[bookmark: OLE_LINK10][bookmark: OLE_LINK11][bookmark: OLE_LINK16][bookmark: OLE_LINK17]3GPP TSG-RAN WG2 Meeting #121bis-e	R2-2302484
Online Meeting, April 17- 26, 2023

Agenda Item:	7.4.2.1
Source:	NEC
Title:	L1 measurement to support LTM
Document for:	Discussion, Decision

[bookmark: _Ref488331639]Introduction
[bookmark: _Ref178064866]In RAN2#120, RAN2 agreed the high level signalling procedure for LTM. Meanwhile the MAC CE based approach was agreed for the triggering of the cell switch.   
Agreement @RAN2#120:
1. The MAC CE agreed to carry LTM related information for cell switch is used for LTM triggering of the cell switch.
2. LTM cell switch is supervised by a timer
3. UE arrival in the target cell need to be indicated (somehow).
This paper further discusses the detailed L1 measurement report to enable the decision of cell switch, following the corresponding RAN1 agreement.
Discussion
L1 measurement configuration 
According to the LS (in R1-2302194) on LTM, RAN1 agreed the SSB based L1-RSRP measurement to support the LTM operation. The configuration for such L1 measurement may include the cell identity (PCI or logical ID), frequency domain location for the measurement and time domain location for the measurement (e.g. the SMTC or periodicity and SSB position in burst). However, the detailed design of RRC structure to deliver the L1 measurement configuration to the UE is up to RAN2, as indicated in the LS. 
As supported by legacy L3 handover, a set of target cells may be configured by the serving cell, and a different set of target cells may be configured when the serving cell is changed. A practical example is that when the UE moves, a different cell may serve the UE and then the potential handover target cell set is subject to the update. L1 measurement configuration may take the same manner, which means the L1 measurement configuration can be bound with the serving cell configuration. However, from candidate LTM cell perspective, there may have its specific L1 measurement configuration. If the current serving cell is supposed to deliver the candidate LTM cell’s specific L1 measurement configuration to the UE within the candidate LTM cell configuration, it would be better bind such L1 measurement configuration with RRCReconfiguration specific to the candidate LTM cell configuration. It is assumed different candidate LTM cell may provide a bit different parameter to enable L1 measurement configuration even though the measured object (e.g. inter-frequency) may be the same, for example, different cell may configure different SMTC to support the L1 measurement towards one particular frequency for the same UE.
Proposal-1: L1 measurement configuration is provided independently for each candidate LTM cells to the UE within its corresponding RRCReconfiguration.  


L1 measurement event 
In legacy system, the L3 based handover are based on the L3 measurement report, which is governed by L3 measurement event configured from the network to the UE. In TS38.331, six L3 measurement events have been specified for A series as follows, where either absolute threshold or offset value is introduced:
· Event A1: Serving becomes better than absolute threshold;
· Event A2: Serving becomes worse than absolute threshold;
· Event A3: Neighbor becomes amount of offset better than PCell/PSCell;
· Event A4: Neighbor becomes better than absolute threshold;
· Event A5: PCell/PSCell becomes worse than absolute threshold1 and neighbor/Scell becomes better than another absolute threshold2;
· Event A6: Neighbor becomes amount of offset better than SCell.
The framework for event-driven measurement reporting at L3 runs in a complicated way. The introduction of Time-To-Trigger (TTT), Hysteresis, and entering and leaving conditions for L3 measurement event is used to observe the measurement result for a duration. These parameters serve also for the purpose of averaging the measurement result. This framework may be not suitable to L1 measurement report, since LTM based cell switch requires quick response. Using the same measurement report framework as L3 measurement report may introduce unnecessary delay for enabling LTM based cell switch. For example, in order to reduce the complexity, we may take a reduced number of measurement event types and simplify the event trigger. 
    
Proposal-2: RAN2 to discuss the framework of L1 measurement report for LTM based cell switch (including the applicability of legacy measurement events).

As specified by RAN1, when the measurement on a particular SSB/CSI-RS resource is configured, the UE report of such L1 measurement can be sent over PUCCH or PUSCH in legacy system. The L1 measurement report can be triggered by either an activation command or DCI. 
When considering to support the L1 measurement report for LTM based cell switch, the abovementioned measurement event based report if agreed should be harmonized with the current existing L1 measurement report triggers. 

