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Introduction
Under discussion in RAN4 are the details of L1-RSRP measurements in terms of whether the L1-RSRP measurements are averaged or not before reporting, and the potential number of samples, M, assumed used during the L1-RSRP measurement period.
Open in RAN4 are the M values in sections 9.5.4.1 and 9.5.4.2 for FR1 and FR2, and for SSB-based L1-RSRP and CSI-RS based L1-RSRP. M has already been agreed for CSI-RS based L1-RSRP aperiodic reporting.
In this paper we give our views on M for the rest of the open cases. Additionally, we summarize our accuracy simulation results and provide input for the accuracy for SSB-based L1-RSRP.
Discussion
In NR there are multiple ways of configuring L1-RSRP measurement reporting. They can be based on SSB, CSI-RS or both. The CSI-RS can be periodically transmitted, transmitted in a semi-persistent manner or a-periodically. Additionally, NR has defined different reporting schemes as well consisting of periodic reporting, semi-persistent reporting and a-periodic reporting.
These combinations give limitations to how many RS there would be available for the UE for L1-RSRP measurement before it must transmit the measurement report. Next, we discuss each case.

Aperiodic Reporting
Aperiodic report is triggered by DCI or MAC command and has a given delay requirement (which is still under discussion). Aperiodic report can be based on SSB, aperiodic CSI-RS, semi-persistent CSI-RS or periodic CSI-RS. 
Aperiodic CSI-RS
For an aperiodic report based on aperiodic CSI-RS it seems clear that the UE cannot do any L1-RSRP measurement sample averaging. The report will have to be based on one sample – i.e. M=1.
[bookmark: _Hlk1159610]Aperiodic Reporting base on Aperiodic CSI-RS: M=1.

Semi-persistent or periodic CSI-RS or SSB
Even though an aperiodic L1-RSRP measurement report is based on semipersistent CSI-RS or periodic CSI-RS or SSB, the reporting delay should be short. The report should be based on at least one RS sample, but if it is possible for the UE to obtain more RS samples before the report shall be transmitted according to the reporting configuration, the UE may use more than one sample. I.e. the number of samples is limited by the number of RS available between UE receiving the trigger for sending an aperiodic report and until the report shall be transmitted.
Aperiodic Reporting based on semi-persistent or periodic CSI-RS or SSB: M= No more than the number of RS samples available during reporting delay.

Semi-persistent Reporting
Semi-persistent reporting can be based on Semi-persistent CSI-RS or periodic CSI-RS or SSB. A Semi-persistent report is triggered by DCI or MAC command and will have a given delay requirement.
Semi-persistent or periodic CSI-RS or SSB
As the semi-persistent reporting is based on semi-persistent or periodic RS it is important to define which measurement period is used in the UE for two cases: It will impact the reporting delay (for a number of the first reports) and it will impact the latency in beam management. The number of samples additionally impacts the expected measurement accuracy.
However, as the report is semi-persistent and triggered there are always uncertainty to when it is triggered and for how long time the UE must send reports. I.e. the discussion related to how many samples the UE is using has to account the reporting latency impact besides the accuracy.
To make the UE behavior clear for semi-persistent reporting based on either semi-persistent CSI-RS or periodic RS we prefer to M=1.
For semi-persistent reporting based on either semi-persistent CSI-RS or periodic RS we prefer to M=1.
UE is allowed to use more samples for L1-RSRP, if more RS are present for averaging between the semi-persistent measurement reports.
Semi-persistent Reporting based on semi-persistent or periodic CSI-RS or SSB: M= No more than the number of RS samples available during reporting delay.

Periodic Reporting
Periodic reporting can only be based on periodic CSI-RS or SSB and have no dynamic trigger.
Following the same discussion as for semi-persistent reporting, we find it important that the L1-RSRP reports include measurements which give a fast feedback from the related to current RSRP of the configured resources. Low latency is important especially in FR2 and having long latency (i.e. long measurement period) may impact the network ability to perform beam management in a timely manner.
For periodic reporting we prefer to M=1.
UE is allowed to use more samples for L1-RSRP, if more RS are present for averaging between the measurement reports.
Periodic Reporting: M= No more than the number of RS samples available during reporting delay.

