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1 Introduction
A new work item “Low cost and enhanced coverage MTC UE for LTE” was approved at the RAN#60. One of the general objectives of the new work item is to provide a relative LTE coverage improvement – corresponding to 15dB for FDD - for the MTC UE with respect to normal LTE UE category 1 with the following techniques [1]:

· Repetition/TTI bundling and extension to PSD boosting for applicable channels/signals identified during study phase.

Evaluation and/or analysis of potential solutions to achieve the improvement are applicable for various physical channels and signals. For synchronization signals (PSS/SSS), the existing signals are already transmitted periodically. It was observed in technical report [2] that coverage enhancements for the synchronization signals can be achieved by non-coherent accumulation of the existing signals with a longer acquisition time during initial synchronization.
On the other hand, RAN2 started investigating the mobility issues for low cost MTC UEs. In the reply LS from RAN WG2 [3], they agreed to support existing connected mode mobility procedures for enhanced coverage capable MTC UEs, while the investigations are FFS for the idle mode mobility support. If mobility should be supported for low cost MTC UEs with enhanced coverage, the neighboring cell search complexity at the UE would significantly increase.
In this contribution, we provide further simulation results on PSS/SSS detection performance with different acquisition time and false alarm probability to evaluate whether the non-coherent accumulation with longer acquisition time is a feasible solution to improve the PSS/SSS coverage for low-cost MTC UEs. We also discuss mobility support issues for low cost MTC UEs with enhanced coverage mode.
2 PSS/SSS Coverage Enhancement Solutions and Impacts
During the study item phase, some technical solutions for PSS/SSS coverage enhancement were identified:

· Non-coherent accumulation of the existing signals with a longer acquisition time
· PSD boosting

· New PSS/SSS signal

Since existing PSS/SSS signals are already transmitted periodically (5ms/10ms for PSS/SSS), energy accumulation with non-coherent combining of each instance over longer time is a possible solution which requires no change in RAN1 specification. Also, currently RAN4 does not have any requirement on the initial synchronization acquisition time. However, UE power consumption will increase due to longer reception time.

Regarding PSD boosting, the REs in the same OFDM symbols for PSS/SSS need to be reserved to borrow the power from those REs, which would cause the scheduling restriction. In addition, the solution may have a limitation in small system bandwidth such as 1.4MHz. Therefore, PSD boosting would not be a universal solution applicable for the broad coverage enhancement scenarios targeting 15dB gain.

Designing new PSS/SSS signals may be considered if longer acquisition time and associated larger power consumption are not acceptable. However, introduction of the new signals requires greater specification changes and product development efforts. It will also degrade the cell spectral efficiency due to the transmission of new PSS/SSS in addition to the legacy PSS/SSS transmission.
3 Evaluation of PSS/SSS Detection for Low-cost MTC
According to the maximum coupling loss (MCL) in [2] and assuming 15dB coverage enhancement target for FDD, the target MCL is calculated in the table below:

Table 1. Summary of MCL and target MCL for LTE FDD

	 
	PUCCH (1a)
	PRACH
	PUSCH
	PDSCH
	PBCH
	SCH
	PDCCH (1A)

	MCL (dB)
	147.2
	141.7
	140.7
	145.4
	149
	149.3
	146.1

	Target MCL (dB)
	155.7
	155.7
	155.7
	155.7
	155.7
	155.7
	155.7


The required gain for PSS/SSS is 6.4dB according to the table, and the target operating SINR is -14.2dB since the reference SINR for PSS/SSS for normal LTE UE is -7.8dB [2]. This target operating SINR is used in the simulations below.

With the low operating SINR target for PSS/SSS, energy accumulation over time is a straightforward solution. The detection of PSS/SSS is done using non-coherent combining every 5ms within the given acquisition time. Non-coherent combining does not require any prior information about the channel. 
The cell detection is performed after multiple accumulations over the long time. In the simulations, PSS is considered correctly detected if both the symbol timing and physical-layer identity NID(2) are correctly detected. Also, the SSS is correctly detected if both the frame timing and physical-layer identity NID(1) are correctly detected. 

Table 2 gives simulation assumptions [2] for PSS/SSS detection for enhanced coverage mode. 

Table 2. Simulation assumptions for PSS/SSS detection

	Parameter
	Value

	System bandwidth
	1.4 MHz

	Frame type
	FDD

	Carrier frequency
	2.0 GHz

	Antenna configuration
	1x1 and 2x1 with low correlation

	TxD for 2x1
	UE transparent PVS (Precoding Vector Switching; [+1 +1] at subframe 0 and [+1 -1] at subframe 5)

	Channel model
	EPA-1Hz

	Frequency offset
	1 kHz

	Performance target
	10% miss probability
0.1% false alarm probability


We applied the false alarm detection in evaluating the PSS/SSS detection performances. The threshold value is determined such that the false alarm rate is 0.1% under noise only environment. For MTC device, higher false alarm rate will increase the  waste of time, power, and processing resources.

Both single and two transmit antennas are assumed for the evaluations. It is stated in [4] that “The UE shall not assume that any transmission instance of the primary synchronization signal is transmitted on the same antenna port, or ports, used for any other transmission instance of the primary synchronization signal.”. With this condition, one possible virtualization to facilitate single antenna port scheme using 2 Tx would be precoding vector switching (PVS) [5] which uses the precoding vector of [+1 +1] at subframe 0 and of [+1 -1] at subframe 5. 

