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1 Introduction
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 [1], the simulation results of PSS/SSS detection in a low SINR environment are demonstrated to evaluate whether coverage enhancement for PSS/SSS detection is needed for LTE low-cost MTC. In that contribution, it is not assumed the physical-layer cell identity is known to the UE. In this contribution, we prove that the prior knowledge of cell identity reduces the PSS/SSS detection time. Therefore, in the general case that the MTC device has no need for cell identity acquirement, the PSS/SSS detection time is shorter than that presented in [1]. 
2 Discussion
A cell search procedure consists of several tasks: frame & symbol timing acquisition, carrier frequency synchronization, and physical-layer cell identity acquirement. After timing/frequency synchronization acquisition and cell-ID acquisition, UE can move to CRS-based timing and frequency tracking whose goal is to ensure any distortion to the signal induced by the timing and frequency error is minimal compared to the received noise and interference level. 
MTC UEs in extreme coverage scenarios often has no or very limited mobility. So there is no seamless handover required. Longer acquisition time during cell search is very much tolerable. Previously we have shown that:
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.
The “required SINR” for synchronization channel is equal to -19.3 dB. In [1], at SINR=-20dB, we show that for the observation lengths of 500 and 625 msec, the detection probabilities of PSS are above 95% and 99%, respectively, given a false alarm rate of 0.1%. The PSS is “detected” if both the symbol timing and the physical-layer identity
[image: image1.wmf])

2

(

ID

N

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. Assuming 625ms processing window for PSS, we further observed that for the observation length of an additional 700 msec (i.e. sum of PSS and SSS observation lengths becomes 1325ms), 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%. 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.
In [1], cell-ID detection and timing/frequency acquisition are performed at the same time, i.e., the estimate of a coarse frequency error (typically ¼, 1/8 or 1/16 of a subcarrier spacing) is normally performed together with PSS detection in hypothesis tests that also uses SSS.   
After the physical-layer cell identity is detected, it seldom changes. Since MTC UEs may often be in long idle mode for power saving, they may need to reacquire the synchronization upon wake-up based on known cell ID. PSS/SSS processing become simply timing and carrier frequency acquisition problem. There are several points we want to make:
· Time/frequency re-acquisition time affects only the power consumption. UEs can always wake up early before scheduled paging reception at the price of more power consumption. Since there is no concern of making timely measurement as in inter-frequency measurement during handover for normal UEs, it seems that re-acquisition time only has a battery impact. It is more of an implementation issue with no system function impact or performance requirement.   
· The definition of “correct” detection of start position of a radio frame can be looser for MTC UEs in coverage hole. If we define the correct timing as that results in no SNR degradation after FFT (which means the channel response is within the CP), we may tolerate a larger timing error that will be declared as incorrect, because the induced signal distortion, as compared to the very high noise level, can be very insignificant. Note that after timing/frequency acquisition, MTC UEs may still need a long time to fine tune the frequency tracking until the LO stabilize. Hence both acquisition time and stabilization time need to be considered before it is ready to receive data. 
· With known cell ID, there will be fewer hypotheses to test for sure, which leads to improved timing/frequency offset detection even under the same definition of “correct” timing/frequency. Hypothesis testing can be conducted in parallel or sequential. If in parallel, reacquisition time reduction is solely from the improved detection performance (i.e., improved detection probability under the same false alarm rate.
Given that the time/frequency re-acquisition is more of an implementation issue with no system function impact or performance requirement, we provide a theoretical analysis in the next section rather than any simulation result. 
3 Proof
The cell search procedure is composed of PSS and SSS detection. In the former, several candidates of the combination of 
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and the time offset are identified, and the frequency offset estimate is also obtained. In the latter, each of the candidates acquired at PSS detection is verified to see whether there is a synchronization signal by performing SSS sequence detection in the received signal based on the timing of the tested candidate. 

