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1 
Introduction
In previous RAN4 meetings RRM requirements under high Doppler scenarios were investigated [1]~[5]. And a way forward [2] was agreed to revisit RSRP/RSRQ requirement under high Doppler scenarios. Therefore in this contribution, RSRP and RSRQ measurement accuracy under higher Doppler scenario (e.g. EVA600) with RF impairment are studied and the corresponding simulation results are presented also. 
2 RSRP and RSRQ under higher Doppler
Based on agreed way forward [1], new RSRP/RSRQ requirements will be defined for the following three high Doppler channel models 

· Both EVA600 and HST, or 
· Only EVA600, or
· Only HST
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Figure 1. Results of HST vs. EVA600 [3]
But according to the evaluation results in last RAN4 meeting [3] which is also given in Figure 1, it is most challenging to meet the current RSRP/RSRQ performance requirement under EVA600 than HST, especially if the additional RF impairments included. Therefore EVA600 is the more feasible to use to study the RSRP/RSRQ measurement accuracy under high Doppler. 
Proposal 1:  EVA600 is suggested to be used to determine the requirements under higher Doppler.
3 Simulation assumptions and results 

The detailed simulation assumptions are provided in the appendix. And in our simulations RF impairments at the UE receiver include linear distortion of RF and baseband filters, LO leakage and phase noise, I/Q imbalance, ADC quantization noise, and nonlinear distortion.   
The simulation results with RF impairments are given in Table 1 and Table 2 for RSRP/RSRQ measurement accuracy at the reference SINR points of -6dB and -3dB respectively. And the results of AWGN are also given as reference baseline.
Table 1 RSRP measurement accuracy
	Propagation conditions
	Reference SNR(dB)
	5%
	50%
	95%
	Absolute accuracy
	Relative accuracy

	EVA600
	-6
	-3.02
	-1.2
	0.25
	[-3.02,0.25]
	[-1.82,1.45]

	AWGN
	-6
	-2.6
	-1.5
	-1.0
	[-2.6, -1.0]
	[-1.1,0.5]


Table 2 RSRQ measurement accuracy

	Propagation conditions
	Reference SNR(dB)
	5%
	50%
	95%
	Absolute accuracy
	Relative accuracy

	EVA600
	-3
	-2.02
	-0.35
	1.08
	[-2.02,1.08]
	[-1.67,1.43]

	EVA600
	-6
	-3.02
	-1.2
	0.25
	[-3.02,0.25]
	[-1.92,1.35]

	AWGN
	-3
	-1.7
	-1.1
	-0.5
	[-1.7, -1.1]
	[-0.6, 0.6]

	AWGN
	-6
	-2.6
	-1.5
	-1.0
	[-2.6, -1.0]
	[-1.1,0.5]


From the simulation results the following observations can be obtained:
Observation 1: RSRP measurement accuracy simulation results with RF impairment under high Doppler (e.g. EVA600) can pass the existing requirements in [2]. 
Observation 2: Under high Doppler scenario, the existing absolute intra-frequency and inter-frequency RSRQ measurement accuracy requirements [2] can be quite challenge to be met. 

Based on these simulation results and observations, the following proposals can be drawn: 

Proposal 1:  For high Doppler cases RSRP measurement accuracy requirements for both intra-frequency and inter-frequency measurement can be reused.

Proposal 2:  For high Doppler cases RSRQ absolute measurement accuracy requirements for intra-frequency measurement can be relaxed as:

Table 3: RSRQ Intra frequency absolute accuracy under high Doppler

	Accuracy
	Conditions

	Normal condition
	Extreme condition
	Ês/Iot
	Io Note 1 range

	
	
	
	E-UTRA operating bands
	Minimum Io
	Maximum Io

	dB
	dB
	dB
	
	dBm/15kHz Note 5
	dBm/BWChannel

	([3.5]
	(4
	(-3 dB
	1, 4, 6, 10, 11, 18, 19, 21, 23, 24, 33, 34, 35, 36, 37, 38, 39, 40
	-121
	-50

	
	
	
	9, 42, 43
	-120
	-50

	
	
	
	28
	-119.5
	-50

	
	
	
	2, 5, 7, 27, 41, 44
	-119
	-50

	
	
	
	26
	-118.5 Note 2
	-50

	
	
	
	3, 8, 12, 13, 14, 17, 20, 22, 29 Note 4
	-118
	-50

	
	
	
	25
	-117.5
	-50

	([4.5]
	([5]
	(-6 dB
	Note 3
	Note 3
	Note 3

	NOTE 1:
Io is assumed to have constant EPRE across the bandwidth.

NOTE 2:
The condition has the minimum Io of -119 dBm/15kHz when the carrier frequency of the assigned E-UTRA channel bandwidth is within 865-894 MHz.

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:
Band 29 is used only for E-UTRA carrier aggregation with other E-UTRA bands.

NOTE 5:
The condition level is increased by ∆>0, when applicable, as described in Sections B.4.2 and B.4.3.


Proposal 3:  For high Doppler cases RSRQ absolute measurement accuracy requirements for inter-frequency measurement can be relaxed as:

Table 4: RSRQ Inter frequency absolute accuracy under high Doppler

	Accuracy
	Conditions

	Normal condition
	Extreme condition
	Ês/Iot
	Io Note 1 range

	
	
	
	E-UTRA operating bands
	Minimum Io
	Maximum Io

	dB
	dB
	dB
	
	dBm/15kHz Note 5
	dBm/BWChannel

	([3.5]
	([5]
	(-3 dB
	1, 4, 6, 10, 11, 18, 19, 21, 23, 24, 33, 34, 35, 36, 37, 38, 39, 40
	-121
	-50

	
	
	
	9, 42, 43
	-120
	-50

	
	
	
	28
	-119.5
	-50

	
	
	
	2, 5, 7, 27, 41, 44
	-119
	-50

	
	
	
	26
	-118.5 Note 2
	-50

	
	
	
	3, 8, 12, 13, 14, 17, 20, 22, 29 Note 4
	-118
	-50

	
	
	
	25
	-117.5
	-50

	([4.5]
	([5]
	(-6 dB
	Note 3
	Note 3
	Note 3

	NOTE 1:
Io is assumed to have constant EPRE across the bandwidth.

