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1 Introduction
In RAN4 meeting #72bis, the issues on how to specify the RSRP/RSRQ accuracy requirements had been widely discussed. Although some agreements had been achieved, more details should still be considered. In this paper, we further discuss on how to specify the RSRP/RSRQ accuracy requirements.
2 Discussion
2.1 Results treatment 
In last RAN4 meeting, methodology on calculating additional margin for absolute accuracy requirements in high Doppler conditions had been agreed as follows[1]:

    For absolute accuracy the additional margin over AWGN requirement is considered based on company average results of:

Mabsolute, fading, average – Mabsolute, AWGN,average where Mabsolute is derived from individual company results by Mabsolute=max(abs(CDF_value at 95th percentile) ,abs( CDF value at 5th percentile))

As it is agreed to calculate the additional margin over AWGN requirements for the absolute accuracy, the relative accuracy requirements also can be specified by adding an additional margin over AWGN requirements.

Proposal 1: Specify the RSRP/RSRQ accuracy requirements under high Doppler conditions by adding an additional margin in high Doppler conditions vs. in AWGN conditions to the AWGN requirements.
In previous meetings, simulation results of RSRP/RSRQ measurements for both single cell and two cells scenarios had been provided by several companies. For the simulation assumptions for two cells, only two cases for target cell of Es/Iot = -6dB and one case for target cell of lowest Es/Iot = -3dB is considered. For the simulation results, not all companies have provided the results for two cells with both colliding and non-colliding CRS scenarios.

Observation 1: For the two cells simulation results, the interference profile coverage of current test cases is limited.

Based on this observation, we propose:

Proposal 2: Specify accuracy requirement in high Doppler conditions based on the simulation results of single cell.

2.2 RSRP/RSRQ absolute accuracy
Table 1 provides our simulation results of single cell[2] RSRP/RSRQ absolute measurements, 2 cells simulation results [3] are also provided in Table 2 as a reference. In the tables, the additional margin for each channel condition are calculated by Mabsolute, fading, average – Mabsolute, AWGN,average where Mabsolute is derived by Mabsolute=max(abs(CDF_value at 95th percentile) ,abs( CDF value at 5th percentile)).
Table 1 Simulation results for single cell (absolute accuracy)
	Propagation

condition
	Ês/Noc 
	RSRP Absolute accuracy 5%-tile
	RSRP Absolute accuracy 95%-tile
	Additional margin over AWGN
	RSRQ Absolute accuracy 5%-tile
	RSRQ Absolute accuracy 95%-tile
	Additional margin over AWGN

	AWGN
	-6dB
	-0.05
	1.47
	-
	-0.03
	1.45
	-

	
	-3dB
	-0.24
	0.86
	-
	-0.22
	0.83
	-

	EVA300
	-6dB
	-0.07
	2.07
	0.6
	-0.17
	1.61
	0.16

	
	-3dB
	-0.64
	1.71
	0.85
	-0.74
	0.9
	0.07

	EVA600
	-6dB
	-0. 09
	1.9
	0.43
	-0.11
	1.57
	0.12

	
	-3dB
	-0.54
	1.5
	0.64
	-0.61
	0.86
	0.03

	HST
	-6dB
	-0.14
	1.42
	-0.05
	-0.11
	1.44
	-0.01

	
	-3dB
	-0.54
	0.81
	-0.05
	-0.51
	0.79
	-0.04


Table 2 Simulation results for two cells (absolute accuracy)
	Propagation

condition
	(Ês/Noc , Es/Iot)
	RSRP Absolute accuracy 5%-tile
	RSRP Absolute accuracy 95%-tile
	Additional margin over AWGN
	RSRQ Absolute accuracy 5%-tile
	RSRQ Absolute accuracy 5%-tile
	Additional margin over AWGN

	AWGN
	Cell1: (6dB,2.5dB)
Cell2: 

(1dB,-6dB)
	-0.16
	1.5
	-
	-0.13
	1.43
	-

	
	Cell1:

(-4.7dB,-6dB)
Cell2:

(-4.7dB,-6dB)
	-0.01
	1.46
	-
	-0.02
	1.43
	-

	
	Cell1: 

