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1 Introduction
In RAN4 #70 meeting, link level simulation assumption of RSRP and RSRQ accuracy studies for low-cost MTC UE was approved in [1], in which only FDD low-cost MTC was considered. Then, in RAN4 #70bis meeting, link level simulation assumption RSRP and RSRQ accuracy studies for TDD low-cost MTC UE was approved in [2].

In this contribution, we provide the simulation results for RSRP and RSRQ accuracy for TDD low-cost MTC UE with 1 receiver antenna according to the agreed assumptions.
2 Simulation assumptions
The detailed simulation assumptions are listed in below as agreed in [2].
Table 1: Simulation parameters for RSRP/RSRQ measurement accuracy studies

	Parameters
	Value
	Comments

	Frame structure type
	2
	TDD

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

	Uplink-downlink configuration
	2
	

	Special subframe configuration
	6
	

	System bandwidth
	6 resource blocks
	

	L1 measurement period
	200 ms, 400 ms
	

	Measurement sampling rate
	40ms
	

	L3 filtering
	disabled
	

	Transmit antenna
	1
	

	Receive antennas
	1
	

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

	Propagation conditions
	AWGN, ETU and EPA
	

	Doppler Frequency: ETU and EPA
	70 Hz and 5 Hz
	

	CP length
	Normal
	

	Carrier frequency
	2 GHz
	

	Ec/Iot
	-6 dB … 3 dB
	AWGN noise 


3 Smulation results
3.1 Results comparison for different sampling rates
Considering there are 5 available subframes in one half-frame with per inter-frequency measurement gap, table 2 below summarized the maximum number of available subframes for measurement for different TDD DL-UL configuration and/FDD mode.
Table 2: Maximum number of subframes for measurement
	TDD/FDD configuration
	Subframe configuration
	Number of DL subframe in half frame
	Maximum number of  measurement subframes in 40 ms interval
(except special subfame)

	TDD UL/DL configuration 1
	DSUUD
	2
	2

	TDD UL/DL configuration 2
	DSUDD
	3
	3

	FDD
	DDDDD
	5
	5


As summarized in above table, avaiable measured subframes with per 40ms measurment interveal is varied depending on TDD UL/DL configurations and duplelx mode. With TDD UL/DL configuration 1, 1 or 2 DL subframes can be used and for TDD UL/DL configuration 2, equal or less than 3 DL subframes can be used for RSRP/RSRQ measurement within per 40ms interval. For FDD mode, maximum 5 subframes can be used.

RSRP/RSRQ measurement accuracy is depending on sampling rate i.e. how many DL subframes used per 40ms measurement period. Based on the agreed simulation assumption, RSRP and RSRQ measurement with sampling rate 3 DL subframes per 40ms interval were given in the annex. Table 3 below summarized RSRP/RSRQ measurement accuray with different sampling rates (maximum rate 3DL subframes and minimum rate 1DL subframes) under UL/DL configuration 2.
Table 3: Accuracy results for different sampling rate with 200 ms L1 period
	Channel
	Absolute RSRP accuracy for

1 subframe per 40ms interval
	Absolute RSRP accuracy for

 3 subframes per 40ms interval
	Absolute RSRQ accuracy for

1 subframe per 40ms interval
	Absolute RSRQ accuracy for

 3 subframes per 40ms interval

	AWGN
	2.06
	1.55
	1.94
	1.45

	EPA5
	4.74
	4.40
	4.82
	4.46

	EPA70
	4.03
	3.15
	4.11
	3.24

	ETU5
	2.30
	1.84
	2.39
	1.93

	ETU70
	2.15
	1.52
	2.21
	1.56


3.2 Discussion

Based on the above simulation results, it can be observed:

· Regarding different sub-sampling rate:

1) Under the AWGN non-fading channel, the accuracy for 3 subframes per 40ms interval has around 0.5 dB gain compared to the case with 1 subframe per 40ms;

2) Under fading channel, i.e. EPA/ETU channel, there is 0.3~0.9 dB gain

· Regarding measurement accuracy for TDD Low cost UE under DL-UL configuartion2:

1) For AWGN channel, even with minimum sub-sampling rate (1 subframe with per 40ms interval) and 200ms measurent period, current RSRP and RSRQ requirements can be satisfied.
2) For ETU channel, RSRP acuuarcy is around 1.52~2.3dB and RSRQ accuracy is around 1.56~2.39 dB depending on doppler shift and sub-samping rate.
3) For EPA channel, the absolute RSRP accuracy is 4.74 dB for the worst case (1 subframe per 40 ms interval, 200 ms L1 period), 3.43 dB for 3 subframes per 40 ms interval and 400 ms L1 period. These results may exceed the legacy absolute RSRP accuracy around 1~3 dB.

