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[bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
RAN4 has received an LS from RAN1 on TCI state updates for L1/L2 centric inter-cell mobility [1]. In the LS, there are two questions directed to RAN4:1. Overall Description:
[...]
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? 

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.

ACTION: 	[...] It is also noted that questions 5 and 6 (related to frequency band and CA) can also benefit from additional answers from RAN4. 


In this contribution we are providing our view pertaining to those two questions, and are proposing a Reply LS.
Discussion
The LS contains the following two questions to RAN4, which are addressed below:
[bookmark: _Toc5952573]First question (Question 5) to RAN4 concerns whether there from RAN4 perspective are added complications if supporting inter-band CA scenarios in addition to intra-band CA scenarios. For this question, we assume that measurements are intra-frequency measurements, i.e. carried out on the component carriers.

Second question (Question 6) to RAN4 concerns the impact from RAN4 point of view by supporting inter-frequency scenarios in addition to intra-frequency scenarios.

First question

Measured quantities and reporting has been discussed in RAN1 and communicated in a companion LS [2]:
[...]
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
[...]

Measurements on non-serving cell of other signals in addition to SSB have been discussed in RAN1 as captured in the current LS [1]:

[...]
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
[...]

Observation 1: 	L1-RSRP is to be used as reporting quantity for measurement for L1/L2-centric inter-cell mobility, and at least SS-RSRP is to be supported. 

Existing requirements on L1-RSRP measurements for reporting (TS 38.133 clause 9.5) cover L1-RSRP measurements on serving cell only. When extending the functionality to also include an intra-frequency neighbor cell with potentially overlapping reference signals, it may be necessary to secure that UE has capability of processing L1-RSRP measurements for serving and non-serving cells simultaneously, as further scaling of measurement periods potentially will have a negative impact on the TCI state handling and therefore on the system performance.

Observation 2:	Existing L1-RSRP requirements assume serving cell measurement only. When adding non-serving measurements, increased capability to measure serving and non-serving cells simultaneously may be needed in order to prevent degraded TCI state handling due to increased measurement period.

Observation 3: 	There is no significant difference between supporting intra-frequency measurements for L1/L2-centric inter-cell mobility for intra-band CA and inter-band CA scenarios, respectively.

Proposal 1: 	RAN4 replies to Question 5 as follows. From RAN4 perspective, there is no significant difference between measurements on intra-frequency non-serving cell in intra-band and inter-band CA scenarios.

Second question

Existing requirements on inter-frequency measurements for L3 reporting (TS 38.133 clause 9.3) are specified both for UE needing measurement gap, and UE being capable of carrying out such measurements without gaps. The most common from UEs in the field is that they need measurement gaps. In either case, the assumption is that UE carries out inter-frequency measurements on one inter-frequency carrier at a time, whereby the measurement period for an inter-frequency carrier becomes scaled by the number of measurement objects that compete for the same resources. This is managed by a so called carrier specific scaling factor, CSSF (TS 38.133 clause 9.1.5). 

Currently there are no inter-frequency measurements defined for L1 reporting, hence new requirements and conditions need to be defined.

Principles for resource sharing between L3 and L1 measurements may need to be revisited when extending the concept to inter-frequency measurements, since in the legacy from intra-frequency measurements in gaps (e.g. when concerned signals are systematically colliding with measurement gaps), L3 and L1 measurements would be competing even if they targeted the same signal for the same cell. It is desirable that a UE carrying out both L3 and L1 measurements on e.g. SSB could carry out measurements for both simultaneously and not requiring two separate gaps for that measurement, since too long measurement periods potentially will have a negative impact on the TCI state handling and therefore on the system performance.

Observation 4: 	Current inter-frequency measurements are based on that inter-frequency carriers are measured one-by-one. This may lead to significantly longer measurement periods for L1-RSRP measured on inter-frequency carriers than for the same measured on intra-frequency carriers, which may have a negative impact on the TCI state handling. Increased capability e.g. by carrying out L1 and L3 simultaneously, when configured, may be considered in order to reduce the measurement period. 

