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Introduction
The current RAN4 specification still leaves the L1-RSRP measurement reporting delay requirements undefined. The topic was discussed [1] but no agreement was reached in Athens. In last meeting RAN4 discussed the reasoning for these requirements. In this paper we give more reasoning why it is necessary to have delay requirements for L1-RSRP reporting. Additionally, we provide new text proposal how to capture the requirements.
We have also provided a CR which captures the proposals in this paper.

Discussion
[bookmark: _Hlk4525176]L1-RSRP reporting and latencies are important for the network and from system performance point of view, for facilitating timely beam management. L1-RSRP measurements and reporting are parts of the overall beam management frame work.
In Athens meeting we raised a number of necessary clarifications in [1] addressing several [TBD] in the specification related to reporting latencies. Next, we analyse each of these open aspects and propose how these requirements could be defined.

L1-RSRP reporting Latencies
Section 9.5.3 regarding measurement reporting requirements for L1-RSRP, the detailed latencies were left [TBD] since the Spokane meeting. In [1] we discussed the UE requirements related to L1-RSRP measurement for the different reporting types.
The different L1-RSRP reporting types are bound to given BWPs. The L1-RSRP reports are transmitted either because a given become BWP active (periodic) or because reporting is triggered either by MAC or DCI (semi-persistent and aperiodic). 
As discussed in RAN4 in different context, a BWP activation or switch has a certain delay depending on the conditions. Similarly, a MAC command has UE latency before executed and same with a DCI command. 
Whatever, approach is used and configured by the network, it is important for the network to know the expected UE reporting latency from the point when the reporting is triggered (either BWP change, MAC or DCI triggered) and until the UE transmits the report over the air interface. Following we look at the different latencies for reporting type.

Periodic Reporting
The periodic reporting will be initiated once the BWP associated with the reporting configuration is activated. I.e. the expected delay would include following parts:
· BWP activation (DCI triggered or RRC Configured BWP switch)
· L1-RSRP measurement period and processing
In order to enable robust beam management it is important for the network to know the expected latency related to L1-RSRP report transmission over the air interface. Such knowledge will be needed by the network to determine the latency from when a given BWP is activated and until the UE is expected to report the first periodic L1-RSRP report. The L1-RSRP measurement report will be necessary for beam management in the new BWP.
We propose that the delay for the initial periodic reporting of L1-RSRP measurement in an newly activated BWP, is defined from when the UE receives BWP switching request at slot n and until the point when the UE is ready to transmit the initial L1-RSRP measurement report over the air interface.
[bookmark: _Hlk1072376][bookmark: _Hlk5036283]The periodic reporting delay for the initial periodic L1-RSRP measurement report is defined from when the UE receives BWP switching request at slot n and until the point when the UE is ready to transmit the initial L1-RSRP measurement report over the air interface.
The following periodic L1-RSRP measurement reports shall be transmitted on the allocated UL resources according to the periodic reporting UL configuration parameters.
As mentioned, the overall latency of the initial L1-RSRP measurement report transmitted from a newly activated BWP will consist of the latency from performing the BWP switch and the latency from the L1-RSRP measurements once the BWP is switched.
For the BWP activation delay, the requirements being defined in section 8.6 should be re-used. L1-RSRP measurement period will be as will be defined in section 9.5.4, potentially with some additional delay for UE processing, if this is seen necessary. 
The overall UE latency for the initial L1-RSRP measurement report would be expressed as follows:
[bookmark: _Hlk1072462]Treport_delay = TBWPswitchDelay + TBM_Measurement_Period_SSB
For SSB based L1-RSRP measurement report, where:
TBWPswitchDelay is BWP switch delay, in ms, as defined in section 8.6.2 table 8.6.2-1 for DCI initiated BWP switch.
TBM_Measurement_Period_SSB is the L1-RSRP measurement period as defined in table 9.5.4.1-1 (for SSB based L1-RSRP in FR1) and 9.5.4.1-2 (for SSB based L1-RSRP in FR2)
And for CSI-RS based L1-RSRP measurement report:
Treport_delay = TBWPswitchDelay + TBM_Measurement_Period_CSI-RS
Where:
TBWPswitchDelay is BWP switch delay, in ms, as defined in section 8.6.2 table 8.6.2-1 for DCI initiated BWP switch.
TBM_Measurement_Period_CSI-RS is the L1-RSRP measurement period as defined in table 9.5.4.2-1 (for CSI-RS based L1-RSRP in FR1) and 9.5.4.2-2 (for CSI-RS based L1-RSRP in FR2) with M=1.

