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[bookmark: _Ref488331639]Introduction
[bookmark: _Ref178064866]For LTM, the UE performs L1 measurements on the configured candidate cell(s) and then transmits L1 measurement reports to the gNB. In the latest R1 agreements, the contents for L1 measurement report were agreed, which can refer to LS [R2-2309414].
This paper discusses an L2 mechanism for the purpose of L1 measurement report to enable the decision of cell switch.

Discussion
L1 measurement report via MAC CE
As summarized in the LS (R223-09414), on the reporting for LTM, RAN1 concluded the following:

Agreement (RAN1#112bis)
For the beam selection for SSB based L1-RSRP measurement report,
1. Beam selection is performed across the L cells from configured (or activated, if introduced) cells, i.e. M beams for each of the L cells 
0. FFS: How to select the L cells and M beams per cells is up to UE
1. M x L beams are reported in a single report instance
1. Max values of M and L are based on UE capability, and at least M x L=4 is supported as a UE capability, other UE capabilities are FFS 
0. FFS if UE is allowed to report less than M x L beams 
1. The values of M and L are configured to the UE in the reporting configuration 
1. FFS: The following configurability is introduced in the report configuration
2. 1) Whether serving cell is always selected in the L cell selection performed by the UE, and applicable when a UE is configured with L>=2
2. 2) at least one of the inter-frequency cells is always selected in the L cell selection performed by the UE, and applicable when a UE is configured with L>=2 and at least one cell in inter-frequency 

Working Assumption (RAN1#113)
For the beam selection for SSB based L1-RSRP measurement report,
1. For the value of M, L 
3. the RRC configured candidate values are: 
0. M = 1, 2, 3, 4
0. L = [1], 2, 3, 4
3. Note: the maximum value of M*L and combination of M and L is up to UE capability

Conclusion (RAN1#113)
For the beam selection for SSB based L1-RSRP measurement report, except SpCell is configured to be included, 
1. the selection of cells for the L1 measurement report is up to UE implementation.
1. the selection of beams per cell for the L1 measurement report is the same as legacy behaviour.


According to RAN1’s agreement in RAN1#112bis meeting, M x L beams are reported in a single report instance. The UE reports beams of L cells from configured cells with M beams for each of the L cells. According to the conclusion from RAN1#113, how to select the L cells is up to UE.
As can be seen, in order to support the LTM based cell switch, one single L1 measurement report instance carries more information than the content of the traditional L1 measurement, since LTM based L1 measurement involves several candidate target cells for LTM. 
Even though by default, physical layer may take the PUCCH based CSI report for such L1 measurement report for LTM, however, this would be a very heavy CSI measurement. And then we think RAN2 should discuss the possibility to adopt CSI based MAC CE (i.e., L2 based approach) over the air interface. Actually in Rel-16, the similar CSI report over sidelink was specified in TS38.321, and the Sidelink CSI information including CQI and RI is Reported by MAC CE from the Rx UE to the Tx UE. This means the MAC CE based CSI reporting does not introduce a big latency issue for the CSI reporting. However, using RRC based L1 measurement report may require the network to further decode the ASN.1 encoding and cause unnecessary latency. Hence, we think using MAC CE to send L1 measurement report from the UE to the network should be the best option for LTM.   

Proposal-1: A new MAC CE is used to carry the L1 measurement report (i.e., CSI report) for LTM based cell switch.

RAN1 agreed to take beam level SSB-based L1 measurement report in order to support the beam selection. In the RAN1 latest agreements, the content of L1 measurement report is agreed as below for each beam:
	CSI report number
	CSI fields

	CSI report #n
	SSBRI #1 as in Table 6.3.1.1.2-6, if reported

	
	SSBRI #2 as in Table 6.3.1.1.2-6, if reported

	
	:

	
	SSBRI #L*M as in Table 6.3.1.1.2-6, if reported

	
	RSRP #1 as in Table 6.3.1.1.2-6, if reported

	
	Differential RSRP #2 as in Table 6.3.1.1.2-6, if reported

	
	:

	
	Differential RSRP #L*M as in Table 6.3.1.1.2-6, if reported



Following the RAN1 agreement, for each serving cell or candidate cell, the UE may provide the following information within each L1 measurement report:   
· RSRP: The L1 measurement quantity for each beam. For the measurement result, the reported L1-RSRP value can be defined by a 7-bit value.
· Differential RSRP: The differential L1 measurement quantity for each beam. For differential L1-RSRP based reporting, it can be defined with a 7-bit value and additionally the differential L1-RSRP of 4-bit values.
· SSBRI: The Resource Index, and this field contains an index of SSB (or CSI-RS) resource set configured for L1 mobility measurement reporting.
With above background, the new MAC CE can include RSRP, Differential RSRP, and SSB Resource Index for each beam, and M x L beams should be supported in the field definition for that MAC CE. The detailed MAC CE format can be discussed later on.   


Proposal-2: the new MAC CE can include RSRP, Differential RSRP, and SSB Resource Index for each beam, and M x L beams should be supported in the field definition for that MAC CE.

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-3: 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: A new MAC CE is used to carry the L1 measurement report (i.e., CSI report) for LTM based cell switch.
Proposal-2: the new MAC CE can include RSRP, Differential RSRP, and SSB Resource Index for each beam, and M x L beams should be supported in the field definition for that MAC CE.
Proposal-3: 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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