(0dB, -3dB)
Cell2: 

(0dB, -3dB)
	-0.25
	0.81
	-
	-0.23
	0.8
	-

	EVA300
	Cell1: (6dB,2.5dB)
Cell2: 

(1dB,-6dB)
	-0.45
	2.38
	0.88
	-0.2
	1.48
	0.05

	
	Cell1:

(-4.7dB,-6dB)
Cell2:

(-4.7dB,-6dB)
	-0.23
	2.2
	0.76
	-0.27
	1.43
	0

	
	Cell1: 

(0dB, -3dB)
Cell2: 

(0dB, -3dB)
	-0.77
	1.78
	0.28
	-0.74
	0.65
	-0.15

	EVA600
	Cell1: (6dB,2.5dB)
Cell2: 

(1dB,-6dB)
	-0.29
	2.34
	0.84
	-0.15
	1.6
	0.17

	
	Cell1:

(-4.7dB,-6dB)
Cell2:

(-4.7dB,-6dB)
	-0. 29
	2.04
	0.58
	-0.27
	1.43
	0

	
	Cell1: 

(0dB, -3dB)
Cell2: 

(0dB, -3dB)
	-0.74
	1.59
	0.78
	-0.65
	0.71
	-0.09

	HST
	Cell1: (6dB,2.5dB)
Cell2: 

(1dB,-6dB)
	-0.35
	1.42
	-0.08
	-0. 32
	1.36
	-0.06

	
	Cell1:

(-4.7dB,-6dB)
Cell2:

(-4.7dB,-6dB)
	-0. 18
	1.42
	-0.04
	-0.18
	1.4
	-0.03

	
	Cell1: 

(0dB, -3dB)
Cell2: 

(0dB, -3dB)
	-0.8
	0.76
	-0.05
	-0.75
	0.73
	-0.07


It can be seen from the simulation results that for absolute RSRP and RSRQ accuracy, similar additional margin over AWGN channel can be derived for single cell results and two cells’ results. 
Proposal 3: For RSRP absolute measurement accuracy, 1dB additional margin compared to AWGN channel should be defined.
Proposal 4: For RSRQ absolute measurement accuracy, the AWGN requirements should be reused.
2.3 RSRP/RSRQ relative accuracy
The relative RSRP and RSRQ accuracy metrics can be derived based on the simulation CDFs of absolute delta RSRP and RSRQ. Note that in general, the distribution for the difference of two variables is different from the distribution of any one of the two variables. So if the relative accuracy metrics calculated by (CDF_value at 95th percentile – CDF value at 5th percentile) with ‘measurement samples from the target cell with lowest Es/Iot subtracted from themselves [4]’, 90% samples coverage may not be ensured. In order to make sure “Reported measurements shall be within defined range of accuracy limits defined in Clause 9 for at least 90 % of the reported cases” [5], an extra margin should be considered associate to(CDF_value at 95th percentile – CDF value at 5th percentile) of absolute delta RSRP/RSRQ. The relative RSRP and RSRQ accuracy metrics can be calculated by
Arelative = Mrelative +Mrelax                                    (1)
where Mrelative= abs(CDF value at 95th percentile – CDF value at 5th percentile), where CDF values at 95th percentile and 5th percentile in (1) are picked up on the CDF of absolute delta RSRP/RSRQ of target cell with lowest Es/Iot. Mrelax is a relaxation margin. 
Note that the span of the cumulated distribution of absolute delta RSRP/RSRQ is larger in fading channels than in AWGN channel, so the extra margin should be larger for fading channels than for AWGN channel. 
Based on the above analysis, for relative accuracy, the additional margin over AWGN requirement can be considered based on the results of Mrelative_fading – Mrelative_awgn + M relax,difference, where Mrelative is derived from simulation results by Mrelative  = abs(CDF value at 95th percentile – CDF value at 5th percentile), and M relax,differnce is the difference of the relaxation margins for fading channel and AWGN channel.
Table 3 provides the Mrelative, calculated based on our simulation results of single cell, Mrelative, calculated with 2 cells simulation results are also provided in Table 4 as a reference.

