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Introduction
Synchronization performance is critical for receiver and such topic was discussed in RAN1#82 meeting. Based on agreements PBCH repetitions could be considered for improving frequency tracking loop operation. Details are as follows. 
Agreement:
· In subframes with PBCH repetition:
· CSI-RS punctures PBCH repetition REs
· Working assumption: consider mapping PBCH repetition symbols for improving frequency tracking loop operation 
· FFS detailed mapping (within and across subframes)
· FFS: signal if the eNB is using PBCH repetition, e.g. for R13 or later regular UEs to rate match around

This document shows our evaluation results on frequency domain synchronization based on PBCH/PSS/SSS. 
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Evaluation methods on frequency synchronization 
PBCH based FO estimation [1]: correlation between repeated OFDM symbols then average in both time and frequency domains, shown in Fig.1. The obtained one subframe result is averaged 10 times or 100 times.
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Figure 1 PBCH based FO estimation [1]
PSS/SSS based FO estimation: correlation between SSS and PSS over the frequency domain in one subframe. The obtained one subframe result is averaged 10 times or 100 times.
The other simulation assumptions are shown in Appendix.
We didn't evaluate PSS collision issue among different PCID. We didn't evaluate the frequency estimation among different PBCH subframes. These may make the performance more difference.

Simulation results
Our simulation results on SNR -15 dB condition are shown in Fig.2. We have following observations, 
· PBCH 10 times averaging shows similar performance with PSS/SSS 100 times averaging. PBCH 10 times averaging requires totally 50ms assuming two subframes PBCH transmission in a radio frame and PSS/SSS 100 times averaging requires 500ms assuming 5ms internal as well. PBCH based solution would reduce UE power consumption significantly. The reason of the performance improvement based on PBCH repetitions would be more REs for averaging and finer accuracy.
· ±0.1 PPM at 2 GHz corresponds to ±200 Hz frequency offset. When frequency synchronization is within certain range like ±200 Hz, multiple subframe based frequency offset estimation based CRS or PBCH is possible. Using such technique, we expect ±0.1 PPM at 2 GHz would be feasible even -15dB condition.
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Figure 2 FO estimation 

Conclusion
In this contribution, we discussed evaluation results on frequency domain synchronization based on PBCH/PSS/SSS. Based on the observations, we propose 
Proposal 1: Confirm the working assumption to use PBCH as frequency tracking.
Reference 
[1] R1-153851, “PBCH repetition for MTC”, Qualcomm
Appendix 

	Parameters
	Value

	Number of antennas
	2×1 with low correlation

	Transmission mode
	1

	Frame Structure
	Type 1: FDD

	Channel model
	EPA (Doppler frequency, fD=1Hz)

	Frame format
	Central 6RB

	Carrier frequency
	2GHz

	System bandwidth
	20MHz

	 Modulation order
	QPSK for PBCH

	Timing error
	Ideal

	Transmit power control error
	Ideal

	Frequency offset
	0 Hz

	Estimation over number of subframe
	Within one subframe: 
1 per frame; 10 subframes, 100 subframes
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