Proposal-3: The new measurement events to support L1 measurement report for LTM based cell switch should be harmonized with the current existing L1 measurement report triggers.

L1 measurement report via MAC CE
In order to support the LTM based cell switch, L1 measurement report may carry more information than the content of the traditional L1 measurement, since LTM based L1 measurement involves a lot of candidate target cells for LTM. Meanwhile, using RRC based measurement report may require the network to further decode the ASN.1 encoding. Then we think using MAC CE to send L1 measurement report from the UE to the network should be the best option.       
For each serving cell or candidate cell, the UE may provide the following information within each L1 measurement report:   
· Measurement quantity such as L1-RSRP or L1-SINR for each cell
· Serving Cell ID and/or candidate Cell ID: This field indicates the identity of the serving cell or candidate cell for which the measurement result applies. (The length of the field is 5 bits for each Cell ID);
· SSB(/CSI-RS) resource set ID: This field contains an index of SSB (or CSI-RS) resource set configured for L1 mobility measurement reporting. (The length of the field is 6 bits);
· Indicate if each result is for cell level or beam level if both filtering types are present
· Indicate the number of reported beams, if the measurement results are for beam level
For the measurement result for each cell, the reported L1-RSRP value can be defined by a 7-bit value. If differential L1-RSRP based reporting is used, it can be defined with a 7-bit value and additionally the differential L1-RSRP of 4-bit values.
Proposal-4: A new MAC CE is used to carry the L1 measurement report for LTM based cell switch.

Resource configuration for L1 measurement report 
Following the discussion of MAC CE based L1 measurement report, this section further discusses the resource configuration and the detailed procedure for such report. 
If we follow the legacy handling for SR PUCCH resource configuration, we think that from the UE perspective, the following steps can be used for the uplink L1 measurement report transmission:  
Step 1: As legacy system, SR PUCCH resources are allocated and configured to the UE
Step 2: UE sends an initial indication for L1 measurement report when the measurement event is triggered. 
Step 3: Upon receiving the initial indication, gNB schedule dynamic PUSCH resource for the UE to send the uplink L1 measurement report

In legacy system, SR PUCCH resources are allocated and configured to the UE. Just as for other legacy MAC CE, when there is L1 measurement report (carried by MAC CE) waiting for transmission, the following legacy procedure will be activated:
1)if there is PUSCH resource      
2) L1 measurement report MAC CE will be transmitted in PUSCH
1)If there is no PUSCH resource available
2) SR will be triggered 
3) if there is PUCCH for SR transmission and UE is in sync, SR will be transmitted over PUCCH 
3) otherwise, random access will be triggered 

However, from resource configuration perspective, we think that, other than the SR PUCCH resources, the dedicated periodic PUCCH resources for L1 measurement report can be allocated and configured to the UE, in order to allow the network to know that it is a L1 measurement report immediately when the network receive the SR, which helps the network speed up its scheduling to fetch the L1 measurement report from the UE. On top of existing PUCCH resources allocated to SR, a new set of PUCCH resources is allocated by the network (e.g. via RRC configuration to the UE). 
When there is a L1 measurement report available, the UE can send a L1 measurement report indication (e.g., one bit based indication ) over one of these PUCCH resources in a given transmission occasion. Then the network can schedule the appropriate resources to UE when receiving this L1 measurement report indication from the UE over these dedicated PUCCH resources. 

Proposal-5: RAN2 to discuss if dedicated PUCCH resources can be configured to the UE for indicating the availability of L1 measurement report for LTM based cell switch.

Conclusion and Proposal
We have the following proposals:
Proposal-1: L1 measurement configuration is provided independently for each candidate LTM cells to the UE within its corresponding RRCReconfiguration.
Proposal-2: RAN2 to discuss the framework of L1 measurement report for LTM based cell switch (including the applicability of legacy measurement events).
Proposal-3: The new measurement events to support L1 measurement report for LTM based cell switch should be harmonized with the current existing L1 measurement report triggers.
Proposal-4: A new MAC CE is used to carry the L1 measurement report for LTM based cell switch.
Proposal-5: RAN2 to discuss if dedicated PUCCH resources can be configured to the UE for indicating the availability of L1 measurement report for LTM based cell switch.
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