3GPP GERAN #64                     


                          GP-140864
San Francisco, USA









        Agenda Item: 7.1.5.3.5

17 – 21 November, 2014
Source: Huawei Technologies Co., Ltd., HiSilicon Technologies Co., Ltd

NB M2M – Cell Search Mechanism
1 Introduction
A MTC device wishing to communicate with base station must undertake a cell search procedure at its initial access stage. This contribution focuses on the physical layer designs facilitating cell search in the NB M2M system.
This is an update of the document GP-140565 presented at GERAN#63. 
2 Cell search procedure
Cell search is the procedure by which a MTC device acquires time and frequency synchronization with a BS and detects the cell ID of that cell.  

NB M2M cell search is assumed to be based on two signals transmitted in the downlink, the “PSS” (Primary Synchronization Signal) and “SSS” (Secondary Synchronization Signal) which are included in PBSCH (Physical Broadcast Synchronization Channel). PSS/SSS are defined by time-domain sequences described in Section 3.

In the NB M2M system, the cell search procedure consists of 4 operations: signal detection, symbol timing and carrier frequency synchronization acquisition, frame timing, and physical cell ID identification.

The basic cell search procedure is illustrated in Figure 1.

[image: image1.emf]Start

Signal detection

Symbol timing and carrier 

frequency acquisition, 

frame timing

Physical cell ID 

identification

End


Figure 1. Basic cell search procedure.
2.1 Signal detection
A MTC device needs to search for a viable frequency band when it firstly switches on or when it fails to work in its previous frequency band(s). The searching is implemented based on the detection of the existence of PSS/SSS by comparing the amplitude of the correlation peak with a pre-defined threshold. The center frequency of the PBSCH containing PSS/SSS satisfies the channelization condition described in [1]. 
2.2 Symbol timing and carrier frequency synchronization acquisition
Symbol timing and carrier frequency synchronization acquisition is the basis of baseband signal processing. Symbol timing and carrier frequency are acquired by correlation based detection of PSS/SSS. 
Typically, symbol timing is derived from PSS while frequency synchronization (carrier frequency offset estimation) is derived from SSS, but many implementation-specific processing strategies are possible. For example, the coarse carrier frequency offset (CFO) could also be estimated using the PSS based on the phase of the correlation peak, which requires only a few additional calculations as shown in Appendix 7.1. The precise CFO estimate could then be obtained using the SSS.

To obviate the negative impact of phase rotation on the correlation performance due to large initial CFO, differential coding is applied to the original scrambled PN sequence to generate the PSS sequence, as described in Subsection 3.3. This allows a possible receiver processing strategy of using differential decoding, e.g. conjugated multiplication based algorithm as shown in Appendix 7.1, prior to the correlation operation. 

There are a variety of possible processing strategies for the PSS and SSS that are based on cross-correlation and/or auto-correlation, and which provide different trade-offs between implementation complexity and performance in low SNR conditions. 
2.3 Frame timing
In the NB M2M system, frame timing is derived directly from the symbol timing since the PSS/SSS is only transmitted once in every frame. 

2.4 Physical cell ID identification
Similarly to UTRA and E-UTRA, a physical-layer cell ID (PCI) is introduced for each cell by the NB M2M system to facilitate network planning (e.g. frequency re-use) and cell-specific operation (e.g. scrambling, frequency hopping, etc.). 

There are 36 unique PCIs in the NB M2M system, which is believed to be flexible enough for the network planning and sufficient to differentiate adjacent cells. The PCIs are grouped into 12 unique PCI groups, each group containing three unique identities. The grouping is such that each PCI is part of one and only one PCI group. A PCI 
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is thus uniquely defined by a number
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in the range of 0 to 11, representing the PCI group, and a number
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 in the range of 0 to 2, representing the PCI within the PCI group.
The PCI
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within the PCI group is associated with the scrambling sequence masked on PSS while the PCI group index
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is associated with the scrambling sequence masked on SSS as shown in Subsection 3.3 and Subsection 3.4 respectively. 

The MTC device first tests the 3 PSS scrambling sequences to identify
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within the PCI group, and then the device tests the 12 SSS scrambling sequences to identify the PCI group index
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. For both PSS and SSS, the scrambling sequences are selected as the ones with the highest correlation peak. By this hierarchical and grouping design, the maximum number of hypothesis tests to identify a PCI is reduced from 36 to 15.

