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1 Introduction

In recent RAN4 meetings, the RSRP/RSRQ measurement accuracy under high Doppler condition were extensive discussed. In last RAN4 meeting, a multiple companies provide corresponding simulation results. A way forward was agreed [1], and 2 cell simulation for high Doppler was proposed as follows.  

· For 2 Cells Simulations for high Doppler
· Encourage interested companies to provide the 2 Cells RSRP/RSRQ simulations results in RAN4 #71 meeting.
The simulation assumptions could be referred by R4-142350
In this contribution, we provide the RSRP/RSRQ measurement accuracy of 2 cells under high Doppler cases.

2 Discussions
Based on the simulation assumption proposed in R4-142350, the simulation results of RSRP/RSRQ measurement accuracy of 2 cells under high Doppler cases are shown in the following table 1 and 2.
Table 1. RSRP measurement accuracy of 2 cells under high Doppler cases
	
	Es/Noc (dB)
	Ês/Iot (dB)
	Absolute bias 5%
	Absolute bias 95%
	Relative bias 5%
	Relative bias95%

	EVA300
	Cell1 6dB
Cell2 1dB
	Cell1 2.5dB
Cell2 -6dB
	-2.38
	2.57
	-2.59
	3.75

	
	Cell1 -4.7dB
Cell2 -4.7dB
	Cell1 -6dB
Cell2 -6dB
	-2.01
	2.45
	-2.85
	3.34

	
	Cell1 0dB
Cell2 0dB
	Cell1 -3dB
Cell2 -3dB
	-1.28
	2.29
	-2.45
	2.68

	EVA600
	Cell1 6dB
Cell2 1dB
	Cell1 2.5dB
Cell2 -6dB
	-2.12
	2.28
	-2.29
	2.82

	
	Cell1 -4.7dB
Cell2 -4.7dB
	Cell1 -6dB
Cell2 -6dB
	-1.59
	2.23
	-2.65
	2.66

	
	Cell1 0dB
Cell2 0dB
	Cell1 -3dB
Cell2 -3dB
	-1.08
	1.94
	-2.2
	2.11

	HST
	Cell1 6dB
Cell2 1dB
	Cell1 2.5dB
Cell2 -6dB
	-1.82
	1.44
	-1.55
	1.91

	
	Cell1 -4.7dB
Cell2 -4.7dB
	Cell1 -6dB
Cell2 -6dB
	-1.25
	1.46
	-1.97
	2.05

	
	Cell1 0dB
Cell2 0dB
	Cell1 -3dB
Cell2 -3dB
	-0.71
	0.94
	-1.34
	1.26


Table 2. RSRQ measurement accuracy of 2 cells under high Doppler cases
	
	Es/Noc (dB)
	Ês/Iot (dB)
	Absolute bias 5%
	Absolute bias 95%

	EVA300
	Cell1 6dB
Cell2 1dB
	Cell1 2.5dB
Cell2 -6dB
	-2.55
	2.43

	
	Cell1 -4.7dB
Cell2 -4.7dB
	Cell1 -6dB
Cell2 -6dB
	-2.22
	1.77

	
	Cell1 0dB
Cell2 0dB
	Cell1 -3dB
Cell2 -3dB
	-1.32
	1.58

	EVA600
	Cell1 6dB
Cell2 1dB
	Cell1 2.5dB
Cell2 -6dB
	-2.07
	2.13

	
	Cell1 -4.7dB
Cell2 -4.7dB
	Cell1 -6dB
Cell2 -6dB
	-1.84
	1.6

	
	Cell1 0dB
Cell2 0dB
	Cell1 -3dB
Cell2 -3dB
	-1.13
	1.37

	HST
	Cell1 6dB
Cell2 1dB
	Cell1 2.5dB
Cell2 -6dB
	-2.35
	0.91

	
	Cell1 -4.7dB
Cell2 -4.7dB
	Cell1 -6dB
Cell2 -6dB
	-1.81
	0.87

	
	Cell1 0dB
Cell2 0dB
	Cell1 -3dB
Cell2 -3dB
	-1.29
	0.28


In order to facilitate to compare the simulation results with present RSRP/RSRQ accuracy requirements defined in TS 36.133, herein we reproduce the table as following.
Table 3. RSRP/RSRQ measurement accuracy requirements defined in TS 36.133
	RRM Measurements 
	Requirements 
	Side Condition (CRS Es/Iot)

