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1 Introduction

In recent RAN4 meetings, the RSRP/RSRQ measurement accuracy under high Doppler condition were extensive discussed, and [1]-[6] show the simulation results for RSRP/RSRQ measurement accuracy under high Doppler case. Moreover, one WF document [7] was agreed in last RAN4 meeting, for RSRP/RSRQ aspect, the agreement was 
· Intra- and inter-frequency RSRP/RSRQ measurement accuracy requirements and tests in 36.133 in section 9 is agreed to be revisited and specified under high Doppler condition 

· EVA600 and HST channels are assumed for simulation evaluations

· The requirements are expected to be defined based on specific channel(s)

· Both EVA600 and HST, or 

· Only EVA600, or

· Only HST

In this contribution, based on the simulation results, we provide the proposals on the RSRP/RSRQ measurement accuracy requirements under high Doppler cases. 
2 Discussions
2.1 Simulation Results
In our previous paper [1], the RSRP/RSRQ measurement accuracy results are shown. Here, we list all the results again to show the comparisons with current requirements:

Table 1. RSRP measurement accuracy
	
	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
	
	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]


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

Observation 1: For RSRP absolute measurement accuracy, the current requirements can be satisfied under EVA300, EVA600 and HST channels.
Observation 2: For RSRP relative measurement accuracy, the relative bias between 5% and 95% is 2.34dB under AWGN channel. For the other cases, the maximum relative bias between 5% and 95% is 2.6dB under EVA300 channels.
Observation 3: For RSRP relative measurement accuracy requirements, the RF impairment margin could be 0.5dB-1dB under AWGN. Thus, it seems the RF impairment margin is not enough under EVA300 channel.

Observation 4: For RSRQ absolute measurement accuracy, the current requirements can be satisfied under EVA300, EAV600 and HST channels.
Observation 5: For 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.
Observation 6: Compared with AWGN, the RSRQ relative bias performance has 0.6dB gap under EVA300 channel. The RF impairment margin may be not enough under EVA300 channel.
2.2 Discussions on Requirements
In section 2.1, the simulation results and corresponding observations were given. For the defined requirements in 36.133, we can list as in Table 3.
Table 2. Current RSRP/RSRQ measurement accuracy requirements
	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


Thus, taking these observations and RSRP/RSRQ requirements into account, the following proposals can be achieved:
Proposal 1: Regarding RSRP/RSRQ 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, two options can be considered:

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


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

Proposal 3: For 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.
For these two options, RAN4 group needs more discussions. From Huawei’s point of view, our preference is to reuse the existing RSRP relative measurement accuracy, and adopt the requirement for RSRQ relative measurement accuracy with 0.5dB relaxation. 

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 4: A new separate RSRP/RSRQ accuracy requirement clause under high Doppler shall be introduced in TS 36.133.
3 Conclusion
In this contribution, we give some preliminary discussions on RSRP/RSRQ measurement accuracy requirements under high Doppler. The following proposals are given:
Proposal 1: Regarding RSRP/RSRQ 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, two options can be considered:


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


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

Proposal 3: For 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 4: A new separate RSRP/RSRQ accuracy requirement clause under high Doppler shall be introduced in TS 36.133.
As clarified in above content, our preference is to reuse the existing RSRP relative measurement accuracy, and adopt the requirement for RSRQ relative measurement accuracy with 0.5dB relaxation. Based on the analysis, the text proposal for RSRP/RSRQ measurement accuracy is given in section V.
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5 Text Proposal

9.1.2.7
Absolute RSRP Accuracy Under High Doppler Condition
The requirements for absolute accuracy of RSRP in this clause apply to a cell on the same frequency as that of the serving cell. The requirements in this clause apply to typical high Doppler condition including EVA600 and HST channels.
The accuracy requirements in Table 9.1.2.7-1 are valid under the following conditions:

Cell specific reference signals are transmitted either from one, two or four antenna ports.

Conditions defined in 36.101 Clause 7.3 for reference sensitivity are fulfilled.

RSRP|dBm according to Annex B.3.1 for a corresponding Band
Table 9.1.2.7-1: RSRP Intra frequency absolute accuracy under high Doppler condition
	Accuracy
	Conditions

	Normal condition
	Extreme condition
	Ês/Iot
	Io Note 1 range

	
	
	
	E-UTRA operating band groups Note 3
	Average Minimum Io
	Average Maximum Io

	dB
	dB
	dB
	
	dBm/15kHz Note 2
	dBm/BWChannel
	dBm/BWChannel

	(6
	(9
	(-6 dB
	FDD_A, TDD_A
	-121+X
	N/A
	-70

	
	
	
	FDD_C, TDD_C
	-120+X
	N/A
	-70

	
	