Measurement Accuracy
Having discussed the need for having low latency feedback of the L1-RSRP measurement report due to beam management we next look at the measurement accuracy discussion.
As proposed in former section, and in earlier meetings, we propose and prefer to M=1 for aperiodic, semi-persistent and periodic reporting based on any of aperiodic, semi-persistent or periodic RS. If the UE has more samples available between reporting (except of course the aperiodic report based on aperiodic CSI-RS case), the UE is allowed to use available samples (before or between report transmissions) for averaging.
If needed the gNB can perform any necessary averaging depending on the deployment scenario and beam management needs.
Next is which accuracy is achievable based on the agreed simulation assumptions. In [REF] we have an extensive list of results for the L1-RSRP measurement accuracy for different assumptions.
As reference points we look at:
· Samples: 1, 3 and 5
· BW: 25PRBs (SSB), 24 PRBs (CSI-RS), 48PRBs
· D=1 and D=3
· SNR: -6dB
· AWGN
CSI-RS, 24PRBs, D=1
	samples
	SNR [dB]
	5 %
	50 %
	90 %
	95 %
	absolute accuracy

	60KHz        1
	-6
	-1,58
	1,87
	3,93
	4,39
	4,39

	3
	-6
	-1,44
	1,11
	2,61
	3,02
	3,02

	5
	-6
	-1,39
	0,89
	2,15
	2,45
	2,45

	30KHz        1
	-6
	-1,69
	1,86
	3,92
	4,44
	4,44

	3
	-6
	-1,47
	1,14
	2,72
	3,13
	3,13

	5
	-6
	-1,28
	0,88
	2,08
	2,41
	2,41

	15KHz        1
	-6
	-1,74
	1,99
	4,02
	4,47
	4,47

	3
	-6
	-1,5
	1,1
	2,59
	2,94
	2,94

	5
	-6
	-1,14
	0,86
	2,15
	2,53
	2,53



CSI-RS, 24PRBs, D=3
	samples
	SNR [dB]
	5 %
	50 %
	90 %
	95 %
	absolute accuracy

	60KHz        1
	-6
	-3,03
	0,28
	2,33
	2,9
	3,03

	3
	-6
	-2,64
	-0,29
	1,2
	1,56
	2,64

	5
	-6
	-2,28
	-0,46
	0,72
	1,08
	2,28

	30KHz        1
	-6
	-1,52
	1,1
	2,59
	2,93
	2,93

	3
	-6
	-0,88
	0,57
	1,61
	1,87
	1,87

	5
	-6
	-0,73
	0,46
	1,26
	1,48
	1,48

	15KHz        1
	-6
	-1,52
	1,13
	2,64
	3,03
	3,03

	3
	-6
	-0,81
	0,68
	1,67
	1,97
	1,97

	5
	-6
	-0,62
	0,58
	1,45
	1,64
	1,64



CSI-RS, 48PRBs, D=1
	samples
	SNR [dB]
	5 %
	50 %
	90 %
	95 %
	absolute accuracy

	60KHz        1
	-6
	-1,5
	1,39
	3,07
	3,54
	3,54

	3
	-6
	-1,13
	0,8
	2,07
	2,31
	2,31

	5
	-6
	-0,79
	0,66
	1,64
	1,89
	1,89

	30KHz        1
	-6
	-1,77
	1,34
	3,04
	3,54
	3,54

	3
	-6
	-1,05
	0,8
	2,01
	2,28
	2,28

	5
	-6
	-0,89
	0,58
	1,57
	1,86
	1,86

	15KHz        1
	-6
	-1,54
	1,4
	3,06
	3,51
	3,51

	3
	-6
	-1,25
	0,75
	1,96
	2,31
	2,31

	5
	-6
	-0,75
	0,68
	1,66
	1,93
	1,93



CSI-RS, 48PRBs, D=3
	samples
	SNR [dB]
	5 %
	50 %
	90 %
	95 %
	absolute accuracy

	60KHz        1
	-6
	-1,16
	0,76
	1,96
	2,26
	2,26

	3
	-6
	-0,67
	0,44
	1,22
	1,44
	1,44

	5
	-6
	-0,52
	0,34
	0,98
	1,13
	1,13

	30KHz        1
	-6
	-1,07
	0,8
	2,02
	2,31
	2,31

	3
	-6
	-0,67
	0,49
	1,25
	1,47
	1,47

	5
	-6
	-0,51
	0,33
	0,93
	1,11
	1,11

	15KHz        1
	-6
	-0,97
	0,82
	1,94
	2,25
	2,25

	3
	-6
	-0,57
	0,44
	1,21
	1,41
	1,41

	5
	-6
	-0,46
	0,35
	0,97
	1,12
	1,12



SSB, 25PRBs
	samples
	SNR [dB]
	5 %
	50 %
	90 %
	95 %
	absolute accuracy

	30KHz, 40ms 1
	-6
	-1,1
	0,89
	2,12
	2,42
	2,42

	3
	-6
	-0,69
	0,47
	1,3
	1,52
	1,52

	5
	-6
	-0,5
	0,37
	1
	1,14
	1,14

	30KHz, 20ms 1
	-6
	-1,11
	0,84
	2,06
	2,41
	2,41

	3
	-6
	-0,69
	0,51
	1,36
	1,58
	1,58

	5
	-6
	-0,58
	0,38
	1,02
	1,19
	1,19

	15KHz, 40ms 1
	-6
