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1. Introduction 
In RAN4#98bis-e RAN4 received an LS from RAN1 on TCI State Update for L1/L2-Centric Inter-Cell Mobility [1]. In RAN4#98-bis-e the LS was discussed and way forward [2] was agreed. In this meeting RAN4 has received an LS from RAN1 on Timing Assumption for Inter-Cell DL Measurement [3]. In this contribution we discuss the questions raised by RAN1 and propose replies to them. 

2. L1/L2-Centric Inter-Cell Mobility
RAN1 discussed the support of L1/L2-centric inter-cell mobility and made the following agreement.  
	Agreement
On Rel.17 enhancements for L1/L2-centric inter-cell mobility, 
· Discuss whether to support at least the source RS types already agreed for intra-cell mobility for the purpose of referencing to non-serving cell(s). Note: This implies the following source RS(s): 
· CSI-RS for BM configured for non-serving cell(s) for DL QCL and UL TX spatial references
· CSI-RS for tracking (TRS) configured for non-serving cell(s) for DL QCL and UL TX spatial references
· SSB configured for non-serving cell(s) for UL TX spatial references
· SRS for BM configured for non-serving cell(s) for UL TX spatial references
· FFS: whether to support CSI-RS for mobility 
· FFS: whether to support other source RS(s) potentially agreed later for intra-cell mobility
· FFS: whether to support CSI-RS for BM and tracking configured for non-serving cell(s) and without non-serving cell SSB as QCL-TypeD source
· Send an LS to RAN2 on TCI state update (beam indication) using source RS configured for non-serving cell(s) for DL reception and UL transmission. The following topics are considered for the LS: 
· RRC configuration issues
· Serving cell issues
· C-RNTI issues
· Issues related to CU-DU split
· Inter-band CA issues
· Inter-frequency issues




RAN1 seeks input from RAN4 on inter-band CA and inter-frequency issues in the context of L1/L2-centric inter-cell mobility and inter-cell multi-TRP operations.
	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? 




For Question 5 above RAN4 needs further discussion and common understanding on the operation. Perhaps it is best to request further clarification from RAN1 to understand the operation and provide a more appropriate response. 
Proposal #1: Discuss further and agree on the implication of inter-band operation for L1/L2 centric mobility and inter-cell mTRP and clarify with RAN1 to provide an appropriate response.  

	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.




Currently we don’t have requirements for L1 measurements on non-serving cell defined. In order to support measurements on inter-frequency NSC, we might need a configured measurement gap for the measurements. Also, the switching delay might need to account for additional time for active BWP switching delay. 
Proposal #2: [Proposed reply for Q6] In order to support measurements on inter-frequency carrier, a measurement gap might be required to support inter-frequency measurement. In addition, the switching delay might need to be accounted for additional time for active TCI state switch delay in case of inter-frequency cell. 
Prior to the switch UE is receiving dedicated channels on the serving cell and receiving SSB from the non-serving cell to make and report measurements. After the switch, it is unclear what the role of previous serving cell is. Also, it would be useful to clarify with RAN1 the term to identify the previous non-serving cell after the TCI state switch.  and the requirements for the UE on what signals it is expected to receive from the 
Proposal #3: Clarify with RAN1 the expectation on receiving signals from different cells after the switch (TCI state) to new cell for dedicated channels. 
3. Timing Assumption for Inter-Cell DL Measurement
RAN1 has agreed to support L1-RSRP measurement and reporting for non-serving cell and has made the following agreements:
	
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.




In addition, RAN1 clarifies the following:
· Only SSB has been agreed to be used for non-serving cell measurement RS. CSI-RS is still TBD
· Only intra-frequency measurement has been agreed and inter-frequency measurement is still TBD

RAN1 seeks input from RAN4 on the following questions related to DL timing assumptions.
	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)?



UE is configured SMTC for L3 measurements on the neighbor cell. The SMTC periodicity and duration is to cater to all neighbor cells to be measured and it could be very likely that the SMTC periodicity is larger than the SSB periodicity of the cell being measured. During the SMTC the neighbor cell needs to be detected and measured. Due to the larger periodicity of SMTC than the SSB of neighbor cell, a longer measurement period would be needed if the measurement is limited to SMTC.  The benefit of limiting L1-RSRP measurements for non-serving cells to SMTC, the existing framework of neighbor cell L3 measurements could be used. On the other hand, by allowing L1-RSRP measurements on non-serving cells to be made outside SMTC, the measurement could take shorter than if limited to SMTC.
Observation #1: SMTC periodicity could be longer than SSB periodicity of non-serving cell to be measured.
Observation #2: Benefit of limiting L1-RSRP measurements of non-serving cell to SMTC would use the existing framework for L3 neighbor cell measurement.
Observation #3: Allowing for measurements of L1-RSRP of non-serving cell outside SMTC would potentially shorten the measurement time, if measurement is made based on SSB periodicity rather than SMTC.
Proposal #4: [Proposed Response to Question 1]
The SMTC periodicity could be larger than SSB periodicity of non-serving cell to be measured. The benefit of limiting L1-RSRP measurements of non-serving cell to SMTC would use the existing framework for L3 neighbor cell measurement. On the other hand, allowing for measurements of L1-RSRP of non-serving cell outside SMTC would potentially shorten the measurement time, if measurement is made based on SSB periodicity rather than SMTC.