NOTE 2:
The condition has the minimum Io of -119 dBm/15kHz when the carrier frequency of the assigned E-UTRA channel bandwidth is within 865-894 MHz.

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:
Band 29 is used only for E-UTRA carrier aggregation with other E-UTRA bands.

NOTE 5:
The condition level is increased by ∆>0, when applicable, as described in Sections B.4.2 and B.4.3.


4 

Conclusion
In this contribution, RSRP/RSRQ simulation results under higher Doppler scenario with RF impairments are provided. In conclusion, the following proposals can be drawn below and the corresponding CRs to define this new requirements in [6] is also provided in [9][10]: 

Proposal 1:  For high Doppler cases RSRP measurement accuracy requirements for both intra-frequency and inter-frequency measurement can be reused.

Proposal 2:  For high Doppler cases RSRQ absolute measurement accuracy requirements for intra-frequency measurement can be relaxed as:
Table 3: RSRQ Intra frequency absolute accuracy under high Doppler

	Accuracy
	Conditions

	Normal condition
	Extreme condition
	Ês/Iot
	Io Note 1 range

	
	
	
	E-UTRA operating bands
	Minimum Io
	Maximum Io

	dB
	dB
	dB
	
	dBm/15kHz Note 5
	dBm/BWChannel

	([3.5]
	(4
	(-3 dB
	1, 4, 6, 10, 11, 18, 19, 21, 23, 24, 33, 34, 35, 36, 37, 38, 39, 40
	-121
	-50

	
	
	
	9, 42, 43
	-120
	-50

	
	
	
	28
	-119.5
	-50

	
	
	
	2, 5, 7, 27, 41, 44
	-119
	-50

	
	
	
	26
	-118.5 Note 2
	-50

	
	
	
	3, 8, 12, 13, 14, 17, 20, 22, 29 Note 4
	-118
	-50

	
	
	
	25
	-117.5
	-50

	([4.5]
	([5]
	(-6 dB
	Note 3
	Note 3
	Note 3

	NOTE 1:
Io is assumed to have constant EPRE across the bandwidth.

NOTE 2:
The condition has the minimum Io of -119 dBm/15kHz when the carrier frequency of the assigned E-UTRA channel bandwidth is within 865-894 MHz.

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:
Band 29 is used only for E-UTRA carrier aggregation with other E-UTRA bands.

NOTE 5:
The condition level is increased by ∆>0, when applicable, as described in Sections B.4.2 and B.4.3.


Proposal 3:  For high Doppler cases RSRQ absolute measurement accuracy requirements for inter-frequency measurement can be relaxed as:
Table 4: RSRQ Inter frequency absolute accuracy under high Doppler

	Accuracy
	Conditions

	Normal condition
	Extreme condition
	Ês/Iot
	Io Note 1 range

	
	
	
	E-UTRA operating bands
	Minimum Io
	Maximum Io

	dB
	dB
	dB
	
	dBm/15kHz Note 5
	dBm/BWChannel

	([3.5]
	([5]
	(-3 dB
	1, 4, 6, 10, 11, 18, 19, 21, 23, 24, 33, 34, 35, 36, 37, 38, 39, 40
	-121
	-50

	
	
	
	9, 42, 43
	-120
	-50

	
	
	
	28
	-119.5
	-50

	
	
	
	2, 5, 7, 27, 41, 44
	-119
	-50

	
	
	
	26
	-118.5 Note 2
	-50

	
	
	
	3, 8, 12, 13, 14, 17, 20, 22, 29 Note 4
	-118
	-50

	
	
	
	25
	-117.5
	-50

	([4.5]
	([5]
	(-6 dB
	Note 3
	Note 3
	Note 3

	NOTE 1:
Io is assumed to have constant EPRE across the bandwidth.

NOTE 2:
The condition has the minimum Io of -119 dBm/15kHz when the carrier frequency of the assigned E-UTRA channel bandwidth is within 865-894 MHz.

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:
Band 29 is used only for E-UTRA carrier aggregation with other E-UTRA bands.

NOTE 5:
The condition level is increased by ∆>0, when applicable, as described in Sections B.4.2 and B.4.3.
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6 Appendix

6.1. Simulation assumptions
Table A1: Simulation parameters for RSRP/RSRQ measurement [1]
	Parameters
	Value
	Comments

	Measurement bandwidth
	6 resource blocks
	Both RSRP and RSSI measured over 6 RB

	System bandwidth
	6 resource blocks
	

	L1 measurement period
	200 ms
	

	Measurement sampling rate
	50ms
	Implementation dependent (NOTE 1)

	L3 filtering
	disabled
	

	Transmit antenna
	1
	

	Receive antennas
	2
	The receive diversity rule as defined in TS 36.214. Both antennas with equal gain, no correlation between them.

	DRX/DTX
	OFF
	DRX/DTX to be considered at later stage

	Propagation conditions
	EVA600, AWGN
	

	CP Length
	Normal
	

	Time offset between TDD cells 
	0 second
	

	Interference from other cells [Iot] 
	-70 dBm
	AWGN

	Ês/Iot
	-6dB, -3dB
	To be verified.


