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1.  Introduction
In RAN4#73 meeting, RSRP and RSRQ absolute measurement accuracy requirements under high Doppler (EVA 300) was agreed. There were also discussions on how to specify RSRP and RSRQ relative measurement accuracy requirements under high Doppler. The agreed WF was as below.
WF: provide simulations (single cell and optionally 2-cell) in the next meeting and post processing to generate the margin.

In this paper we provide simulation results for single cell and 2-cell simulation setup and analysis on how to derive RSRP and RSRQ relative accuracy requirements under high Doppler.
2. Discussion
In [1] the methodology for deriving both absolute accuracy requirement and relative accuracy requirements are proposed. 

It was agreed that additional margin over AWGN requirement is used to derive RSRP/RSRQ accuracy requirements under high Doppler. 
For absolute accuracy requirement, additional margin is derived as below. 
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)). The Mabsolute could then be averaged among companies’ results.
For relative accuracy requirement, there are two options.

Option 1: 

Mrelative, fading, average – Mrelative, AWGN,average where Mrelative is derived from individual company results by:

Mrelative= (CDF_value at 95th percentile - CDF value at 5th percentile))/2. The Mrelative could then be averaged among companies’ results. 

Note that CDF_value here is the delta RSRP of the target cell which means only samples of the target cell is involved. Delta RSRP could be observed from simulation results of single cell simulation setup or 2-cell simulation setup. It was also argued that if 1/2 should be used in the formula.
Option 2:

Mrelative, fading, average – Mrelative, AWGN,average where Mrelative is derived from individual company results by:

Mrelative= max(abs(CDF_value at 95th percentile) ,abs( CDF value at 5th percentile)). The Mrelative could then be averaged among companies’ results. 
Where CDF_value is the relative RSRP of two cells, which means the RSRP of target cell and RSRP of interference cell are both estimated to derived relative accuracy directly.
2.1 Simulation results
Since RSRP/RSRQ measurement accuracy requirements are specified under EVA 300, only results for AWGN and EVA300 are provided below. 
Table 1 and Table 2 are the simulation results from 2-cell simulation setup. 
Table 1 RSRP measurement accuracy simulation results

	Channel
	(SNR1, SNR2) dB
	Absolute Delta RSRP (1-cell)
	Relative

[95%, 5%]
	Delta to AWGN
[95%, 5%] 
	Delta to AWGN
[95%, 5%]/2
	Relative Delta RSRP (2-cell)
	Relative Accuracy
	Delta to AWGN (relative)

	
	
	5%
	95%
	
	
	
	5%
	95%
	
	

	AWGN
	(6, 1)
	-0.32 
	2.12 
	2.44 
	0.00 
	0.00 
	-0.49 
	2.09 
	2.09 
	0.00 

	
	(-4.7, -4.7)
	-0.02 
	2.25 
	2.27 
	0.00 
	0.00 
	-1.60 
	1.59 
	1.60 
	0.00 

	
	(0, 0)
	-0.58 
	1.28 
	1.86 
	0.00 
	0.00 
	-1.30 
	1.29 
	1.30 
	0.00 

	EVA300
	(6, 1)
	-0.19 
	3.55 
	3.74 
	1.30 
	0.65 
	-1.60 
	3.77 
	3.77 
	1.68 

	
	(-4.7, -4.7)
	-0.18 
	3.34 
	3.52 
	1.25 
	0.68 
	-2.45 
	2.46 
	2.46 
	0.86 

	
	(0, 0)
	-1.09 
	2.90 
	3.99 
	2.14 
	1.07 
	-2.83 
	2.86 
	2.86 
	1.56 


Table 2 RSRQ measurement accuracy simulation results
	Channel
	(SNR1, SNR2) dB
	Absolute Delta RSRP (1-cell)
	Relative

[95%, 5%]
	Delta to AWGN
[95%, 5%] 
	Delta to AWGN
[95%, 5%]/2
	Relative Delta RSRP (2-cell)
	Relative Accuracy
	Delta to AWGN (relative)

	
	
	5%
	95%
	
	
	
	5%
	95%
	
	