Numbder of DL subframes used for RSRP/RSRQ measurement within per 40ms interval can be varied between 1 and maximum avaible DL subframes. Since different sampling rate is an UE implementation issue, there is no need to define multiple accuracy requirements for different TDD/FDD configurations or different sampling rate. 
The above observations and proposals are summarized as:

Observation 1: For AWGN channel, the legacy absolute RSRP/RSRP accuracy requirement can be reused for low-cost MTC UE with 1 receiver antenna.

Observation 2: For fading channel, especially EPA channel, the absolute RSRP/RSRP accuracy is degraded seriously with 1 receiver antenna, and over 2 dB bias needed comapred current legacy requirments.
Obseravtion 3: RSRP/RSRQ measurment accuracy is depending on sub-smapling rate, i.e. how many DL subframes used per 40ms measurement period, comapred to 1 subframe per 40ms interval, the accuracy with 3 subframes per 40ms interval show 0.3 ~0.9 dB gain depending on channel model.

Proposal1 1: Extending measurment period can be consdiered to improve measurment accuracy for MTC UE.
Proposal12: There is no need to define multiple accuracy requirements for different TDD/FDD configurations, since
different sampling rate is just an UE implementation issue.
4 Conclusion

In this contribution, we provide the simulation results for RSRP and RSRQ accuracy for TDD low-cost MTC with 1 receiver antenna. Based on the simulation results, such observations and proposals are made.
Observation 1: For AWGN channel, the legacy absolute RSRP/RSRP accuracy requirement can be reused for low-cost MTC UE with 1 receiver antenna.

Observation 2: For fading channel, especially EPA channel, the absolute RSRP/RSRP accuracy is degraded seriously with 1 receiver antenna, and over 2 dB bias needed comapred current legacy requirments.
Obseravtion 3: RSRP/RSRQ measurment accuracy is depending on sub-smapling rate, i.e. how many DL subframes used per 40ms measurement period, comapred to 1 subframe per 40ms interval, the accuracy with 3 subframes per 40ms interval show 0.3 ~0.9 dB gain depending on channel model.

Proposal1 1: Extending measurment period can be consdiered to improve measurment accuracy for MTC UE.

Proposal12: There is no need to define multiple accuracy requirements for different TDD/FDD configurations, since
different sampling rate is just an UE implementation issue.
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6 Annex A: Simulation results
Results with 200ms L1 measurement period (15 subframes)
The simulation results of the 5-percentile, 50-percentile, and 95-percentile and accuracy value are summarized in Table A-1 and Table A-2, for absolute RSRP accuracy and absolute RSRQ accuracy respectively.
Table A-1: RSRP measurement accuracy for 200ms L1 measurement period
	Channel
	Ês/Iot(dB)
(cell1/cell2)
	5%
	50%
	95%
	Absolute bias
	Absolute accuracy