	-1,07
	0,87
	2,09
	2,38
	2,38

	3
	-6
	-0,63
	0,53
	1,35
	1,58
	1,58

	5
	-6
	-0,53
	0,37
	1,04
	1,18
	1,18

	15KHz, 20ms 1
	-6
	-1,22
	0,83
	2,11
	2,45
	2,45

	3
	-6
	-0,64
	0,49
	1,32
	1,52
	1,52

	5
	-6
	-0,47
	0,4
	1,02
	1,22
	1,22



CSI-RS based L1-RSRP measurement accuracy
When looking at the results for CSI-RS we can observe following:
1) Whether D=1 or D=3 have some impact on the accuracy. However, while the difference is largest for 24PRBs, the difference is less than 1.5dB and for 48PRBs the difference is even smaller and around 1.3dB. 
2) The difference between using 1 sample or 5 samples in averaging does not have significant impact on the accuracy. There is of course a difference but when having 24PRBs the difference is less than 2dB for 24dB (assuming 1 sample and D=1) and with 48PRBs the difference is around than 1.5dB (assuming 1 sample and D=1). For D=3 the difference is less under same assumptions: 1.7dB and 1.2dB (24PRBs and 48PRBs).
3) The accuracy does not depend on the used SCS.
Based on the results we see that when using M=1:
· D=1: 
· we can achieve an accuracy of 4.5dB with 24PRBs
· we can achieve an accuracy of 3.5dB with 48PRBs
· D=3:
· we can achieve an accuracy of 3.0dB with 24PRBs
· we can achieve an accuracy of 2.3dB with 48PRBs
These results then need to account UE implementation.
Introduce L1-RSRP accuracy requirements for D=1 and D=3.
Further discussion on assumed CSI-RS BW used for accuracy requirements.

CSI-RS based L1-RSRP measurement accuracy
When Looking at the results for SSB we can observe following:
1) SCS have no impact on the accuracy
2) SSB repetition (SMTC) has no impact on the accuracy
3) Number of samples is the only factor impacting the measurement accuracy
4) The difference between using 1 or 5 samples is about 1.3dB.
Based on the results when using M=1:
· we can achieve an accuracy of 2.5dB with M=1
· we can achieve an accuracy of 1.2dB with M=5
These results then need to account UE implementation. Accounting a UE margin of 2dB we will end up with an accuracy of +-4.5dB which is also what is used e.g. for L3 mobility measurements.
SSB based L1-RSRP accuracy is +-4.5dB.

Conclusion
In this paper we have discussed M for the rest of the open cases. Additionally, we summarized our accuracy simulation results and provided input for the accuracy requirements CSI-RS and for SSB-based L1-RSRP.
Regarding number of samples, M:
1. Aperiodic Reporting base on Aperiodic CSI-RS: M=1.
1. Aperiodic Reporting based on semi-persistent or periodic CSI-RS or SSB: M= No more than the number of RS samples available during reporting delay.
1. For semi-persistent reporting based on either semi-persistent CSI-RS or periodic RS we prefer to M=1.
1. Semi-persistent Reporting based on semi-persistent or periodic CSI-RS or SSB: M= No more than the number of RS samples available during reporting delay.
1. For periodic reporting we prefer to M=1.
1. Periodic Reporting: M= No more than the number of RS samples available during reporting delay.
Regarding measurement accuracy of L1-RSRP:
1. Introduce L1-RSRP accuracy requirements for D=1 and D=3.
1. Further discussion on assumed CSI-RS BW used for accuracy requirements.
1. SSB based L1-RSRP accuracy is +-4.5dB.
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