	
	FDD_D
	-119.5+X
	N/A
	-70

	
	
	
	FDD_E, TDD_E
	-119+X
	N/A
	-70

	
	
	
	FDD_F
	-118.5+X
	N/A
	-70

	
	
	
	FDD_G
	-118+X
	N/A
	-70

	
	
	
	FDD_H
	-117.5+X
	N/A
	-70

	
	
	
	FDD_N
	-114.5+X
	N/A
	-70

	(8
	(11
	(-6 dB
	FDD_A, TDD_A, FDD_C, TDD_C, FDD_D, FDD_E, TDD_E, FDD_F, FDD_G, FDD_H, FDD_N
	N/A
	-70
	-50

	NOTE 1:
Io is assumed to have fluctuated EPRE according to the channels across the bandwidth.
NOTE 2:
The condition level is increased by ∆>0, when applicable, as described in Sections B.4.2 and B.4.3.

NOTE 3:
E-UTRA operating band groups are as defined in Section 3.5.


9.1.2.8
Relative Accuracy of RSRP Under High Doppler Condition
The relative accuracy of RSRP is defined as the RSRP measured from one cell compared to the RSRP measured from another cell on the same frequency. The requirements in this clause apply to typical high Doppler condition including EVA600 and HST channels.
The accuracy requirements in Table 9.1.2.8-1 are valid under the following conditions:

Cell specific reference signals are transmitted either from one, two or four antenna ports.

Conditions defined in 36.101 Clause 7.3 for reference sensitivity are fulfilled.

RSRP1,2|dBm according to Annex B.3.8 for a corresponding Band.
Table 9.1.2.8-1: RSRP Intra frequency relative accuracy under high Doppler condition
	Accuracy
	Conditions

	Normal condition
	Extreme condition
	Ês/Iot Note 2
	Io Note 1 range

	
	
	
	E-UTRA operating band groups Note 5
	Average Minimum Io
	Average Maximum Io

	dB
	dB
	dB
	
	dBm/15kHz Note 4
	dBm/BWChannel

	[(2]
	[(3]
	(-3 dB
	FDD_A, TDD_A
	-121+X
	-50

	
	
	
	FDD_C, TDD_C
	-120+X
	-50

	
	
	
	FDD_D
	-119.5+X
	-50

	
	
	
	FDD_E, TDD_E
	-119+X
	-50

	
	
	
	FDD_F
	-118.5+X
	-50

	
	
	
	FDD_G
	-118+X
	-50

	
	
	
	FDD_H
	-117.5+X
	-50

	
	
	
	FDD_N
	-114.5+X
	-50

	[(3]
	[(3]
	(-6 dB
	Note 3
	Note 3
	Note 3

	NOTE 1:
Io is assumed to have fluctuated EPRE according to the channels across the bandwidth.
NOTE 2:
The parameter Ês/Iot is the minimum Ês/Iot of the pair of cells to which the requirement applies.

NOTE 3:
The same bands and the same Io conditions for each band apply for this requirement as for the corresponding highest accuracy requirement.

NOTE 4:
The condition level is increased by ∆>0, when applicable, as described in Sections B.4.2 and B.4.3.

NOTE 5:
E-UTRA operating band groups are as defined in Section 3.5.


------------------------------------------- Unchanged Section Omitted -------------------------------------------
9.1.3.3
Absolute RSRP Accuracy Under High Doppler Condition
The requirements for absolute accuracy of RSRP in this clause apply to a cell that has different carrier frequency from the serving cell. The requirements in this clause apply to typical high Doppler condition including EVA600 and HST channels.
The accuracy requirements in Table 9.1.3.3-1 are valid under the following conditions:

Cell specific reference signals are transmitted either from one, two or four antenna ports.

Conditions defined in 36.101 Clause 7.3 for reference sensitivity are fulfilled.

RSRP|dBm according to Annex B.3.3 for a corresponding Band

Table 9.1.3.3-1: RSRP Inter frequency absolute accuracy under high Doppler condition
	Accuracy
	Conditions

	Normal condition
	Extreme condition
	Ês/Iot
	Io Note 1 range

	
	
	
	E-UTRA operating band groups Note 3
	Average Minimum Io
	Average Maximum Io

	dB
	dB
	dB
	
	dBm/15kHz Note 2
	dBm/BWChannel
	dBm/BWChannel

	(6
	(9
	(-6 dB
	FDD_A, TDD_A
	-121+X
	N/A
	-70

	
	
	
	FDD_C, TDD_C
	-120+X
	N/A
	-70

	
	
	
	FDD_D
	-119.5+X
	N/A
	-70

	
	
	
	FDD_E, TDD_E
	-119+X
	N/A
	-70

	
	