	AWGN
	(6, 1)
	-0.28 
	2.09 
	2.36 
	0.00 
	0.00 
	-0.51 
	2.05 
	2.05 
	0.00 

	
	(-4.7, -4.7)
	0.02 
	2.21 
	2.20 
	0.00 
	0.00 
	-1.57 
	1.60 
	1.60 
	0.00 

	
	(0, 0)
	-0.53 
	1.24 
	1.78 
	0.00 
	0.00 
	-1.27 
	1.26 
	1.27 
	0.00 

	EVA300
	(6, 1)
	0.35 
	3.16 
	2.82 
	0.45 
	0.22 
	0.19 
	3.71 
	3.71 
	1.66 

	
	(-4.7, -4.7)
	-0.11 
	2.55 
	2.66 
	0.47 
	0.24 
	-1.91 
	1.82 
	1.91 
	0.32 

	
	(0, 0)
	-0.74 
	1.75 
	2.50 
	0.72 
	0.36 
	-1.82 
	2.04 
	2.04 
	0.77 


It can be seen from Table 1 that though the Es/Iot of target cell are both -6dB under different Es/Noc setup of two cells in the simulation, which is (6, 1) dB and (-4.7, -4.7) dB respectively, the relative accuracy is quite different which is 3.77dB for (6, 1) configuration and 2.46dB for (-4.7, -4.7dB) configuration under EVA300 channel model. Hence the additional margin over AWGN is different for the two configurations if 2-cell methodology is used. The reason is further discussed in Annex. As addition margin for absolute accuracy requirement is using (6, 1) dB configuration, we suggest also use this configuration for relative accuracy requirement.
It can also be observed that the additional margin using option 1, either (CDF_value at 95th percentile - CDF value at 5th percentile))/2 or (CDF_value at 95th percentile - CDF value at 5th percentile), could not be well aligned with option 2 for the all configurations. As relative accuracy is defined as difference between one measurement from one cell and one measurement from another cell it is straightforward to use two cells in simulation where relative accuracy can be calculated directly from measurements from the two cells in one measurement period. But as companies would not like to have one more round of simulation, (CDF_value at 95th percentile - CDF value at 5th percentile) could be used to derive relative accuracy from one cell samples considering it is comparable to the 2-cell results of the (6, 1) dB configuration.
It is also observed that additional margin for high relative accuracy under (0, 0) dB configuration when option 1 is used, is bigger that that for low relative accuracy. But for option 2 the additional margin for low relative accuracy and high relative accuracy is similar, so it is suggested to use same additional margin that derived from low relative accuracy for high relative accuracy.
Observation 1: Mrelative= (CDF_value at 95th percentile - CDF value at 5th percentile) could be used to derive relative accuracy from one cell samples where either single setup or 2-cell setup could be used.
Observation 2: same additional margin that derived for low relative accuracy can be used for high relative accuracy.

Based on the simulation results, for intra/inter frequency RSRP relative measurement accuracy requirement at Es/Iot = -6dB and Es/Iot = -3dB, 1.3dB of additional margin could be used.

It is observed that from table 2 that additional margin for RSRQ relative accuracy under (6, 1) dB configuration is quite different by using different options, which is 0.45dB by using option 1 and 1.66dB by using option 2. Maybe it’s risky to use option 1 to derive the additional margin. Hence we suggest use 1dB of additional margin for RSRQ relative accuracy because the difference of addition margin for absolute accuracy between RSRQ and RSRP is 0.3dB.
3. Conclusions
In this paper we provided simulation results and analysis on relative measurement accuracy requirements under high Doppler. Observations are summarized as below.
Observation 1: Mrelative= (CDF_value at 95th percentile - CDF value at 5th percentile) could be used to derive relative accuracy from one cell samples where either single setup or 2-cell setup could be used.

Observation 2: same additional margin that derived for low relative accuracy can be used for high relative accuracy.

Based on the observation and analysis, below proposals are presented.

Proposal 1: An additional margin of 1.3 dB could be used for Intra/Inter frequency RSRP relative accuracy requirements under EVA300 for both low/high relative accuracy requirements.
Proposal 2: An additional margin of 1 dB could be used for Inter frequency RSRQ relative accuracy requirements under EVA300 for both low/high relative accuracy requirements.
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Figure 1 Relative RSRP CDF in 2-cell simulation
It can be seen from Figure 1 that the worst case for relative accuracy is the (6dB, 1dB) configuration where two cells have different geometry rather than (-4.7dB, -4.7dB) configuration where two cells have same geometry of -6dB. This is because if two cells have different geometry, the not only the spread but also bias of measurement matters, while if two cells have same geometry, not the spread of measurement matters as the bias is cancelled out. Although under different geometry case the measurement of high geometry cell would be more accurate it depends on implementation how bigger the difference of measurement bias of two cells matters. Therefore it’s not good enough to use single cell measurement to derive the relative accuracy.
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