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1	Introduction
In RAN WG1 #112, RAN1 sent an LS in [1] with agreements regarding the time alignment establishment and the CSI Measurement configuration for LTM, asking RAN2 to taken them into account.
In this contribution, we discuss the RAN2 issues about how to configure and report the L1 measurements for LTM.
[bookmark: _Ref178064866]2	Discussion on L1 measurements for LTM 
According to the RAN1 LS [1], RAN1 has discussed the following configuration options for L1 measurement configurations for SSB till RAN1#112:

· Option 1) Configurations for L1 measurement RS is provided under ServingCellConfig for the serving cells
- is useful to reuses the mechanism for Rel-17 ICBM and necessary information to support inter-frequency measurement will be added there.
· Option 2) Configurations for L1 measurement RS is provided separately from ServingCellConfig for the serving cells and CellGroupConfig for the candidate cells
- is useful to avoid the duplicated configurations for L1 measurement RSs, [and avoid UE to process configurations for L1 measurement RS provided under CellGroupConfig for the candidate cells]
· Option 3) Configurations for L1 measurement RS is provided under CellGroupConfig for the candidate cells
- can achieve the similar benefit as Option 2) by directly referring to the candidate cell configurations. 

The above agreement discusses how to specify the L1 measurement RS, but before we address this question and provide our views on which option should be adopted, we would like to discuss the overall CSI measurement configuration to support LTM, in the light of the RAN1 agreements in the area. RAN1 has agreed that the measurements to support LTM decisions at the S-DU are like the measurements supporting beam management decisions, such as L1-RSRP for configured LTM candidate cell(s) (and not only to serving cells, as in legacy beam management operation). RAN1 has also agreed that the reports are like in beam management, based on Uplink Channel Control Information (UCI), and that both intra-frequency and inter-frequency measurements are supported.

***************************************************************************************************************************

RAN1#112 (Feb 2023)
Agreement
· For L1-RSRP measurement RS configuration
· For SSB based L1-RSRP measurement:
· As a starting point, at least the following information needs to be provided to a UE, e.g.
· For intra- and inter- frequency: PCI or logical ID (e.g., as being defined in R17 ICBM), time domain (e.g. SMTC or periodicity and SSB position in burst) 
· For inter-frequency: frequency domain location (e.g. center frequency), SCS
· FFS: transmission power (for pathloss calculation)
· Note: other parameters included in the configuration can be further discussed
· Including above agreement into the LS
…
RAN1#111 (Nov 2022)
Agreement
· For Rel-18 LTM, L1 inter-frequency measurement is supported from RAN1 point of view.
· …
Agreement 
· For L1 measurement report for Rel-18 L1/L2 mobility, if UE event triggered report for L1 measurement is supported based on further study
…
Agreement
· For candidate cell measurement for Rel-18 LTM, 
· SSB based L1-RSRP is supported for intra-frequency measurement
· SSB based L1-RSRP is supported for inter-frequency measurement from RAN1 point of view
…
Agreement
· For gNB scheduled L1 measurement report for Rel-18 LTM, report as UCI is supported
· [bookmark: _Hlk131582035]Semi-persistent report on PUSCH, and aperiodic report on PUSCH are supported
· FFS: periodic and semi-persistent PUCCH
· In a single report instance, report for serving cell and candidate cell(s) for intra-frequency and/or inter-frequency can be included. 
…
RAN1#110bis-e (Oct 2022)
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.
· …
· Commonality with intra-frequency L3 measurement
· Commonality with L1 inter-frequency measurement for measurement configuration
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:
…
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
***************************************************************************************************************************

2.1	L1 reporting configuration
Considering that RAN1 has agreed on reporting configurations as in beam management/ UCI (semi-persistent report on PUSCH, and aperiodic report on PUSCH), RAN2 should consider that the CSI-ReportConfig is the IE in which CSI reports for LTM are configured. A new IE could be created for that, but most of the configuration would have to be repeated, so we see no strong reason for that (at least not yet). Consequently, the CSI-ReportConfig instance configured for an LTM report is included in the ServingCellConfig of the serving cell in which the UE needs to transmit that CSI report for LTM.
[bookmark: _Toc131757238]CSI reports for LTM candidates are configured by the serving cell in CSI-ReportConfig within the ServingCellConfig since this is the cell in which the report is to be transmitted.
In inter-DU scenarios, a consequence of these RAN1 agreements is that when the CU requests a C-DU to configure an LTM candidate (e.g. cell A in frequency f0), the UE needs to be configure to measure at least the SpCell in the LTM candidate cell configuration i.e., the ServingCellConfig (e.g. for the UE’s current SpCell) needs to be updated to include a CSI-ReportConfig instance within CSI-MeasConfig for reporting that candidate cell, which would require an additional step between the CU and the S-DU.
[bookmark: _Toc131757239]When CU receives the UE context setup/modification in response to a request to add/modify of an LTM candidate cell configuration(s), the CU in turn triggers an UE context codification with the S-DU in order to receive a new reporting configuration(s) for LTM to be included in the UE’s current configuration.