	
	FDD_F
	-118.5+X
	N/A
	-70

	
	
	
	FDD_G
	-118+X
	N/A
	-70

	
	
	
	FDD_H
	-117.5+X
	N/A
	-70

	
	
	
	FDD_N
	-114.5+X
	N/A
	-70

	(8
	(11
	(-6 dB
	FDD_A, TDD_A, FDD_C, TDD_C, FDD_D, FDD_E, TDD_E, FDD_F, FDD_G, FDD_H, FDD_N
	N/A
	-70
	-50

	NOTE 1:
Io is assumed to have fluctuated EPRE according to the channels across the bandwidth.
NOTE 2:
The condition level is increased by ∆>0, when applicable, as described in Sections B.4.2 and B.4.3.

NOTE 3:
E-UTRA operating band groups are as defined in Section 3.5.


9.1.3.4
Relative Accuracy of RSRP Under High Doppler Condition
The relative accuracy of RSRP in inter frequency case is defined as the RSRP measured from one cell compared to the RSRP measured from another cell on a different frequency. The requirements in this clause apply to typical high Doppler condition including EVA600 and HST channels.
The accuracy requirements in Table 9.1.3.4-1 are valid under the following conditions:

Cell specific reference signals are transmitted either from one, two or four antenna ports.

Conditions defined in 36.101 Clause 7.3 for reference sensitivity are fulfilled.

RSRP1,2|dBm according to Annex B.3.4 for a corresponding Band
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Table 9.1.3.4-1: RSRP Inter frequency relative accuracy under high Doppler condition
	Accuracy
	Conditions

	Normal condition
	Extreme condition
	Ês/Iot Note 2
	Io Note 1 range

	
	
	
	E-UTRA operating band groups Note 4
	Average Minimum Io
	Average Maximum Io

	dB
	dB
	dB
	
	dBm/15kHz Note 3
	dBm/BWChannel

	[(6]
	[(6]
	(-6 dB
	FDD_A, TDD_A
	-121+X
	-50

	
	
	
	FDD_C, TDD_C
	-120+X
	-50

	
	
	
	FDD_D
	-119.5+X
	-50

	
	
	
	FDD_E, TDD_E
	-119+X
	-50

	
	
	
	FDD_F
	-118.5+X
	-50

	
	
	
	FDD_G
	-118+X
	-50

	
	
	
	FDD_H
	-117.5+X
	-50

	
	
	
	FDD_N
	-114.5+X
	-50

	NOTE 1:
Io is assumed to have fluctuated EPRE according to the channels across the bandwidth.
NOTE 2:
The parameter Ês/Iot is the minimum Ês/Iot of the pair of cells to which the requirement applies.

NOTE 3:
The condition level is increased by ∆>0, when applicable, as described in Sections B.4.2 and B.4.3.

NOTE 4:
E-UTRA operating band groups are as defined in Section 3.5.


------------------------------------------- Unchanged Section Omitted -------------------------------------------

9.1.5.5
Absolute RSRQ Accuracy Under High Doppler Condition
The requirements for absolute accuracy of RSRQ in this clause apply to a cell on the same frequency as that of the serving cell. The requirements in this clause apply to typical high Doppler condition including EVA600 and HST channels.
The accuracy requirements in Table 9.1.5.5-1 are valid under the following conditions:

Cell specific reference signals are transmitted either from one, two or four antenna ports.

Conditions defined in 36.101 Clause 7.3 for reference sensitivity are fulfilled.

RSRP|dBm according to Annex B.3.1 for a corresponding Band

Table 9.1.5.5-1: RSRQ Intra frequency absolute accuracy under high Doppler condition
	Accuracy
	Conditions

	Normal condition
	Extreme condition
	Ês/Iot
	Io Note 1 range

	
	
	
	E-UTRA operating band groups Note 4
	Average Minimum Io
	Average Maximum Io

	dB
	dB
	dB
	
	dBm/15kHz Note 3
	dBm/BWChannel

	(2.5
	(4
	(-3 dB
	FDD_A, TDD_A
	-121+X
	-50

	
	
	
	FDD_C, TDD_C
	-120+X
	-50

	
	
	
	FDD_D
	-119.5+X
	-50

	
	
	
	FDD_E, TDD_E
	-119+X
	-50

	
	
	
	FDD_F
	-118.5+X
	-50

	
	
	
	FDD_G
	-118+X
	-50

	
	
	
	FDD_H
	-117.5+X
	-50

	
	
	
	FDD_N
	-114.5+X
	-50

	(3.5
	(4
	(-6 dB
	Note 2
	Note 2
	Note 2

	NOTE 1:
Io is assumed to have fluctuated EPRE according to the channels across the bandwidth.
NOTE 2:
The same bands and the same Io conditions for each band apply for this requirement as for the corresponding highest accuracy requirement.