	Intra RSRP absolute accuracy
	(6 dB
	(-6 dB

	Intra RSRP relative accuracy
	(3 dB
	(-6 dB

	Inter RSRP absolute accuracy
	(6 dB
	(-6 dB

	Inter RSRP relative accuracy
	(6 dB
	(-6 dB

	Intra RSRQ absolute accuracy
	(3.5 dB
	(-6 dB

	Inter RSRQ absolute accuracy
	(3.5 dB
	(-6 dB

	Inter RSRQ relative accuracy
	(4 dB
	(-6 dB


Based on the simulation results, the following observations can be achieved:

Observation 1: For RSRP absolute measurement accuracy, the maximum absolute bias between 5% and 95% is 2.57dB under EVA300 channels. Under EVA600 channels and HST channels, the maximum absolute bias between 5% and 95% is 2.28dB and 1.82dB respectively.

Observation 2: Observation 1: For RSRP absolute measurement accuracy, the current requirements can be satisfied under EVA300, EVA600 and HST channels. 
Observation 3: For RSRP relative measurement accuracy, the relative bias between 5% and 95% is 3.75dB under EVA 300 channel. Under EVA600 channels and HST channels, the maximum relative bias between 5% and 95% is 2.82dB and 2.05 respectively.
Observation 4: For RSRP relative measurement accuracy requirements, it seems the RF impairment margin is not enough under EVA300 channel.

Observation 5: For RSRQ absolute measurement accuracy, the maximum absolute bias between 5% and 95% is 2.55dB under EVA300 channels. Under EVA600 channels and HST channels, the maximum absolute bias between 5% and 95% is 2.13dB and 2.35dB respectively.
Observation 6: For RSRQ absolute measurement accuracy, the current requirements can be satisfied under EVA300, EAV600 and HST channels.

The RSRQ relative measurement accuracy could refer to single cell results in [2]. The results for single cell link level simulation are listed in Annex A.
Observation 7: For inter-frequency RSRQ relative measurement accuracy, the relative bias between 5% and 95% is 2.3dB under AWGN channel. For the other cases, the maximum relative bias between 5% and 95% is 2.9dB under EVA300 channels.

Observation8: Compared with AWGN, the inter-frequency RSRQ relative bias performance has 0.6dB gap under EVA300 channel. The RF impairment margin may be not enough under EVA300 channel.
Thus, taking observations for 2 cells and the previous simulation results for single cell into account, the following proposals can be achieved:
Proposal 1: Regarding RSRP absolute measurement accuracy, the current requirements can be reused for high Doppler condition, including EVA300, EVA600 and HST.

Proposal 2: For RSRP relative measurement accuracy under high Doppler condition, 1dB relaxation could be defined.

Proposal 3: For RSRQ absolute measurement accuracy under high Doppler condition, the current requirements can be reused for high Doppler condition, including EVA300, EVA600 and HST.

Proposal 4: For inter-frequency RSRQ relative measurement accuracy, two options can be considered:


Option 1: Reuse the existing RSRQ relative measurement accuracy for high Doppler condition.


Option 2: Define new RSRQ relative measurement accuracy for high Doppler condition with 0.5dB relaxation under the same CRS Es/Iot side condition.

The next question is how to define the corresponding requirements. As we know that, current RSRP/RSRQ measurement requirement is defined based on AWGN channel, with the constant Io assumption across the bandwidth. It’s not easy and convenient to only add some description in the existing clause to cover the high Doppler case. Thus, in 36.133, a new separate RSRP/RSRQ accuracy requirement clause under high Doppler condition shall be considered.
Proposal 5: A new separate RSRP/RSRQ accuracy requirement clause under high Doppler shall be introduced in TS 36.133.
3 Conclusion
In this contribution, we provide the RSRP/RSRQ measurement accuracy requirements for 2 cells under high Doppler. The following proposals are given:
Proposal 1: Regarding RSRP absolute measurement accuracy, the current requirements can be reused for high Doppler condition, including EVA300, EVA600 and HST.

Proposal 2: For RSRP relative measurement accuracy under high Doppler condition, 1dB relaxation could be defined.