[image: ]
Figure 1. UE context modification is needed to update the UE’s current CSI-MeasConfig to include reporting configuration(s) for LTM

Some companies may be tempted to say that this could be avoided by allowing the CU to configure the reporting configuration for LTM. To keep the existing architecture principles, that would mean a reporting configuration outside CellGroupConfig. However, when we look at the CSI-ReportConfig IE and the agreements in RAN1, it seems the parameters are quite closely tied to the physical layer (which is not surprising), so it would not make sense to let the CU set that without support from the S-DU i.e., at the end, regardless which node configures it, there would need to be some interaction between the S-DU and the CU. Thus, we still believe that because RAN1 has agreed on a reporting configuration relying on UCI, the S-DU is the one configuring it.

2.1	L1 measurement configuration
Now that we discussed how the UE figures out how to report, we need to discuss how the UE figures out what and how to measure, which is what RAN1 calls as configuration of L1 measurement RS. The legacy CSI-ReportConfig IE includes a pointer to one or the serving cells the UE is configured with (in the field ‘carrier’, IE ServCellIndex), in which resource set(s) to be measured are configured (e.g., sets of SSB(s)), and another pointer to the actual resource set configuration within that indicated serving cell (field resourcesForChannelMeasurement, IE CSI-ResourceConfigId). 
[image: ]
Figure 2. Current structure of CSI measurement configuration

If RAN2 would follow a similar design for configuring LTM resources to be measured (and reported according to a given CSI-ReportConfig instance), which is what we believe RAN1 calls ‘RS configuration’, those would need to be within CSI-ReportConfig. In particular, the following information may be needed:
· A pointer to an LTM candidate cell configuration, like the field ‘carrier’
· A pointer to the resource configuration of that LTM candidate cell configuration (like the ‘resourcesForChannelMeasurement pointing to CSI-ResourceConfigId)
· The actual RS configuration for that LTM candidate cell configuration, within the LTM candidate configuration (similar role as a ServingCellConfig in legacy beam management), or outside (but anyway configured by the C-DU of the LTM candidate cell, provided in a container from the C-DU to the CU/ S-DU).
Here is an example of what this configuration may look like:
[image: ]
Figure 3. Example of a possible structure of CSI measurement configuration for LTM.

RAN1 has agreed that the L1 resource does not require an explicit list of SSB(s) per LTM candidate cell and/or configuration(s) of resource set(s), as in legacy beam management and ICBM:
*************************************************************************************************************************** 
RAN1 #112 agreements

Agreement
· For L1-RSRP measurement RS configuration
· For SSB based L1-RSRP measurement: 
· As a starting point, at least the following information needs to be provided to a UE, e.g.
· For intra- and inter- frequency: PCI or logical ID (e.g., as being defined in R17 ICBM), time domain (e.g. SMTC or periodicity and SSB position in burst) 
· For inter-frequency: frequency domain location (e.g. center frequency), SCS
· FFS: transmission power (for pathloss calculation)
· Note: other parameters included in the configuration can be further discussed
· The detailed design of RRC structure is up to RAN2, and send an LS to RAN2 to request to work on the RRC structure design on the measurement configuration. 
***************************************************************************************************************************
What RAN1 indicates that needs to be provided to the UE for performing CSI measurements on LTM candidates (so far) is already provided in each LTM candidate cell configuration. According to what RAN1 has agreed, it seems that there is no need to provide to the UE an explicit list of SSB(s) as resource set configuration(s), which simplifies the resource configuration.
Further, RAN2 has agreed on an RRC model in which each LTM candidate cell configuration corresponds to an RRCReconfiguration message, which includes for the SpCell a ServingCellConfigCommon IE. That ServingCellConfigCommon IE includes for the LTM candidate SpCell the Physical Cell Identity (the PCI), the SMTC and the SSB position in burst.
[bookmark: _Toc131757235]The ServingCellConfigCommon of each LTM candidate cell already includes PCI, time domain (e.g. SMTC or periodicity and SSB position in burst), frequency domain location (e.g. center frequency), and SCS information.
It is thanks to that property that in Conditional Handover (CHO) and other variants, like Conditional PSCell Change (CPC) and conditional PSCell Addition (CPA), the UE obtains the Physical Cell ID (PCI) of cells to be considered applicable for the evaluation of the conditions, which are also the cells the UE needs to measure based on the ServingCellConfigCommon in each CHO candidate configuration, as follows:
***************************************************************************************************************************
[bookmark: _Toc60776797][bookmark: _Toc124712645]5.3.5.13.4	Conditional reconfiguration evaluation
The UE shall:
1>	for each condReconfigId within the VarConditionalReconfig:
2>	if the RRCReconfiguration within condRRCReconfig includes the masterCellGroup including the reconfigurationWithSync:
3>	consider the cell which has a physical cell identity matching the value indicated in the ServingCellConfigCommon included in the reconfigurationWithSync within the masterCellGroup in the received condRRCReconfig to be applicable cell;
***************************************************************************************************************************
Some companies at the time of when CHO was specified proposed optimizations to prevent the UE to look inside the CHO candidate configuration(s) e.g., explicitly providing a PCI outside the CHO candidate cell. For LTM, we expect a similar proposal of optimizations which could be considered later, but as baseline, we could assume a solution similar to CHO, in which the UE determines the LTM candidate cells to measure and the SSB properties (SMTC, SSB positions in burst) from the ServingCellConfigCommon.
[bookmark: _Toc131757240]As baseline, UE can obtain the ‘RS measurement configuration’ for the L1 measurements from the ServingCellConfigCommon of each candidate (i.e., PCI or logical ID, time domain (e.g. SMTC or periodicity and SSB position in burst, frequency domain location (e.g. center frequency), SCS. FFS if there is a need for an explicit configuration(s).
[bookmark: _Toc131757241]As baseline, a CSI-ReportConfig configured for L1 measurement of LTM should include a reference to an LTM candidate configuration. FFS whether there is a need for an explicit configuration(s).
One issue that needs to be further addressed is how CSI measurements for LTM are configured for a sub-sequent LTM cell switch. After the UE receives an LTM cell switch command the UE needs to be ready, without the need to an RRCReconfiguration message from the LTM candidate (which became the serving cell) to re-configure its CSI-MeasConfig. At the moment this is not clear how can be achieved.
[bookmark: _Toc131757242]RAN2 to assume that an RRCReconfiguration message after a subsequent LTM cell switch is not required to reconfigure the CSI-MeasConfig. FFS how this can be achieved.
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3	Conclusion
In the previous sections we made the following observations: 
Observation 1	The ServingCellConfigCommon of each LTM candidate cell already includes PCI, time domain (e.g. SMTC or periodicity and SSB position in burst), frequency domain location (e.g. center frequency), and SCS information.

