reporting, if the receive timing of the measurement RS from the non-serving cell can be different from the receive timing of the signals from the serving cell, what are the implication(s)/benefit(s), if any, from RAN4 perspective?



In RAN1 #95, there is an agreement for the timing requirement in R16 multi-TRP scenario shown as follows.
	Agreement in RAN1 #95 meeting
For multiple-PDCCH based multi-TRP/panel DL transmission, at least following enhancements can be studied for eMBB: 
· Note that for the sake of discussion, the UE may assume that the UE may receive DL transmission from multiple TRP within a CP with single/multiple FFT windows. Companies are encouraged to clarify time/frequency synchronization assumptions for proposed multi-TRP/panel DL transmission. 



In general, geographically R16 eMIMO in mTRP and R17 inter-cell mobility/mTRP are the same because both two issues are the mTRP scenario. Thus, in our understanding, the requirement in R16 eMIMO should be reused for R17 inter-cell mobility/mTRP, i.e., UE may receive downlink transmission from multiple TRPs within a CP for R17 inter-cell mobility/mTRP. As a results, UE may not be able to measure and receive the signals simultaneously if receive timing difference between two TRPs is larger than a CP.
[bookmark: _Ref71557473]Proposal 9: For R17 inter-cell mobility/mTRP, UE should receive downlink transmission from multiple TRP within a CP, otherwise UE may not be able to measure and receive the signals simultaneously from multiple TRPs.

4 Summary
In this paper, the discussion for “TCI State Update for L1/L2-Centric Inter-Cell Mobility” and “timing and SMTC for non-serving cell measurement” are provided. We have the following proposal:
4.1 L1/L2-centric inter-cell mobility/mTRP operation
Proposal 1: RAN4 should wait for RAN1 final definition on inter-cell mobility/mTRP operation.
Proposal 2: No need to introduce the inter-frequency scenario for inter-cell mobility/mTRP operation.
Proposal 3: RRC based TCI state should not be applicable for L1/L2-centric inter-cell mobility/inter-cell mTRP operation.
Proposal 4: Not to introduce the TCI state switching with unknown case for L1/L2-centric inter-cell mobility/inter-cell mTRP operation.
Observation 1: For L1/L2-centric inter-cell mobility, the TCI state list for non-serving cell should be preconfigured to UE via serving cell.
Proposal 5: UE is not required to simultaneously receive the signals from serving cell and non-serving cell with the timing difference larger than [CP].
Proposal 6: For colocation assumption in inter-cell mobility/mTRP operation, FFS together with power imbalance and receive timing difference.
Proposal 7: Both intra-band and inter-band can be supported to UE for signals reception/transmission, i.e., up to network deployment, given that reception/transmission is conducted with the same intra-frequency with UE serving cell.

4.2 timing and SMTC for non-serving cell measurement
Proposal 8: For non-serving cell, the L1-RSRP measurement is depending on frequency range:
In FR1, there is no impact on limiting L1-RSRP measurement within SMTC window.
In FR2, the sharing factor, e.g., Psharing factor defined in TS 38.133, should be considered for non-serving cell.
Proposal 9: For R17 inter-cell mobility/mTRP, UE should receive downlink transmission from multiple TRP within a CP, otherwise UE may not be able to measure and receive the signals simultaneously from multiple TRPs.
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