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1 Introduction

A new work item “Low cost & enhanced coverage MTC UE for LTE” was introduced in Rel-12. Due to low cost and 1Rx, new RRM core/performance requirements need to be evaluated and introduced in specs for such type of UE.
In RAN4#71, it’s agreed to introduce RSRP/RSRQ requirements based on such guidelines in [1]:

· L1 measurement period for LC-MTC:  
· Option1: 400ms with 80ms gap;
· Option2: 200ms with 40ms gap
· Measurement accuracy: To compare the difference in RSRP/RSRQ measurement accuracies between 1 Rx and legacy UE (i.e. with 2 Rx), then based on the comparison, defining performance requirements

 In RAN4#71 RRM-AH, such agreements were achieved in [2]:
· L1 measurement period for LC-MTC: 400ms with 80ms gap

· Measurement accuracy: based on results compared legacy 2Rx case, relax Rel-8 requirements with [1dB]

However, some companies have concern on requirements relaxtion, and propose to further evaluate 400ms with 40ms gap to check whether such relaxtion is needed.
In this contribution, we provide updated simulation results for RSRP and RSRQ accuracy for low- MTC UE according to the agreed assumptions.
2 Simulation assumptions
The detailed simulation assumptions are listed in below as agreed in [3].
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
	200ms for legacy UE with 2 Rx antennas

	Measurement sampling rate
	40ms,80ms
	

	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
During simulation, for MTC UE with 1Rx antenna, two cases with 80ms and 40ms measurement gap separately in 400ms measurement period were evaluated.Furthermore, RSRP/RSRQ measurement accuracy for legacy UE i.e. with 2Rx antennas, 200ms measurement period and 40ms gap was also supplied for reference.
Table 2, table 3, and table 4 summarized absolute RSRP measurement accuracy under above 3 cases for AWGN, EPA5Hz and ETU70Hz channel separately. 

Table 2: Absoulte RSRP accuracy results under AWGN channel
	Channel-AWGN
	SNR(dB)
	5%
	50%
	95%
	Δ(5,95)
	Absolute accuracy

	1Rx-400ms-80ms gap
	-6
	-2
	0
	1.4
	3.4
	2

	
	-3
	-1
	0
	1
	2
	1

	
	0
	-0.8
	0
	0.7
	1.4
	0.8

	
	3
	-0.5
	0
	0.5
	1
	0.5

	1Rx-400ms-40ms gap
	-6
	-1.2
	0
	1.1
	2.3
	1.2

	
	-3
	-0.7
	0
	0.7
	1.4
	0.7

	
	0
	-0.5
	0
	0.5
	1
	0.5

	
	3
	-0.3
	0
	0.4
	0.7
	0.4

	2Rx-200ms-40ms gap
	-6
	-0.2
	1.1
	2.1
	2.3
	2.1

	
	-3
	-0.1
	0.7
	1.5
	1.6
	1.5

	
	0
	-0.1
	0.5
	1.1
	1.1
	1.1

	
	3
	0
	0.4
	0.7
	0.8
	0.7


Table 3: Absoulte RSRP accuracy results under EPA5Hz channel
	Case-EPA5Hz
	SNR(dB)
	5%
	50%
	95%
	Δ(5,95)
	Absolute accuracy

	1Rx-400ms-80ms gap
	-6
	-1.6
	0
	1.3
	2.9
	1.6

	
	-3
	-1.2
	0
	0.9
	2.1
	1.2

	
	0
	-0.9
	0
	0.9
	1.8
	0.9

	
	3
	-0.6
	0
	0.5
	1.1
	0.6

	1Rx-400ms-40ms gap
	-6
	-1.1
	0
	0.9
	2
	1.1

	
	-3
	-0.7
	0
	0.7
	1.4
	0.7

	
	0
	-0.6
	0
	0.6
	1.2
	0.6

	
	3
	-0.4
	0
	0.3
	0.7
	0.4

	2Rx-200ms-40ms gap
	-6
	-1
	0.1
	1.1
	2.2
	1.1

	
	-3
	-0.9
	0.1
	1
	1.9
	1

	
	0
	-0.6
	0
	0.6
	1.2
	0.6

	
	3
	-0.5
	0
	0.5
	0.9
	0.5


Table 4: Absoulte RSRP accuracy results under ETU70Hz channel
	Case-ETU70Hz
	SNR(dB)
	5%
	50%
	95%
	Δ(5,95)
	Absolute accuracy