	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?



For RS on intra-frequency carrier, in FR1 the receive timing could be different from serving cell in FDD for asynchronous case. In FR1 TDD and FR2 the intra-frequency neighbor cell is assumed to be synchronous and can derive timing from serving cell.
Observation #4: In FR1 TDD and FR2 the intra-frequency neighbor cell is assumed to be synchronous and can derive timing from serving cell. For FR1 FDD the intra-frequency cell could be asynchronous and have different receive timing compared to serving cell. 
Proposal #5: [Proposed Response to Question 2]
In FR1 TDD and FR2 the intra-frequency neighbor cell is assumed to be synchronous and can derive timing from serving cell. For FR1 FDD the intra-frequency cell could be asynchronous and have different receive timing compared to serving cell.

4. Conclusion
In this paper, we discuss the questions form RAN1 and provide some responses to the questions raised by RAN1. Our proposals are captured below:
L1/L2-Centric Inter-Cell Mobility
Proposal #1: Discuss further and agree on the implication of inter-band operation for L1/L2 centric mobility and inter-cell mTRP and clarify with RAN1 to provide an appropriate response.  
Proposal #2: [Proposed reply for Q6] In order to support measurements on inter-frequency carrier, a measurement gap might be required to support inter-frequency measurement. In addition, the switching delay might need to be accounted for additional time for active TCI state switch delay in case of inter-frequency cell. 
Proposal #3: Clarify with RAN1 the expectation on receiving signals from different cells after the switch (TCI state) to new cell for dedicated channels. 
Timing Assumption for Inter-Cell DL Measurement
Observation #1: SMTC periodicity could be longer than SSB periodicity of non-serving cell to be measured.
Observation #2: Benefit of limiting L1-RSRP measurements of non-serving cell to SMTC would use the existing framework for L3 neighbor cell measurement.
Observation #3: Allowing for measurements of L1-RSRP of non-serving cell outside SMTC would potentially shorten the measurement time, if measurement is made based on SSB periodicity rather than SMTC.
Proposal #4: [Proposed Response to Question 1] The SMTC periodicity could be larger than SSB periodicity of non-serving cell to be measured. The benefit of limiting L1-RSRP measurements of non-serving cell to SMTC would use the existing framework for L3 neighbor cell measurement. On the other hand, allowing for measurements of L1-RSRP of non-serving cell outside SMTC would potentially shorten the measurement time, if measurement is made based on SSB periodicity rather than SMTC.
Proposal #5: [Proposed Response to Question 2] In FR1 TDD and FR2 the intra-frequency neighbor cell is assumed to be synchronous and can derive timing from serving cell. For FR1 FDD the intra-frequency cell could be asynchronous and have different receive timing compared to serving cell.
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1. Overall Description:
RAN4 thanks RAN1 for their enquiry on the topic of Timing Assumption for Inter-Cell DL Measurement and would like to provide the below responses to the questions asked. 
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)? 
[RAN4] The SMTC periodicity could be larger than SSB periodicity of non-serving cell to be measured. The benefit of limiting L1-RSRP measurements of non-serving cell to SMTC would use the existing framework for L3 neighbor cell measurement. On the other hand, allowing for measurements of L1-RSRP of non-serving cell outside SMTC would potentially shorten the measurement time, if measurement is made based on SSB periodicity rather than SMTC

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? 
[RAN4] In FR1 TDD and FR2 the intra-frequency neighbor cell is assumed to be synchronous and can derive timing from serving cell. For FR1 FDD the intra-frequency cell could be asynchronous and have different receive timing compared to serving cell.


2. To RAN WG1 group. 
ACTION: RAN4 requests RAN1 to take the above responses into consideration.

3. Date of Next TSG-RAN WG4 Meetings:
TSG RAN WG4 Meeting #100-e                  August 16 – 27, 2021            	 	 Online