Based on the discussion in the previous sections we propose the following:
Proposal 1	CSI reports for LTM candidates are configured by the serving cell in CSI-ReportConfig within the ServingCellConfig since this is the cell in which the report is to be transmitted.
Proposal 2	When CU receives the UE context setup/modification in response to a request to add/modify of an LTM candidate cell configuration(s), the CU in turn triggers an UE context codification with the S-DU in order to receive a new reporting configuration(s) for LTM to be included in the UE’s current configuration.
Proposal 3	As baseline, UE can obtain the ‘RS measurement configuration’ for the L1 measurements from the ServingCellConfigCommon of each candidate (i.e., PCI or logical ID, time domain (e.g. SMTC or periodicity and SSB position in burst, frequency domain location (e.g. center frequency), SCS. FFS if there is a need for an explicit configuration(s).
Proposal 4	As baseline, a CSI-ReportConfig configured for L1 measurement of LTM should include a reference to an LTM candidate configuration. FFS whether there is a need for an explicit configuration(s).
Proposal 5	RAN2 to assume that an RRCReconfiguration message after a subsequent LTM cell switch is not required to reconfigure the CSI-MeasConfig. FFS how this can be achieved.

[bookmark: _In-sequence_SDU_delivery]4	References
[bookmark: _Ref174151459][bookmark: _Ref189809556]R1-2302194, “LS on L1 measurement RS configuration and PDCCH ordered RACH for LTM”, source: RAN1
	4/4	
image1.png
Serving DU Neighbour DU cu

Determines to configure L1/L2 inter-
cell mobility

1. UE CONTEXT SETUP REQUEST
(request for configuring L1/L2 inter-cell mobility)

2. UE CONTEXT SETUP RESPONSE (configuration of
L1/1L2 inter-cell mobility candidate(s))

2a. UE CONTEXT MODIFICATION REQUEST

2 b. UE CONTEXT MODIFICATION RESPONSE (reporting configuration
for LTM candidates)

L——— 1

— — — — —

3. DL RRC MESSAGE TRANSFER (including LTM configuration and reporting
canfiguration for LTM)

4. RRC Reconfiguration (LTM and

LTM reporting configuration)

5. RRCReconfigurationComplete

6. UL RRC MESSAGE TRANSFER

CSl report on SSBs of cell(1)

CSl report on SSBs of cell(N1)





image2.png
Serving cell in which the report is to be transmitted

"4
ServingCellConfig
> CSI-MeasConfig
>> CSI-ReportConfig
>>> ServCellindex *
>>> CS|-ResourceConfigld

_ Pointerto the serving cell in which resources
to be measured/ reported are configured

.

Pointer to the resource set configuration
(e.g. sets of SSB(s)) within the serving cell
Indicated by the ServCelllIndex





image3.png
Serving cell in which the LTM report is to be transmitted

d

ServingCellConfig
> CSI-MeasConfig
>> CSlI-ReportConfig /
>>> |ndication of LTM candidate
>>> indication of resource in the

LTM candidate R —

Pointer to the LTM candidate in which resources
to be measured/ reported are configured

Pointer to the resource set configuration
(e.g. sets of SSB(s)) within the LTM candidate
configuration indicated in this CSI-ReportConfig