	1Rx-400ms-80ms gap
	-6
	-3.1
	-0.8
	0.7
	3.8
	3.1

	
	-3
	-2.4
	-0.9
	0.2
	2.7
	2.4

	
	0
	-2.5
	-1
	0
	2.5
	2.5

	
	3
	-2
	-0.9
	-0.2
	1.8
	2

	1Rx-400ms-40ms gap
	-6
	-2.3
	-0.8
	0.3
	2.6
	2.3

	
	-3
	-1.9
	-0.9
	-0.1
	1.8
	1.9

	
	0
	-1.9
	-1
	-0.3
	1.6
	1.9

	
	3
	-1.6
	-0.9
	-0.4
	1.2
	1.6

	2Rx-200ms-40ms gap
	-6
	-1.8
	-0.4
	0.8
	2.5
	1.8

	
	-3
	-1.5
	-0.5
	0.4
	1.9
	1.5

	
	0
	-1.4
	-0.5
	0.1
	1.5
	1.4

	
	3
	-1.3
	-0.6
	-0.1
	1.2
	1.3


Table 5, table 6, and table 7 summarized absolute RSRQ measurement accuracy under above 3 cases for AWGN, EPA5Hz and ETU70Hz separately. 

Table 5: Absoulte RSRQ accuracy results under AWGN channel
	Case-AWGN-RSRQ 
	SNR(dB) 
	5% 
	50% 
	95% 
	Δ(5,95) 
	Absolute accuracy 

	1Rx-400ms-80ms gap 
	-6 
	-1.8 
	0.0 
	1.2 
	3.0 
	1.8 

	
	-3 
	-0.9 
	0.0 
	0.7 
	1.6 
	0.9 

	
	0 
	-0.6 
	0.0 
	0.4 
	1.0 
	0.6 

	
	3 
	-0.3 
	0.0 
	0.3 
	0.6 
	0.3 

	1Rx-400ms-40ms gap 
	-6 
	-1.2 
	-0.1 
	0.9 
	2.1 
	1.2 

	
	-3 
	-0.6 
	0.0 
	0.5 
	1.1 
	0.6 

	
	0 
	-0.4 
	0.0 
	0.3 
	0.7 
	0.4 

	
	3 
	-0.2 
	0.0 
	0.2 
	0.4 
	0.2 

	2Rx-200ms-40ms gap 
	-6 
	-0.2 
	0.9 
	1.8 
	2.0 
	1.8 

	
	-3 
	-0.1 
	0.6 
	1.1 
	1.2 
	1.1 

	
	0 
	-0.1 
	0.3 
	0.7 
	0.7 
	0.7 

	
	3 
	0.0 
	0.2 
	0.4 
	0.4 
	0.4 


Table 6: Absoulte RSRQ accuracy results under EPA5Hz channel
	Case-EPA5Hz-RSRQ
	SNR(dB)
	5%
	50%
	95%
	Δ(5,95)
	Absolute accuracy

	1Rx-400ms-80ms gap
	-6
	-1.5
	0.0
	1.2
	2.7
	1.5

	
	-3
	-1.1
	0.0
	0.8
	1.9
	1.1

	
	0
	-0.8
	0.0
	0.7
	1.5
	0.8

	
	3
	-0.5
	0.0
	0.4
	0.9
	0.5

	1Rx-400ms-40ms gap
	-6
	-1.0
	0.0
	0.8
	1.9
	1.0

	
	-3
	-0.7
	0.0
	0.5
	1.2
	0.7

	
	0
	-0.5
	0.0
	0.5
	1.0
	0.5

	
	3
	-0.3
	0.0
	0.3
	0.6
	0.3

	2Rx-200ms-40ms gap
	-6
	-1.0
	0.1
	1.0
	1.9
	1.0

	
	-3
	-0.7
	0.1
	0.8
	1.5
	0.8

	
	0
	-0.4
	0.0
	0.5
	0.9
	0.5

	
	3
	-0.3
	0.0
	0.3
	0.6
	0.3


Table 7: Absoulte RSRQ accuracy results under ETU70Hz channel
	Case-ETU70Hz-RSRQ
	SNR(dB)
	5%
	50%
	95%
	Δ(5,95)
	Absolute accuracy


