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1 Introduction
In addition to ensuring that service coverage of LTE MTC is not worse than GSM/GPRS, another 20 dB improvement in coverage in comparison with defined LTE cell coverage for “normal LTE UEs” should be targeted for low-cost MTC UEs in some extreme coverage scenarios. This contribution presents the simulation results of PSS/SSS detection in a low SINR environment to evaluate whether coverage enhancement for PSS/SSS detection is needed for LTE low-cost MTC. 
2 Cell Search for Low-cost MTC 
When a UE wishes to access the network, it must first undertake a cell search procedure. It consists of several stages by which the UE can determine time and frequency parameters that are necessary to receive and transmit signals with correct timing and carrier frequency. The UE also acquires the physical-layer cell identity during the cell search. To summarize, three requirements can be identified in LTE cell search procedure: frame & symbol timing acquisition, carrier frequency synchronization, and physical-layer cell identity acquirement.
Cell search for low-cost MTC UEs in extreme coverage scenarios may have some specific characteristics: 
· No or limited mobility, in which seamless handover is not required. Therefore the delay requirement for the cell search procedure can be relaxed.
· The physical-layer cell identity to be detected by the MTC device seldom changes. The requirements of cell search become simply timing and carrier frequency acquisition, and the acquirement of the cell identity is needed only at power-on or when the cell deployment changes so that the serving cell of the MTC device switches to another. 
In the next section, we will assess by simulations whether coverage enhancement for cell search is needed for low-cost MTC UEs. In this evaluation, we should bear in mind that 1) the delay requirement of cell search for low-cost MTC devices is less strict than for normal UEs since seamless handover is not needed for the former, and 2) for MTC UEs with no mobility, the acquisition of the cell identity is generally unnecessary after powering on. 
3 Simulation Assumptions and Performance Results
Table 1 gives the simulation assumptions of the PSS/SSS detection performed by a LTE low-cost MTE device. 

	Table 1. Simulation assumptions of PSS/SSS detection

	Parameter
	Value

	Bandwidth
	1.4 MHz

	Frame structure type
	FDD

	Carrier frequency
	2.0 GHz

	Cyclic prefix type
	Normal

	Antenna configuration
	2x2, low correlation

	Channel model
	EPA

	Doppler shift
	2 Hz

	Initial frequency error
	20 KHz

	Residual frequency error
	1 KHz

	SINR
	-20 dB

	PSS/SSS detection algorithms
	Non-coherent combining for consecutive candidate PSS/SSS instances 


Some comments about the simulation assumptions are made below. 

· Initial/Residual frequency error: The initial frequency error of the LO is set to be 20 KHz (or 10ppm @2GHz). Depending on the implementation, the UE may try to detect PSS to acquire frequency at a certain step size (e.g., 1KHz as agreed in the above table). The step size also means the same amount of residual frequency error after coarse frequency acquisition. 
· Value of SINR: It was agreed that the maximum coupling loss (MCL) for a low-cost LTE MTC device is targeted at 160.7 dB (i.e., 20dB over the MCL of the weakest channel). The corresponding “required SINR” for synchronization channel is equal to -19.3 dB according to Table 5.2.1.2-2 of [1]. In our simulations, the value of SINR is set as -20 dB.
· PSS/SSS detection algorithms: The estimate of frequency error is normally performed together with PSS detection. Thus, the UE is unaware of the frequency error when doing PSS detection, and therefore the detector (correlator) outputs at adjacent candidate PSS instances should be non-coherently combined. For SSS detection, even if the coarse frequency was correctly acquired from PSS, the residual error is in general too large to do coherent combining for outputs at consecutive candidate SSS instances. For example, suppose the residual frequency error is 1/M of the subcarrier spacing (from implementation perspective, it is reasonable to assume the average of M is 8 or 16). In this case, the time domain signal has a phase rotation of 2 roughly every M OFDM symbols. As SSS of the same format appears every 140 OFDM symbols, the phase different of two consecutive SSS instances is several multiples of 2.
Observation 1: When the frequency error between eNB and UE is taken into account, it is not reasonable to do coherent combining for outputs at consecutive candidate PSS/SSS instances.
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	Figure 1. ROC curves of PSS detection with observation lengths indicated on the curves.


Figure 1 gives the receiver operating characteristic (ROC) curves of PSS detection. The horizontal- and vertical-axes are the false alarm probability and detection probability of PSS detection, respectively. The PSS is “detected” if both the symbol timing and the physical-layer identity
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are correctly found. A “false alarm” occurs if the detector declares a PSS is found with either wrong symbol timing or wrong physical-layer identity. There are six curves shown in Figure 1. They represent the ROC curves when the observations have lengths of [25, 125, 250, 375, 500, 625] msec, corresponding to [5, 25, 50, 75, 100, 125] candidate PSS instances. It is observed that the detection performance improves with the length of observation. The performance improvement is obvious when the observation length increase from 25 msec to 625 msec. For the observation lengths of 500 and 625 msec, the detection probabilities are above 95% and 99%, respectively, given a false alarm rate of 0.1%. 
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	Figure 2. ROC curves of cell detection with the observation lengths of SSS indicated on the curves. The PSS observation length is fixed as 625 msec for all curves. 


