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1. Introduction
In RAN Plenary # 65 meeting, a new WID [1] was approved with following objectives

· Specify a new Rel-13 low complexity UE category/type for MTC operation.

· Target a relative LTE coverage improvement – corresponding to 15 dB for FDD – for the UE category/type defined above and other UEs operating delay tolerant MTC applications
· Provide power consumption reduction for the UE category/type defined above, both in normal coverage and enhanced coverage, to target ultra-long battery life. 
In this paper, synchronization enhancement is discussed for Rel-13 MTC UEs in coverage enhancement mode with or without low complexity, from the perspective of resource overhead and power consumption. 

2. Discussion of Synchronization Enhancement

2.1.  Motivation
In TR 36.888 [2], to achieve 20dB coverage extension, it needs up to 2 second sync acquisition time per center carrier frequency for FDD under current PSS/SSS signal design. However, such a long acquisition time will result in poor power consumption for UEs with coverage enhancement. Referenced to power consumption analysis in [3], 1J energy will be needed for synchronization acquisition. Assuming UE wake up to transmit data per hour, the battery life of a 5w-h capacity battery is less than 2 years, which is far away from a 10-year target battery life. As part of work for UE power consumption reduction in CE mode, it’s recommended to consider a new synchronization design or make some enhancement to current design, to support coverage enhancement. 
Moreover, UEs still need some time to do a finer channel frequency offset (CFO) estimation through CRS after synchronization, which will also increase UE power consumption. Then, it will be helpful if UEs can have an accurate estimation of channel status during synchronization acquisition, especially under lower mobility or stationary scenario. Therefore, it may be worthwhile to introduce a new synchronization channel with higher density for fast synchronization acquisition to reduce power consumption. In the following section, we provide some simulations and analysis for power consumption and resource overhead for synchronization and frequency offset estimation.  
2.2. Power consumption and resource overhead
Assuming sequence length of mSYNC is same as PSS/SSS and a successful acquisition by only one detection, 10 repetitions of mSYNC within 10 OFDM  symbols can bridge about 10 dB coverage gap with a delay of 0.7ms, while a delay of 50 ms will be expected under repeated PSS/SSS since PSS/SSS is transmitted with a 5ms interval. From this perspective, it will be beneficial for UEs to detect mSYNC after wake up for transmission/reception. 

Table 1 compares power consumption of synchronization acquisition by PSS/SSS and mSYNC under different coverage enhancement targets, referenced to power consumption analysis in [3].  The simulation assumption is given in Appendix. Note that the delay part comprises a detection delay and clock drift. The detection delay means synchronization delay obtained by simulation. The clock drift is introduced due to crystal accuracy. A typical 10 ppm accuracy for crystal generating internal clocks in device  is assumed, corresponding to a drift of 300 Ts per second. Then, UE will wake up about 35.1 ms earlier to detect mSYNC per hour.

It can be found from this table that power consumption is reduced by more than 50%, compared to legacy PSS/SSS. Then, the battery life can be doubled. Note that mSYNC is transmitted intermittently within 10 OFDM symbols per subframe with 1ms transmission window and 2ms transmission window to support 5dB and 10/15 dB coverage enhancement.  
Observation #1: A high density SYNC channel can reduce synchronization acquisition time so that to reduce the power consumption. 
Table 1 Power consumption comparison

	
	+5dB coverage
	+10dB coverage
	+15dB coverage

	
	Legacy PSS/SSS
	mSYNC
	Legacy PSS/SSS
	mSYNC
	Legacy PSS/SSS
	mSYNC

	Delay (ms)
	750 
	280 + 35.1
	1200
	480 + 35.1
	1950
	920 + 35.1

	Energy
 (J)
	0.375
	0.158
	0.6
	0.26
	0.975
	0.48


Obviously, mSYNC for fast acquisition may introduce some resource overhead. Following current sequence design, the resource overhead calculation can be expressed as 

R_mSYNC = (72 / 12*N_DL_RB)*(T_mSYNC / (N_tw * 14))
where N_symb is OFDM symbol number per subframe for mSYNC, T_mSYNC is the duration length of mSYNC, N_tw is the time window for synchronization detection, N_DL_RB is downlink bandwidth.

While PSS/SSS is transmitted every 5ms, the overhead can be expressed as 

R_PSS/SSS = 72/(12*N_DL_RB ) * (T_PSS/SSS/(N_tw*14)=72/(12*N_DL_RB ) * (2/(5*14)

For example, with a time window of 100ms (N_tw = 100), mSYNC duration is (T_mSYNC =) 2ms and (N_symb=)10 OFDM symbols per ms. Then resource overhead by mSYNC is 1.43% under 1.4MHz bandwidth, while R_PSS/SSS is 2.86%. If taking a time window of 1024ms, resource overhead by mSYNC can be neglected. 
From above analysis, it can be observed that
Observation #2: A new SYNC channel can reduce synchronization delay without introducing much resource overhead. 
2.3. Application scenario
Such mSYNC can be deployed in a narrow 1.4MHz, which locates in a wide bandwidth, for UEs with coverage enhancement and low complexity. The frequency location of mSYNC can be specified, as long as bandwidth is known to UEs already. One application scenario is UEs always detect mSYNC from waking up after access to network. 

 Further, mSYNC can be deployed in a stand-alone 1.4MHz system, which is not backward compatible. Then, all UEs will detect mSYNC for synchronization. 

Observation #3: mSYNC design can consider a non backward compatible system. 
Proposal # 1: Consider introducing a new SYNC channel (mSYNC) supporting finer CFO estimation and fast acquisition for LC UEs with coverage enhancement from the perspective of power consumption.
3. Conclusion
In this paper, we discussed motivations to introduce a new SYNC channel for UEs with coverage enhancement. From the analysis, we have following observations

 Observation #1: A high density SYNC channel can reduce synchronization acquisition time so that to reduce the power consumption. 
Observation #2: A new SYNC channel can reduce synchronization delay without introducing much resource overhead. 

Observation #3: mSYNC design can consider a non backward compatible system. 
Then, we propose that 

Proposal # 1: Consider introducing a new SYNC channel (mSYNC) supporting finer CFO estimation and fast acquisition for LC UEs with coverage enhancement from the perspective of power consumption.
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Appendix

Table A. 1  Simulation assumption
	Value
	Parameter

	BW (MHz)
	10

	Working SNR of normal coverage
	-5

	Maximal detection window (ms)
	100

	CFO threshold (KHz)
	3.75

	OFDM symbol number for mSYNC within a subframe
	10


	Transmission window of mSYNC (ms)
	1 (+5dB CE)

2 (+10dB/+15dB CE)

	Trial number
	1000

	Channel Type
	EPA

	Carrier frequency (KHz)
	2000

	