	AWGN
	-6
	-1.55
	-0.19
	0.87
	[-1.55,0.87]
	1.55

	
	-3
	-1.16
	-0.24
	0.42
	[-1.16,0.42]
	1.16

	
	0
	-0.63
	-0.13
	0.27
	[-0.63,0.27]
	0.63

	
	3
	-0.38
	-0.07
	0.20
	[-0.38,0.20]
	0.38

	EPA5
	-6
	-0.63
	0.96
	4.40
	[-0.63,4.40]
	4.40

	
	-3
	-0.70
	0.31
	2.97
	[-0.70,2.97]
	2.97

	
	0
	-0.65
	0.07
	1.91
	[-0.65,1.91]
	1.91

	
	3
	-0.53
	0.00
	1.21
	[-0.53,1.21]
	1.21

	EPA70
	-6
	-0.38
	1.15
	3.15
	[-0.38,3.15]
	3.15

	
	-3
	-0.63
	0.46
	1.98
	[-0.63,1.98]
	1.98

	
	0
	-0.63
	0.15
	1.21
	[-0.63,1.21]
	1.21

	
	3
	-0.55
	0.02
	0.71
	[-0.55,0.71]
	0.71

	ETU5
	-6
	-1.27
	0.09
	1.84
	[-1.27,1.84]
	1.84

	
	-3
	-1.59
	-0.48
	0.55
	[-1.59,0.55]
	1.59

	
	0
	-1.60
	-0.63
	0.04
	[-1.60,0.04]
	1.60

	
	3
	-1.57
	-0.64
	-0.13
	[-1.57,-0.13]
	1.57

	ETU70
	-6
	-1.13
	0.18
	1.48
	[-1.13,1.48]
	1.48

	
	-3
	-1.49
	-0.47
	0.41
	[-1.49,0.41]
	1.49

	
	0
	-1.52
	-0.66
	-0.02
	[-1.52,-0.02]
	1.52

	
	3
	-1.39
	-0.67
	-0.20
	[-1.39,-0.20]
	1.39


Table A-2: RSRQ measurement accuracy for 200ms L1 measurement period

	Channel
	Ês/Iot(dB)
(cell1/cell2)
	5%
	50%
	95%
	Absolute bias
	Absolute accuracy

	AWGN
	-6
	-1.45
	-0.11
	0.95
	[-1.45,0.95]
	1.45

	
	-3
	-1.00
	-0.09
	0.55
	[-1.00,0.55]
	1.00

	
	0
	-0.42
	0.07
	0.46
	[-0.42,0.46]
	0.46

	
	3
	-0.11
	0.19
	0.44
	[-0.11,0.44]
	0.44

	EPA5
	-6
	-0.51
	1.06
	4.46
	[-0.51,4.46]
	4.46

	
	-3
	-0.53
	0.46
	3.06
	[-0.53,3.06]
	3.06

	
	0
	-0.44
	0.27
	2.06
	[-0.44,2.06]
	2.06

	
	3
	-0.31
	0.25
	1.37
	[-0.31,1.37]
	1.37

	EPA70
	-6
	-0.27
	1.26
	3.24
	[-0.27,3.24]
	3.24

	
	-3
	-0.47
	0.59
	2.08
	[-0.47,2.08]
	2.08

	
	0
	-0.44
	0.33
	1.38
	[-0.44,1.38]
	1.38

	
	3
	-0.31
	0.26
	0.94
	[-0.31,0.94]
	0.94

	ETU5
	-6
	-1.15
	0.20
	1.93
	[-1.15,1.93]
	1.93

	
	-3
	-1.44
	-0.32
	0.66
	[-1.44,0.66]
	1.44

	
	0
	-1.42
	-0.42
	0.24
	[-1.42,0.24]
	1.42

	
	3
	-1.32
	-0.38
	0.14
	[-1.32,0.14]
	1.32

	ETU70
	-6
	-1.03
	0.27
	1.56
	[-1.03,1.56]
	1.56

	
	-3
	-1.34
	-0.33
	0.55
	[-1.34,0.55]
	1.34

	
	0
	-1.32
	-0.45
	0.16
	[-1.32,0.16]
	1.32

	
	3
	-1.12
	-0.41
	0.06
	[-1.12,0.06]
	1.12


Results with 400ms L1 measurement period (30 subframes)
The simulation results of the 5-percentile, 50-percentile, and 95-percentile and accuracy value are summarized in Table A-3 and Table A-4.
Table A-3: RSRP measurement accuracy for 400ms L1 measurement period
	Channel
	Ês/Iot(dB)
(cell1/cell2)
	5%
	50%
	95%
	Absolute bias
	Absolute accuracy