	

	


Figure 2 shows the ROC curves for cell detection, where the observation length of PSS detection is fixed to be 625 msec, and the observation length of SSS is indicated on each of the curves. An observation length of T msec for SSS corresponds to “T msec/5 msec” candidate SSS instances. Although the sequences at consecutive SSS are different, non-coherent combining of consecutive SSS is still possible by hypothesizing a certain subframe containing PSS to be subframe 0 or 5 and using the corresponding SSS sequence for correlation computation. The cell is “detected” if the start position of a radio frame, the physical-layer cell-identity group
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are correctly found. A “false alarm” occurs if the detector declares a cell is found where either the frame start position or the physical-layer cell identity
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 is wrong. For the observation length of (700+625) msec, i.e. sum of PSS and SSS observation lengths, the cell detection probability is equal to 93.8% given the false alarm rate of 0.1%, and the detection probability is above 95% with the false alarm rate 1%. 
For low-cost MTC UEs with extreme coverage scenario, the cell search delay can be significantly relaxed. The RAN4 requirement for PSS/SSS detection is that the 90-percentile cell detection time is less than 600 msec (without including the time for RSRP measurement) [2]. Based on the results demonstrated in Figures 1 and 2, the time required to successfully detect PSS/SSS at MCL = 160.7dB is longer than 600 msec in the environments of the simulation settings. As stated earlier, seamless handover is not required for low-cost MTC; therefore, the cell search delay requirement for low-cost MTC UEs should be less strict than for normal UEs. We have the following observation and proposal according to the simulation results.
Observation 2: Under the environments of the agreed simulation assumptions, for PSS/SSS, 20dB improvement in coverage compared to normal LTE UEs can be achieved with a longer PSS/SSS detection delay than the current RAN4 requirements. No RAN1 specification change is needed. The non-coherent PSS/SSS detection algorithms do not require additional data buffers compared with normal LTE UEs.
Proposal 1: Suggest RAN4 to relax the requirements of the PSS/SSS detection delay for low-cost MTC UEs. 
4 Text Proposal
-------------------------------------------------------Start of TP (Sec 9.5.1)---------------------------------------------

9.5.1. PSS/SSS
Same as normal operation, PSS/SSS processing to acquire timing and frequency and obtain cell ID is required for MTC UEs in extreme coverage scenarios. Under frequency error between eNB and UE, PSS/SSS processing may not allow coherent combining over consecutive PSS/SSS instances. Nevertheless, under the agreed simulation condition (see table), a longer processing window can be relied upon to meet the enhanced coverage target. For example, at -20dB SINR, with observation lengths of 500 and 625 msec, the PSS detection probabilities are above 95% and 99%, respectively, given a false alarm rate of 0.1%. For a total observation length of (625+700) msec, i.e. sum of PSS and SSS observation lengths, the cell detection probability is equal to 93.8% given the false alarm rate of 0.1%, or the detection probability reaches above 95% at a slightly increased false alarm rate 1%. 
Since seamless cell reselection is not required for MTC UEs in extreme coverage conditions; frequent and fast cell search will not be required. The current RAN4 requirement for PSS/SSS detection, the 90-percentile cell detection time in less than 600 msec, should be relaxed.  

	Table 1. Simulation assumptions of PSS/SSS detection

	Parameter
	Value

	Bandwidth
	1.4 MHz

	Frame structure type
	FDD

	Carrier frequency
	2.0 GHz

	Cyclic prefix type
	Normal

	Antenna configuration
	2x2, low correlation

	Channel model
	EPA

	Doppler shift
	2 Hz

	Initial frequency error
	20 KHz

	Residual frequency error
	1 KHz

	SINR
	-20 dB

	PSS/SSS detection algorithms
	Non-coherent combining for consecutive candidate PSS/SSS instances 


  -------------------------------------------------------end of TP (Sec 9.5.1)---------------------------------------------

5 Conclusion
In this contribution, simulation results were demonstrated to assess whether a 20 dB improvement of PSS/SSS detection in coverage in comparison to defined LTE cell coverage for “normal LTE UEs” can be achieved. Based on the simulation results, we had the following observations and proposal:
Observation 1: When the frequency error between eNB and UE is taken into account, it is not reasonable to do coherent combining for outputs at consecutive candidate PSS/SSS instances.
Observation 2: Under the environments of the agreed simulation assumptions, for PSS/SSS, 20dB improvement in coverage compared to normal LTE UEs can be achieved with a longer PSS/SSS detection delay than the current RAN4 requirements. No RAN1 specification change is needed. The non-coherent PSS/SSS detection algorithms do not require additional data buffers compared with normal LTE UEs.
Proposal 1: Suggest RAN4 to relax the requirements of the PSS/SSS detection delay for low-cost MTC UEs. 
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