With the consideration of these data, we have following proposals:
Proposal 5: For RSRP relative measurement accuracy, 1.2dB additional margin for Es/Iot=-6dB and 1.5dB for Es/Iot=-3dB should be considered.
Proposal 6: For RSRQ relative measurement accuracy, 0.5dB additional margin for Es/Iot=-6dB and 0.8dB for Es/Iot=-3dB should be considered.
Table 3 Simulation results for single cell (relative accuracy)
	Propagation

condition
	Ês/Noc 
	Mrelative,RSRP
	Difference vs. AWGN
	Mrelative,RSRQ
	Difference vs. AWGN

	AWGN
	-6dB
	1.52
	-
	1.48
	-

	
	-3dB
	1.1
	-
	1.05
	-

	EVA300
	-6dB
	2.14
	0.62
	1.78
	0.3

	
	-3dB
	2.35
	1.25
	1.64
	0.59

	EVA600
	-6dB
	1.99
	0.47
	1.68
	0.2

	
	-3dB
	2.04
	0.96
	1.47
	0.42

	HST
	-6dB
	1.56
	0.04
	1.55
	0.07

	
	-3dB
	1.35
	0.25
	1.3
	0.25


Table 4 Simulation results for two cells (relative accuracy)
	Propagation

condition
	(Ês/Noc , Es/Iot)
	Mrelative,RSRP
	Difference vs. AWGN
	Mrelative,RSRQ
	Difference vs. AWGN

	AWGN
	Cell1: (6dB,2.5dB)
Cell2: 

(1dB,-6dB)
	1.66
	-
	1.56
	-

	
	Cell1:

(-4.7dB,-6dB)
Cell2:

(-4.7dB,-6dB)
	1.47
	-
	1.45
	-

	
	Cell1: 

(0dB, -3dB)
Cell2: 

(0dB, -3dB)
	1.06
	-
	1.03
	-

	EVA300
	Cell1: (6dB,2.5dB)
Cell2: 

(1dB,-6dB)
	2.83
	1.17
	1.68
	0.12

	
	Cell1:

(-4.7dB,-6dB)
Cell2:

(-4.7dB,-6dB)
	2.43
	0.97
	1.7
	0.25

	
	Cell1: 

(0dB, -3dB)
Cell2: 

(0dB, -3dB)
	2.55
	1.49
	1.39
	0.36

	EVA600
	Cell1: (6dB,2.5dB)
Cell2: 

(1dB,-6dB)
	2.63
	0.97
	1.75
	0.19

	
	Cell1:

(-4.7dB,-6dB)
Cell2:

(-4.7dB,-6dB)
	2.33
	0.86
	1.7
	0.25

	
	Cell1: 

(0dB, -3dB)
Cell2: 

(0dB, -3dB)
	2.33
	1.27
	1.36
	0.33

	HST
	Cell1: (6dB,2.5dB)
Cell2: 

(1dB,-6dB)
	1.77
	0.11
	1.68
	0.12

	
	Cell1:

(-4.7dB,-6dB)
Cell2:

(-4.7dB,-6dB)
	1.6
	0.13
	1.58
	0.13

	
	Cell1: 

(0dB, -3dB)
Cell2: 

(0dB, -3dB)
	1.56
	0.5
	1.48
	0.45


3 Conclusions
In this contribution, we further discuss on the issues of specify the RSRP/RSRQ accuracy requirements. We propose that:
Proposal 1: Specify the RSRP/RSRQ accuracy requirements under high Doppler conditions by adding an additional margin in high Doppler conditions vs. in AWGN conditions to the AWGN requirements.
Proposal 2: Specify accuracy requirement in high Doppler conditions based on the simulation results of single cell.
Proposal 3: For RSRP absolute measurement accuracy, 1dB additional margin compared to AWGN channel should be defined.
Proposal 4: For RSRQ absolute measurement accuracy, the AWGN requirements can be reused.
Proposal 5: For RSRP relative measurement accuracy, 1.2dB additional margin for Es/Iot=-6dB and 1.5dB for Es/Iot=-3dB should be considered.
Proposal 6: For RSRQ relative measurement accuracy, 0.5dB additional margin for Es/Iot=-6dB and 0.8dB for Es/Iot=-3dB should be considered.
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