The detection performances for PSS/SSS are shown in Figures 1, for the initial acquisition case, i.e., cell ID is not known to UE. As can be seen in the figure, 90% detection probability for PSS/SSS can be achieved within 480ms/480ms (PSS/SSS accumulation time); 960ms in total with one transmit antenna port, and 300ms/300ms; 600ms in total with TxD, for a false alarm probability of 0.1%.
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Figure 1. PSS/SSS detection performance for initial acquisition case (A ms/B ms in the legend represent the accumulation times for PSS/SSS, respectively)
In the MTC applications, where the UE is stationary in most cases, once the UE successfully performs an initial acquisition, the cell ID is known to the UE and the re-acquisition thereafter will require less accumulation time.

Observation: For 15dB coverage enhancement target, the total required accumulation time for PSS/SSS detection for 10% miss detection and 0.1% false alarm probability is 960ms with one transmit antenna port, and 600ms with two transmit antenna ports. The re-acquisition will be faster once the initial acquisition has been successful.
Proposal 1: The coverage enhancement of PSS/SSS for coverage limited MTC UEs is not specified for initial acquisition as it can be performed by non-coherent accumulations over the time in a UE implementation manner.
4 Assistance Information for Neighboring Cell Search
Per RAN WG1’s request, RAN WG2 started discussing mobility support for low cost MTC UEs with coverage enhancement. In recent reply LS from RAN WG2 [3], RAN WG2 agreed that coverage limited UE should support connected mode mobility like what we have today, i.e., neighboring cell measurement. However, supporting mobility in idle mode is still FFS.
To support mobility in either mode, the UE needs to support RRM measurement. Therefore, the UE needs to continuously search for neighboring cells and perform RRM measurement. 
For neighboring cell measurements, the UE needs to identify CRS of the cell using physical-layer cell ID which can be found after PSS/SSS detection. According to the previous simulation results in Section 3, it takes more than 1000ms for an enhanced coverage capable low cost MTC UE to detect PSS/SSS and estimate/measure the channel of one cell assuming one transmit antenna with the requirements of 10% miss detection and 0.1% false alarm probability. In addition, UEs shall perform measurements of at least 8 identified intra-frequency cells and shall be capable of performing RSRP and RSRQ measurements of at least 4 inter-frequency cells per FDD inter-frequency for up to 3 FDD inter-frequencies [6]. This requirement combined with the long acquisition time may cause significant cost/complexity/power consumption increase and it would be a very stretching goal for battery-operated UEs.
To reduce the processing time, power consumption and complexity of the neighboring cell search, some assistance information can be provided to the UE using higher-layer signaling as prior information for PSS/SSS detection. To find out which information would be helpful for cell search, we first remind the following regarding the PSS/SSS detection:
· With PSS detection, 5ms timing of the cell is determined. Therefore, the UE tries to detect the starting symbol within a 5ms search window. Also, PSS of a cell can take three different values depending on the value of NID(2). The number of hypotheses for PSS is thus 3*(number of samples within 5ms search window).
· Based on the detected PSS timing, the SSS location is determined. The relative time-domain location of SSS from the PSS depends on the duplex scheme (FDD/TDD) and CP type (normal/extended). To determine frame timing, two short SSCs in SSS is swapped at every 5ms (SSS1/SSS2 or SSS2/SSS1). Also, one of the 168 cell identity groups (NID(1)) is determined from a pair of (SSS1, SSS2). The number of hypotheses for SSS is 2*2*2*168. However, due to the nature of bad cross-correlation between the two short code combinations, it practically needs to perform ML detection with 504 hypothesis tests considering all physical-layer cell IDs.
Since PSS/SSS detection is performed under all possible hypotheses, providing some prior information on top of the existing black cell list will reduce the number of hypotheses tested, resulting in the reduction of delay, power consumption and complexity of the UE. Specifically, signaling assistance information such as physical-layer cell ID, duplex scheme, and/or CP type of each neighboring cell by higher-layer signaling would help reduce the neighboring cell search complexity of low cost MTC UEs. 
Rough timing information of each neighboring cell (e.g., search window) can also be signaled to enhanced coverage capable low cost MTC UE by higher-layer signaling. PSS time-domain location offset of neighboring cell with respect to the PSS location of current cell can be used as shown in Figure 2. If this information is known to the UE, the UE does not need to use a full search window of length 5ms for PSS detection, instead it can apply a shorter search window (e.g., of length 2ms) around the rough location to detect the timing of neighboring cell PSS. The relative offset can also be provided from other reference. For instance, the offset between SFN=0 for a serving cell and SFN=0 for a candidate cell can be given.
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Figure 2. Time-domain location of PSS from serving and neighboring cells
Proposal 2: Provide assistance information such as physical-layer cell ID, duplex scheme, CP type, and/or rough timing information of neighboring cells to enhanced coverage mode UEs not to consume much power during neighboring cell search.
5 Conclusion
In this contribution, we evaluated the feasibility of a non-coherent combining scheme with longer acquisition time to improve the PSS/SSS coverage for low-cost MTC UEs. We also discussed mobility support issues for low cost MTC UEs with enhanced coverage and investigated possible solutions. We have the following observation and proposals:

Observation: For 15dB coverage enhancement target, the total required accumulation time for PSS/SSS detection for 10% miss detection and 0.1% false alarm probability is 960ms with one transmit antenna port, and 600ms with two transmit antenna ports. The re-acquisition will be faster once the initial acquisition has been successful.
Proposal 1: The coverage enhancement of PSS/SSS for coverage limited MTC UEs is not specified for initial acquisition as it can be performed by non-coherent accumulations over the time in a UE implementation manner.
Proposal 2: Provide assistance information such as physical-layer cell ID, duplex scheme, CP type, and/or rough timing information of neighboring cells to enhanced coverage mode UEs not to consume much power during neighboring cell search.
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