Proposal 2: 	RAN4 replies to Question 6 as follows. From RAN4 perspective, the main difference is with respect to measurement period for measurements on intra- and inter-frequency carriers. Regardless of whether gaps are used, inter-frequency measurements are based on that carriers are measured one-by-one. This may result in a significantly longer measurement period for inter-frequency than for intra-frequency measurements and thus may impose challenges for the TCI state handling.
Proposal 3: RAN4 provides further input as follows. RAN4 would further like to add that if increase in measurement effort (e.g. from serving cell measurement only, to serving cell and intra-frequency non-serving cell measurements, or from inter-frequency L3 measurements to inter-frequency L1 and L3 measurements) goes unmatched with increase in UE capacity for such measurements, the measurement periods may have to be extended. Further extending the measurement periods compared to baseline may have a negative impact on the TCI state handling.

Summary and Conclusion
In this contribution we have provided our view on the two questions raised by RAN1 towards RAN4. The following observations are made:
Observation 1: 	L1-RSRP is to be used as reporting quantity for measurement for L1/L2-centric inter-cell mobility, and at least SS-RSRP is to be supported. 
Observation 2:	Existing L1-RSRP requirements assume serving cell measurement only. When adding non-serving measurements, increased capability to measure serving and non-serving cells simultaneously may be needed in order to prevent degraded TCI state handling due to increased measurement period.
Observation 3: 	There is no significant difference between supporting intra-frequency measurements for L1/L2-centric inter-cell mobility for intra-band CA and inter-band CA scenarios, respectively.
Observation 4: 	Current inter-frequency measurements are based on that inter-frequency carriers are measured one-by-one. This may lead to significantly longer measurement periods for L1-RSRP measured on inter-frequency carriers than for the same measured on intra-frequency carriers, which may have a negative impact on the TCI state handling. Increased capability e.g. by carrying out L1 and L3 simultaneously, when configured, may be considered in order to reduce the measurement period. 
Based on the observations, we make the following proposals:
Proposal 1: 	RAN4 replies to Question 5 as follows. From RAN4 perspective, there is no significant difference between measurements on intra-frequency non-serving cell in intra-band and inter-band CA scenarios.
Proposal 2: 	RAN4 replies to Question 6 as follows. From RAN4 perspective, the main difference is with respect to measurement period for measurements on intra- and inter-frequency carriers. Regardless of whether gaps are used, inter-frequency measurements are based on that carriers are measured one-by-one. This may result in a significantly longer measurement period for inter-frequency than for intra-frequency measurements and thus may impose challenges for the TCI state handling.
Proposal 3: RAN4 provides further input as follows. RAN4 would further like to add that if increase in measurement effort (e.g. from serving cell measurement only, to serving cell and intra-frequency non-serving cell measurements, or from inter-frequency L3 measurements to inter-frequency L1 and L3 measurements) goes unmatched with increase in UE capacity for such measurements, the measurement periods may have to be extended. Further extending the measurement periods compared to baseline may have a negative impact on the TCI state handling.

A draft Reply LS is provided in the Appendix.
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1. Overall Description: 
RAN4 has discussed the two questions directed towards RAN4, with outcome as captured below.
	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.
2. Are there specific RAN2/4 issues (including higher-layer impact) that need to be considered for deciding  between the two alternatives?


· There is no significant difference between measurements on intra-frequency non-serving cell in intra-band and inter-band CA scenarios.
	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.


· The main difference is with respect to measurement period for measurements on intra- and inter-frequency carriers. Regardless of whether gaps are used, inter-frequency measurements are based on that carriers are measured one-by-one. This may result in a significantly longer measurement period for inter-frequency than for intra-frequency measurements and thus may impose challenges for the TCI state handling.
RAN4 would further like to add that if increase in measurement effort (e.g. from serving cell measurement only, to serving cell and intra-frequency non-serving cell measurements, or from inter-frequency L3 measurements to inter-frequency L1 and L3 measurements) goes unmatched with increase in UE capacity for such measurements, the measurement periods may have to be extended. Further extending the measurement periods compared to baseline may have a negative impact on the TCI state handling.

2. Actions:
To RAN WG1 group.
ACTION: 	RAN4 kindly asks RAN1 to take the above information into account in the further specification work.

3. References:

4. Date of Next TSG-RAN WG4 Meetings:
TSG RAN WG4 Meeting #99-e		May 19 – 27, 2021				Electronic Meeting
TSG RAN WG4 Meeting #100-e		TBD, 2021						Electronic Meeting
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