In this section we prove that, given a fixed performance criterion, knowing Cell ID reduces the PSS detection time. The corresponding proof for SSS detection can be based on a similar argument.

Known Cell ID

Assume it is known to MTC UE that the PSS signal corresponding to a physical-layer identity 
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is present in the air interface. Without loss of generality, we assume
[image: image7.wmf].

0

)

2

(

=

ID

N

 Goals of the PSS detector are

· Identify candidates of the arrival time of the PSS signal;

· Estimate the carrier frequency offset between the MTC UE and the eNB which transmits the PSS signal.

Suppose the PSS detection is performed in the time domain, and the time-domain PSS sequence has a length of
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’s, the detector tests whether the PSS signal is present in the time-domain received signal 
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where the discrete-time signal 
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is obtained assuming the frequency offset is equal to 
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 The testing can generally be formulated as a binary hypothesis testing problem 
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where 
· 
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denotes the PSS signal is present in x, and the tuple 
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is a correct estimate; 
· 
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 means the opposite, i.e., either the PSS signal is absent in x or 
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is a wrong estimate, or both; 
· w represents the contribution from interference-plus-noise; 
· 
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is the linear model of the received time-domain PSS signal with the superscript (0) standing for 
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The definition of 
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being a correct estimate may not be rigorous. We may define “correctness” as, e.g., the deviations of n0 (and f) from the true value is small enough so that the loss of SNR in PSS detection is smaller than a certain threshold. 
To solve the hypothesis testing, we may resort to the Newman-Pearson rule, i.e., fixing the false alarm rate PFA. Let us denote the detector as T(x). We can find out the empirical probability density function 
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 of T(x) under 
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The detector declares 
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otherwise. The detection probability PD is given as
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where 
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is the probability density function of T(x) under 
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Unknown Cell ID

In this subsection, we assume the PSS signal corresponding to 
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is present in the air interface, however the MTC UE does not know which or whether any PSS signal is there. Similar to the case considered in Section 3.1, the UE tries all possible tuples 
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’s. The associated detection problem becomes three binary hypothesis testings, i.e.,
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where 
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 represents the linear model of the received time-domain PSS signal corresponding to 
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 For each of 
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, it is tested whether 
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is the detector for the i-th testing, and 
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is the associated detection threshold. A false alarm occurs when, at the i-th testing, the detector declares 
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is true. Note that the detector may declare 
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, representing PSS signals of 
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and 1 are both present. The overall false alarm rate (i.e., all three binary hypotheses are considered altogether) is given as

[image: image45.wmf])

1

)(

1

)(

1

(

1

)

2

(

FA

)

1

(

FA

)

0

(

FA

P

P

P

-

-

-

-


where 
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is the false alarm rate at the i-th testing. Assume all PSS sequences of 
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have similar cross-correlation properties with the received signals under 
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 statistically so that all 
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is small. Thus, if we want to have the same false alarm probability for both cases of known and unknown Cell ID, i.e., 
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, the detection threshold of the latter case should be larger than that of the former, i.e., 
[image: image56.wmf]g

g

>

*

so that 
[image: image57.wmf]*

FAFA

/3

PP

=

.  
Showing Known Cell ID Has a Shorter Detection Time

For both cases of known and unknown Cell ID, the detection probability can be expressed as 
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where  is the detection threshold, and 
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 is the probability density function of 
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is true at the 0-th test (using the notation at Section 3.2). It has been shown, given the same false alarm probability, the case of known Cell ID has a smaller detection threshold, which leads to a larger detection probability. This also implies that this case needs a shorter detection time given the same detection probability.
4 Conclusion
Given that the time/frequency re-acquisition is more of an implementation issue with no system function impact or performance requirement, we provided a theoretical analysis in the next section rather than any simulation result in this contribution. It was proven that the prior knowledge of cell identity reduces the PSS/SSS detection time. Therefore, in the general case in which the MTC device has no need for cell identity acquirement, the PSS/SSS detection time is shorter than that presented in [1].   
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