	1Rx-400ms-80ms gap
	-6
	-3.1
	-0.9
	0.5
	3.6
	3.1

	
	-3
	-2.5
	-0.9
	0.0
	2.5
	2.5

	
	0
	-2.5
	-1.1
	-0.3
	2.3
	2.5

	
	3
	-2.2
	-1.1
	-0.5
	1.7
	2.2

	1Rx-400ms-40ms gap
	-6
	-2.4
	-0.9
	0.2
	2.5
	2.4

	
	-3
	-1.9
	-1.0
	-0.2
	1.7
	1.9

	
	0
	-2.0
	-1.1
	-0.5
	1.5
	2.0

	
	3
	-1.8
	-1.1
	-0.7
	1.1
	1.8

	2Rx-200ms-40ms gap
	-6
	-1.7
	-0.4
	0.5
	2.2
	1.7

	
	-3
	-1.4
	-0.5
	0.2
	1.6
	1.4

	
	0
	-1.3
	-0.6
	-0.1
	1.2
	1.3

	
	3
	-1.3
	-0.7
	-0.2
	1.0
	1.3


3.2 Observations
Table 8 and table 9 below summarized absolute RSRP/RSRQ accuracy under -6dB with 80ms and 40ms gap, and the bias compared to legacy UE (2Rx) accuracy were also summarized.
Table 8: Absoulte RSRP accuracy at -6dB and bias compared to legacy UE with 2Rx 
	Channel Model
	1Rx with 80ms gap
	1Rx with 40ms gap
	Bias vs 2Rx

(1Rx 80ms gap)
	Bias vs 2Rx

 (1Rx 40ms gap)

	AWGN
	2
	1.2
	-0.1
	-0.9

	EPA5Hz
	1.6
	1.1
	0.5
	0.0

	ETU70Hz
	3.1
	2.3
	1.3
	0.5


Table 9: Absoulte RSRQ accuracy at -6dB and bias compared to legacy UE with 2Rx
	Channel Model
	1Rx with 80ms gap
	1Rx with 40ms gap
	Bias vs 2Rx

(1Rx 80ms gap)
	Bias vs 2Rx

 (1Rx 40ms gap)

	AWGN
	1.8 
	1.2 
	0.0 
	-0.6 

	EPA5Hz
	1.5 
	1.0 
	0.5 
	0.0 

	ETU70Hz
	3.1 
	2.4 
	1.4 
	0.7 


Based on above simulation results and summary, it can be observed:
· With 80ms measurement gap, at SNR -6dB, absolute RSRP/RSRQ within 3dB and compared to legacy 2Rx case, 0~1.3dB bias observed depending on channel model. It’s confirmed the feasibility with the proposal to relax requirements [1] dB in WF [R4-71AH-0105].
· With 40ms measurement gap, at SNR -6dB, absolute RSRP/RSRQ within 2.5dB and compared to legacy 2Rx case, -0.9~0.7dB bias observed depending on channel model. 

Based on observation and simulation results, regarding accuracy performance requirements, two alternatives can be considered
· Alt1: As agreed in WF[2], 400ms measurement period with 80ms gap, relax requirements 1dB
· Alt2: 400ms measurement period with 40ms gap, relax requirements 0.5dB
We prefer alternative 1 since longer measurement gap can bring lower power consumption.
4 Conclusion

In this contribution, we provide the simulation results for RSRP and RSRQ accuracy for MTC UE with 1 receiver antenna. Based on the simulation results, such observations and proposals are made.
Observation 1: With 80ms measurement gap, at SNR -6dB, absolute RSRP/RSRQ within 3dB and compared to legacy 2Rx case, 0~1.3dB bias observed depending on channel model. It’s confirmed the feasibility with the proposal to relax requirements [1] dB in WF [R4-71AH-0105].
Observation 2: With 40ms measurement gap, at SNR -6dB, absolute RSRP/RSRQ within 2.5dB and compared to legacy 2Rx case, -0.9~0.7dB bias observed depending on channel model. 

Proposal1 1: Relax performance requirmenst with 1dB with 400ms measurment period and 80ms gap.
5 Reference

[1] R4-143834, ”Way forward on LC-MTC UE RRM requirements”, Ericsson, Huawei, Hisilicon, Alcatel-Lucent, Samsung, Intel Corporation 
[2] R4-71-AH-0105, “Wayforward on RSRP/RSRQ and cell identification requirements for LC-MTC”,Huawei
[3] R4-141085, “Link simulation assumptions for RSRP RSRQ for low-cost MTC with 1 Rx”, Ericsson, Huawei, HiSilicon, Vodafone
5/5