	AWGN
	-6
	-1.13
	-0.27
	0.59
	[-1.13,0.59]
	1.13

	
	-3
	-0.90
	-0.27
	0.24
	[-0.90,0.24]
	0.90

	
	0
	-0.50
	-0.14
	0.17
	[-0.50,0.17]
	0.50

	
	3
	-0.30
	-0.07
	0.13
	[-0.30,0.13]
	0.30

	EPA5
	-6
	-0.21
	1.13
	3.43
	[-0.21,3.43]
	3.43

	
	-3
	-0.42
	0.44
	2.13
	[-0.42,2.13]
	2.13

	
	0
	-0.44
	0.13
	1.38
	[-0.44,1.38]
	1.38

	
	3
	-0.38
	0.02
	0.89
	[-0.38,0.89]
	0.89

	EPA70
	-6
	0.07
	1.18
	2.54
	[0.07,2.54]
	2.54

	
	-3
	-0.28
	0.49
	1.56
	[-0.28,1.56]
	1.56

	
	0
	-0.40
	0.16
	0.90
	[-0.40,0.90]
	0.90

	
	3
	-0.38
	0.03
	0.52
	[-0.38,0.52]
	0.52

	ETU5
	-6
	-0.85
	0.13
	1.33
	[-0.85,1.33]
	1.33

	
	-3
	-1.26
	-0.50
	0.28
	[-1.26,0.28]
	1.26

	
	0
	-1.35
	-0.67
	-0.13
	[-1.35,-0.13]
	1.35

	
	3
	-1.32
	-0.67
	-0.26
	[-1.32,-0.26]
	1.32

	ETU70
	-6
	-0.73
	0.17
	1.06
	[-0.73,1.06]
	1.06

	
	-3
	-1.16
	-0.48
	0.14
	[-1.16,0.14]
	1.16

	
	0
	-1.25
	-0.67
	-0.22
	[-1.25,-0.22]
	1.25

	
	3
	-1.20
	-0.69
	-0.34
	[-1.20,-0.34]
	1.20


Table A-4: RSRQ measurement accuracy for 400ms L1 measurement period

	Channel
	Ês/Iot(dB)
(cell1/cell2)
	5%
	50%
	95%
	Absolute bias
	Absolute accuracy

	AWGN
	-6
	-1.02
	-0.18
	0.68
	[-1.02,0.68]
	1.02

	
	-3
	-0.75
	-0.13
	0.35
	[-0.75,0.35]
	0.75

	
	0
	-0.29
	0.07
	0.35
	[-0.29,0.35]
	0.35

	
	3
	-0.02
	0.19
	0.38
	[-0.02,0.38]
	0.38

	EPA5
	-6
	-0.08
	1.22
	3.51
	[-0.08,3.51]
	3.51

	
	-3
	-0.25
	0.58
	2.26
	[-0.25,2.26]
	2.26

	
	0
	-0.24
	0.32
	1.53
	[-0.24,1.53]
	1.53

	
	3
	-0.15
	0.26
	1.09
	[-0.15,1.09]
	1.09

	EPA70
	-6
	0.19
	1.27
	2.61
	[0.19,2.61]
	2.61

	
	-3
	-0.13
	0.64
	1.67
	[-0.13,1.67]
	1.67

	
	0
	-0.21
	0.35
	1.08
	[-0.21,1.08]
	1.08

	
	3
	-0.14
	0.26
	0.75
	[-0.14,0.75]
	0.75

	ETU5
	-6
	-0.74
	0.23
	1.44
	[-0.74,1.44]
	1.44

	
	-3
	-1.10
	-0.35
	0.40
	[-1.10,0.40]
	1.10

	
	0
	-1.16
	-0.46
	0.07
	[-1.16,0.07]
	1.16

	
	3
	-1.07
	-0.41
	0.01
	[-1.07,0.01]
	1.07

	ETU70
	-6
	-0.62
	0.26
	1.14
	[-0.62,1.14]
	1.14

	
	-3
	-1.00
	-0.33
	0.29
	[-1.00,0.29]
	1.00

	
	0
	-1.05
	-0.47
	-0.03
	[-1.05,-0.03]
	1.05

	
	3
	-0.94
	-0.43
	-0.09
	[-0.94,-0.09]
	0.94
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