Proposal 3: For RSRQ absolute measurement accuracy under high Doppler condition, the current requirements can be reused for high Doppler condition, including EVA300, EVA600 and HST.

Proposal 4: For inter-frequency RSRQ relative measurement accuracy, two options can be considered:


Option 1: Reuse the existing RSRQ relative measurement accuracy for high Doppler condition.


Option 2: Define new RSRQ relative measurement accuracy for high Doppler condition with 0.5dB relaxation under the same CRS Es/Iot side condition.

Proposal 5: A new separate RSRP/RSRQ accuracy requirement clause under high Doppler shall be introduced in TS 36.133.
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5 ANNEX A
Simulation results for single cell [R4-141757]:
Table 1. RSRP measurement accuracy for single cell
	
	SNR(dB)
	5%
	50%
	95%
	Absolute bias
	Relative bias

	AWGN
	-8
	-0.7
	0.87
	2.23
	[-0.7, 2.23]
	[-1.57,1.36]

	
	-6
	-0.74
	0.47
	1.58
	[-0.74, 1.58]
	[-1.21,1.11]

	
	-3
	-0.57
	0.19
	0.97
	[-0.57, 0.97]
	[-0.76,0.78]

	
	0
	-0.42
	0.07
	0.6
	[-0.42, 0.6]
	[-0.49,0.53]

	EVA300
	-8
	-1.3
	0.42
	2.07
	[-1.3, 2.07]
	[-1.72, 1.65]

	
	-6
	-1.26
	0.13
	1.34
	[-1.26,1.34]
	[-1.39,1.21]

	
	-3
	-0.93
	-0.02
	0.75
	[-0.93, 0.75]
	[-0.91,0.77]

	
	0
	-0.69
	-0.1
	0.44
	[-0.69,0.44]
	[-0.59,0.54]

	EVA600
	-8
	-1.35
	0.48
	1.97
	[-1.35,1.97]
	[-1.83, 1.49]

	
	-6
	-1.19
	0.17
	1.34
	[-1.19, 1.34]
	[-1.36, 1.17]

	
	-3
	-0.9
	-0.01
	0.75
	[-0.9,0.75]
	[-0.89,0.76]

	
	0
	-0.65
	-0.07
	0.42
	[-0.65,0.42]
	[-0.58,0.49]

	HST
	-8
	-0.81
	0.92
	2.23
	[-0.81,2.23]
	[-1.73, 1.31]

	
	-6
	-0.81
	0.50
	1.56
	[-0.81,1.56]
	[-1.31,1.06]

	
	-3
	-0.63
	0.19
	0.9
	[-0.63,0.9]
	[-0.82,0.71]

	
	0
	-0.45
	0.07
	0.55
	[-0.45,0.55]
	[-0.52,0.48]


Table 2. RSRQ measurement accuracy for single cell 
	
	SNR(dB)
	5%
	50%
	95%
	Absolute bias

	AWGN
	-8
	-1.2
	0.4
	1.7
	[-1.2,1.7]

	
	-6
	-1.1
	0.1
	1.2
	[-1.1,1.2]

	
	-3
	-0.8
	0.1
	0.6
	[-0.8, 0.6]

	
	0
	-0.6
	-0.2
	0.3
	[-0.6,0.3]

	EVA300
	-8
	-1.9
	-0.1
	1.7
	[-1.9,1.7]

	
	-6
	-1.8
	-0.4
	1.1
	[-1.8,1.1]

	
	-3
	-1.7
	-0.6
	0.6
	[-1.7,0.6]

	
	0
	-1.9
	-0.7
	0.4
	[-1.9,0.4]

	EVA600
	-8
	-1.8
	-0.1
	1.5
	[-1.8,1.5]

	
	-6
	-1.6
	-0.3
	1.0
	[-1.6,1.0]

	
	-3
	-1.5
	-0.5
	0.5
	[-1.5, 0.5]

	
	0
	-1.6
	-0.6
	0.3
	[-1.6,0.3]

	HST
	-8
	-1.3
	0.4
	1.7
	[-1.3,1.7]

	
	-6
	-1.2
	0.1
	1.2
	[-1.2,1.2]

	
	-3
	-0.9
	-0.1
	0.6
	[-0.9,0.6]

	
	0
	-0.7
	-0.2
	0.3
	[-0.7,0.3]
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