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1 Introduction

A new WI “Further LTE Physical Layer Enhancements for MTC” was approved for rel-13. One of the objectives of this WI is to further enhance cell coverage for MTC UE with over than 15dB.
One LS from RAN1 [R1-150919] was sent to RAN4 asking RAN4 to provide feedback on RSRP and RSRQ measurement performance for Rel-13 low complexity UEs in normal coverage and enhanced coverage. In RAN4#74bis meeting, simulation assumption for e-MTC RRM accuracy evaluation was agreed in [R4-152547]. In RAN4#75, simulation results were summarized in [R4-152673]. Based simulation results, it’s observed that:
· Based on existing CRS based RRM measurement mechanism, RRM measurement accuracy degradation drastically with cell coverage enhancement upper to 15dB.

A WF [R4-153830] was agreed to further evaluate Frequency Offset (FO)- and Time Offset (TO) tracking at enhanced coverage.
In this contribution, further simulation results for timing/frequency tracking performance were provided under enhanced coverage.
2 Simulation assumptions
As agreed in [1], detailed simulation parameters were given in table 1 below.
Table 1: Simulation parameters for Rel-13 MTC RSRP/RSRQ measurement accuracy studies

	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, 400 ms 
	Even further increased measurement period can be considered to evaluate the measurement performance

	Measurement sampling rate
	
	Implementation dependent (NOTE 1)

	L3 filtering
	Disabled
	

	Transmit antenna
	1
	

	Receive antennas
	1 and 2
	Single and double Rx branches, respectively  

	Mobility
	Stationary UEs, mobile UEs
	

	Propagation conditions
	AWGN, ETU and EPA
	

	Doppler Frequency for stationary UEs: ETU and EPA
	1 Hz and 1 Hz, respectively
	

	Doppler Frequency for mobile UEs: ETU and EPA
	30 Hz and 5 Hz, respectively
	

	Channel estimation techniques
	Current method (Rel-8) for RS averaging, 

coherent averaging over multiple sub frames [1], coherent combining of RS over coherent frequency bandwidth [1], increased RS density [1], other techniques are not precluded. 
	Implementation dependent (NOTE 2)

	CP length
	Normal
	

	Carrier frequency
	2 GHz
	

	Ec/Iot
	-18 dB, …, 5 dB
	AWGN noise 

	NOTE 1: Companies are requested to provide the details of the measurement sampling rate for interpretation and comparison of the results

NOTE 2: Companies are requested to provide the details of the RS averaging techniques for interpretation and comparison of the results. 


In order to evaluate TTL and FTL effect on RRM measurement, such cases were evaluated:

· Case 1: Ideal Timing and frequency tracking, no tracking error

· Case2: Realistic timing and frequency tracking and with TO(2us)  and FO(200Hz)
3 Simulation results
Figure1 below shows the absolute RSRP measurement accuracy with ideal timing and frequency tracking (no tracking error). Figure2 below shows the absolute RSRP measurement accuracy for case 2 with realistic timing and frequency tracking and with TO(2us)  and FO(200Hz).
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Figure1: Absolute RSRP accuracy under case 1
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Case 2: Realistic Timing/Frequecy tracking
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Figure1: Absolute RSRP accuracy under case 2
Figure 3~7 below show realistic timing and frequency tracking performance under case2 for AWGN, EPA1Hz, ETU1Hz, EPA5HZ and ETU30Hz.
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Figure3: Timing/Frequency tracking performance under AWGN
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Figure4: Timing/Frequency tracking performance under EPA 1Hz
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Figure5: Timing/Frequency tracking performance under ETU 1Hz
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Figure6: Timing/Frequency tracking performance under EPA 5Hz

[image: image11.emf]0 20 40 60 80

100

200

300

time [s]

Estimated CFO (Hz)

 

 

SNR =0 [dB]

0 20 40 60 80

-500

0

500

1000

time [s]

Estimated CFO (Hz)

 

 

SNR =-6 [dB]

0 20 40 60 80

-1000

0

1000

time [s]

Estimated CFO (Hz)

 

 

SNR =-9 [dB]

0 20 40 60 80

-1000

0

1000

time [s]

Estimated CFO (Hz)

 

 

SNR =-12 [dB]

0 20 40 60 80

-1000

0

1000

time [s]

Estimated CFO (Hz)

 

 

SNR =-15 [dB]

0 20 40 60 80

-1000

0

1000

time [s]

Estimated CFO (Hz)

 

 

SNR =-18 [dB]

[image: image12.emf]0 20 40 60 80

1

2

3

time [s]

Estimated TO (us)

 

 

SNR =0 [dB]

0 20 40 60 80

-5

0

5

time [s]

Estimated TO (us)

 

 

SNR =-6 [dB]

0 20 40 60 80

-10

0

10

time [s]

Estimated TO (us)

 

 

SNR =-9 [dB]

0 20 40 60 80

-10

0

10

time [s]

Estimated TO (us)

 

 

SNR =-12 [dB]

0 20 40 60 80

-10

0

10

time [s]

Estimated TO (us)

 

 

SNR =-15 [dB]

0 20 40 60 80

-10

0

10

time [s]

Estimated TO (us)

 

 

SNR =-18 [dB]


Figure7: Timing/Frequency tracking performance under ETU 30Hz
Based on the simulation results, we can observe that:
· RSRP measurement: RSRP measurement accuracy is robust to timing and frequency error since RSRP measurement is power related estimation which is robust for linear phase rotation between adjacent REs. 
· TTL and FTL performance:
· Under AWGN channel, with SINR lower than -12 dB timing tracking and frequency tracking looping cannot been converged since estimation variation is extreme large 

· Under fading channel, with SINR lower than -9dB timing tracking and frequency tracking looping cannot been converged since estimation variation is extreme large 

Even RSRP measurement accuracy is robust to timing and frequency tracking error, reliable synchronization performance is important for dl receiving and UL transmitting and also has significant effect on control channel and PDSCH demodulation.

Proposal: Reliable synchronization performance should be maintained with cell coverage enhancement region.
4 Conclusion
In this contribution, further simulation results for timing/frequency tracking performance were provided under enhanced coverage.
Based on simulation results, such observations were made:

· Observation1: Under AWGN channel, with SINR lower than -12 dB timing tracking and frequency tracking looping cannot been converged since estimation variation is extreme large 

· Observation2: Under fading channel, with SINR lower than -9dB timing tracking and frequency tracking looping cannot been converged since estimation variation is extreme large 

Considering reliable synchronization performance is important for dl receiving and UL transmitting and also has significant effect on control channel and PDSCH demodulation, such proposal was given:

Proposal: Reliable synchronization performance should be maintained with cell coverage enhancement region.
5 Reference

[1] R1-150919 “LS on measurement performance for MTC”
 [2] R4-152547,”Simulation assumption for Rel-13 eMTC for RSRP/RSRQ”, Ericsson
1/6