NOTE 3:
The condition level is increased by ∆>0, when applicable, as described in Sections B.4.2 and B.4.3.

NOTE 4:
E-UTRA operating band groups are as defined in Section 3.5.


------------------------------------------- Unchanged Section Omitted -------------------------------------------
9.1.6.5
Absolute RSRQ Accuracy Under High Doppler Condition
The requirements for absolute accuracy of RSRQ in this clause apply to a cell that has different carrier frequency from the serving cell. The requirements in this clause apply to typical high Doppler condition including EVA600 and HST channels.
The accuracy requirements in Table 9.1.6.5-1 are valid under the following conditions:

Cell specific reference signals are transmitted either from one, two or four antenna ports.

Conditions defined in 36.101 Clause 7.3 for reference sensitivity are fulfilled.

RSRP|dBm according to Annex B.3.3 for a corresponding Band

Table 9.1.6.5-1: RSRQ Inter frequency absolute accuracy under high Doppler condition
	Accuracy
	Conditions

	Normal condition
	Extreme condition
	Ês/Iot
	Io Note 1 range

	
	
	
	E-UTRA operating band groups Note 4
	Average Minimum Io
	Average Maximum Io

	dB
	dB
	dB
	
	dBm/15kHz Note 3
	dBm/BWChannel

	(2.5
	(4
	(-3 dB
	FDD_A, TDD_A
	-121+X
	-50

	
	
	
	FDD_C, TDD_C
	-120+X
	-50

	
	
	
	FDD_D
	-119.5+X
	-50

	
	
	
	FDD_E, TDD_E
	-119+X
	-50

	
	
	
	FDD_F
	-118.5+X
	-50

	
	
	
	FDD_G
	-118+X
	-50

	
	
	
	FDD_H
	-117.5+X
	-50

	
	
	
	FDD_N
	-114.5+X
	-50

	(3.5
	(4
	(-6 dB
	Note 2
	Note 2
	Note 2

	NOTE 1:
Io is assumed to have fluctuated EPRE according to the channels across the bandwidth.
NOTE 2:
The same bands and the same Io conditions for each band apply for this requirement as for the corresponding highest accuracy requirement.

NOTE 3:
The condition level is increased by ∆>0, when applicable, as described in Sections B.4.2 and B.4.3.

NOTE 4:
E-UTRA operating band groups are as defined in Section 3.5.


9.1.6.6
Relative Accuracy of RSRQ Under High Doppler Condition
The relative accuracy of RSRQ in inter frequency case is defined as the RSRQ measured from one cell compared to the RSRQ measured from another cell on a different frequency. The requirements in this clause apply to typical high Doppler condition including EVA600 and HST channels.
The accuracy requirements in Table 9.1.6.6-1 are valid under the following conditions:

Cell specific reference signals are transmitted either from one, two or four antenna ports.

Conditions defined in 36.101 Clause 7.3 for reference sensitivity are fulfilled.

RSRP1,2|dBm according to Annex B.3.4 for a corresponding Band
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Table 9.1.6.6-1: RSRQ Inter frequency relative accuracy under high Doppler condition
	Accuracy
	Conditions

	Normal condition
	Extreme condition
	Ês/Iot Note 2
	Io Note 1 range

	
	
	
	E-UTRA operating band groups Note 5
	Average Minimum Io
	Average Maximum Io

	dB
	dB
	dB
	
	dBm/15kHz Note 4
	dBm/BWChannel

	[(3.5]
	[(4.5]
	(-3 dB
	FDD_A, TDD_A
	-121+X
	-50

	
	
	
	FDD_C, TDD_C
	-120+X
	-50

	
	
	
	FDD_D
	-119.5+X
	-50

	
	
	
	FDD_E, TDD_E
	-119+X
	-50

	
	
	
	FDD_F
	-118.5+X
	-50

	
	
	
	FDD_G
	-118+X
	-50

	
	
	
	FDD_H
	-117.5+X
	-50

	
	
	
	FDD_N
	-114.5+X
	-50

	[(4.5]
	[(4.5]
	(-6 dB
	Note 3
	Note 3
	Note 3

	NOTE 1:
Io is assumed to have fluctuated EPRE according to the channels across the bandwidth.
NOTE 2:
The parameter Ês/Iot is the minimum Ês/Iot of the pair of cells to which the requirement applies.

NOTE 3:
The same bands and the same Io conditions for each band apply for this requirement as for the corresponding highest accuracy requirement.

NOTE 4:
The condition level is increased by ∆>0, when applicable, as described in Sections B.4.2 and B.4.3.

NOTE 5:
E-UTRA operating band groups are as defined in Section 3.5.
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