Based on this discussion the UE measurement reporting delay requirement for periodic L1-RSRP measurement report could be expressed as:
[bookmark: _Hlk5037453]The measurement reporting delay is defined as the time between an event that will trigger a measurement report and the point when the UE starts to transmit the initial measurement report over the air interface. This requirement assumes that the measurement report is not delayed by other PUCCH or PUSCH signaling on the UL. This measurement reporting delay excludes a delay which caused by no UL resources for UE to send the measurement report.
[bookmark: _Hlk5037473]The UE shall be able to transmit periodic L1-RSRP measurement report at every UL resource allocated for the report. The UE shall be able to transmit the initial periodic measurement report at n + TBWPswitchDelay + TBM_Measurement_Period when triggered at n. TBWPswitchDelay is BWP switch delay, in ms, as defined in sections 8.6.2 and 8.6.3. TBM_Measurement_Period is the L1-RSRP measurement period as defined in table 9.5.4.1-1 and 9.5.4.1-2 (for SSB based L1-RSRP), and table 9.5.4.2-1 and 9.5.4.2-2 (for CSI-RS based L1-RSRP) with M=1.

Semi-Persistent Reporting
Semi-persistent L1-RSRP measurement report can be triggered either by a MAC command as described in 38.321 or by DCI. Once the UE receives the trigger the UE shall immediately initiate the measurement reporting and perform the start performing the triggered measurements for reporting. I.e. the delay include following parts:
· Trigger message decoding (DCI or MAC)
· L1-RSRP measurement period and processing
The UE latency requirements for semi-persistent reporting is important for the network to facilitate robust beam management. In Athens meeting it was agreed that the semi-persistent reporting delay for the initial semi-persistent L1-RSRP measurement report is defined from when the UE receives the trigger command at slot n and until the point when the UE is ready to transmit the initial L1-RSRP measurement report over the air interface.
However, the actual delay for when the UE shall be able to transmit the initial measurement report was left open. The time for the UE to process the trigger command (DCI or MAC) would need to be accounted in the delay. For the L1-RSRP measurement period will be as will be defined in section 9.5.4, potentially with some additional delay for UE processing, if this is seen necessary.
The delay could be expressed as follows:
[bookmark: _Hlk1073751]Treport_delay = Ttrigger_Delay + TBM_Measurement_Period_SSB
For SSB based L1-RSRP measurement report, where:
Ttrigger_Delay is the delay, in ms, it takes the UE to process the DCI or MAC command carrying the semi-persistent L1-RSRP measurement report trigger as defined in [38.214] section 5.2.1.5. 
TBM_Measurement_Period_SSB is the L1-RSRP measurement period as defined in table 9.5.4.1-1 (for SSB based L1-RSRP in FR1) and 9.5.4.1-2 (for SSB based L1-RSRP in FR2)
And for CSI-RS based L1-RSRP measurement report:
Treport_delay = Ttrigger_Delay + TBM_Measurement_Period_CSI-RS
Where:
Ttrigger_Delay is the delay, in ms, it takes the UE to process the DCI or MAC command carrying the semi-persistent L1-RSRP measurement report trigger as defined in [38.214] section 5.2.1.5. 
TBM_Measurement_Period_CSI-RS is the L1-RSRP measurement period as defined in table 9.5.4.2-1 (for CSI-RS based L1-RSRP in FR1) and 9.5.4.2-2 (for CSI-RS based L1-RSRP in FR2)

Based on this discussion the UE measurement reporting delay requirement for semi-persistent L1-RSRP measurement report could be expressed as:
[bookmark: _Hlk5037499]The measurement reporting delay is defined as the time between an event that will trigger a measurement report and the point when the UE starts to transmit the initial measurement report over the air interface. This requirement assumes that the measurement report is not delayed by other PUCCH or PUSCH signaling on the UL. This measurement reporting delay excludes a delay which caused by no UL resources for UE to send the measurement report.
[bookmark: _Hlk5037513]The UE shall be able to transmit semi-persistent L1-RSRP measurement report at every UL resource allocated for the report. The UE shall be able to transmit the initial semi-persistent measurement report at n + Ttrigger_Delay + TBM_Measurement_Period when triggered at n. Ttrigger_Delay is delay, in ms, it takes the UE to process the DCI or MAC command. TBM_Measurement_Period is the L1-RSRP measurement period as defined in table 9.5.4.1-1 and 9.5.4.1-2 (for SSB based L1-RSRP), and table 9.5.4.2-1 and 9.5.4.2-2 (for CSI-RS based L1-RSRP) with M=1.

Aperiodic Reporting
For the aperiodic reporting, which can be triggered either by DCI or MAC command, the L1-RSRP measurement reporting delay would be the same as what applies for the semi-persistent L1-RSRP measurement reporting delay.

In [3] we have provided a CR capturing the L1-RSRP measurement reporting delays for periodic, semi-persistent and aperiodic L1-RSRP measurement reports.
Conclusion
In this paper we have addressed a number of open issues in the specification related L1-RSRP. Additionally, we have analysed the reporting delay requirements and provided our input to how the L1-RSRP reporting delay requirements should be specified.
Related to L1-RSRP Measurement reporting delays:
1. The periodic reporting delay for the initial periodic L1-RSRP measurement report is defined from when the UE receives BWP switching request at slot n and until the point when the UE is ready to transmit the initial L1-RSRP measurement report over the air interface.
1. Update 38.133 section to capture the L1-RSRP reporting delays for initial periodic, initial semi-persistent and aperiodic reporting.

In [3] we have provided a CR capturing the discussion and proposals.
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