3 Synchronization signal structure

3.1 Structure in frequency
As described in [1], a physical channel named PBSCH (physical broadcast synchronization channel) is dedicated to carrying synchronization signals (i.e. PSS/SSS) and broadcast system information for the NB M2M system. At least one downlink physical channel per base station sector is reserved for PBSCH which means that PBSCH and the data channels (i.e. PDSCH) are multiplexed by frequency division (FDM). An example of the frequency domain mapping for PBSCH over a total 200 kHz frequency band is shown in Figure 2.  
FDM of PBSCH and PDSCH can shorten the synchronization and system information acquisition time so process complexity and storage cost may be reduced for the MTC device (depending also on the transmit power allocated to the PBSCH downlink channel). Furthermore, in the NB M2M system, a frequency re-use factor of 1 is applied for PBSCH which means the PBSCHs of neighboring cells are completely overlapped in frequency domain, and are separated instead using code division multiplexing. This can reduce the searching complexity and latency for alternate base stations by the MTC device.
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Figure 2. Frequency location of PBSCH
3.2 Structure in time
The structure of PBSCH in time domain is shown in Figure 3.
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Figure 3. Time structure of PBSCH
There are 256 symbols and 257 symbols within PBSCH that are allocated for PSS and SSS transmission respectively. 127 symbols following SSS are allocated for FIIS (Frame Index Indication Signal) to indicate the frame number within a super-frame as elaborated in our companion contribution [2]. The last 320 symbols are used for broadcast system information transmission. 
3.3 Primary synchronization signal generation
The sequence 
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used for the primary synchronization signal is a differential sequence which is derived according to 
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with the initial condition
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and where the input sequence
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where the length-255 m-sequence
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with initial conditions
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The three scrambling sequences are derived from a
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where 1≤m∈N and 
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The association of the rows and
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is given by Table 1.

Table 1 Row indices for the primary synchronization signal
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	Row index 
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The whole PSS sequence generating procedure is shown in Figure 4.
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Figure 4. Generator of PSS sequence

The PSS sequence 
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is modulated by BPSK and then mapped onto 256 contiguous symbols in the time domain.

The normalized peak of the sliding cross-correlation between any two PSS scrambling sequences is no larger than 0.16, so inter-cell interference can be effectively mitigated, even assuming that base stations are not time synchronised with each other.

3.4 Secondary synchronization signal generation
The sequence 
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 used for the secondary synchronization signal is a scrambled time-domain length-257 Zadoff-Chu sequence according to
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The scrambling sequence 
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 is a pseudo-random +/-1 sequence defined by a Gold sequence
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where the Gold sequence
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is derived according to 
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where 
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 and the first m-sequence shall be initialized with
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The SSS sequence 
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is directly mapped onto 257 contiguous symbols in the time domain.

The normalized peak of the sliding cross-correlation between any two SSS scrambling sequences is no larger than 0.1.

4 Simulations
4.1 Simulation settings
Preliminary simulations have been carried out to evaluate the cell search performance. The link level simulation assumptions are aligned with [1]. The maximum coverage enhancement case where SNR is set to –4dB, corresponding to the target MCL of 164.4dB, is simulated. The inter-cell co-channel interference is considered in the simulation where the same transmit power and the same large-scale fading are assumed for all relevant cells to present a worst-case scenario, while different small-scale channels are applied to the signals from different cells. The other simulation parameters are shown in Table 2.

Table 2 Simulation assumptions

	Parameter
	Value

	Carrier frequency band
	900 MHz

	Channel propagation
	TU

	Doppler spread
	1 Hz

	Symbol rate
	12 k symbol/s

	Relative Rx delay from between neighboring cells
	randomly chosen from 0 to 1 frame with granularity of 1/16 Tb

	Fs
	192 kHz

	Interference
	3 active cells with the same Tx power;

every two of the 3 cells are adjacent to each other

	Antenna configuration
	1T1R

	MS initial carrier frequency offset
	+/-20ppm for initial cell search;
+/-2ppm for non-initial cell search;

+/-0.05ppm between adjacent cells


4.2 Simulation results

Table 3 Simulation results for initial cell search
	Performance metric
	Simulation results (SNR= -4 dB, averaged by 10000 times)
	Synchronization time

	Signal Detection in terms of false dismissal probability (FDP) and false alarm probability (FAP)
	{FDP 1%, FAP 0.09%}
	2s (25 frames of NB M2M)


	Symbol timing error
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	CFO estimation error distribution
	[-45Hz, 45Hz]: 96.12%  
	400ms (5 frames of NB M2M)


Table 4 Simulation results for non-initial cell search 
	Performance metric
	Simulation results (SNR= -4 dB, averaged by 10000 times)
	Synchronization time

	Symbol timing error 
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	640ms (8 frames of NB M2M)

	CFO estimation error distribution
	[-45,+45Hz]: 97.7%
	320ms (4 frames of NB M2M)


The simulation results are given by Table 3 and Table 4 respectively for initial cell search (when the MTC device has not previously connected to a cell, such as upon switching-on) and non-initial cell search (when the MTC device can assume a reduced CFO capture range based on previous receptions). It is observed that our design shows good signal detection performance in terms of false dismissal probability and the false alarm probability in limited synchronization time (i.e. 2s) for initial cell search. Meanwhile, the symbol timing error is sufficiently low in almost all cases (not larger than 1/4 symbol in 99.73% cases for initial cell search over 2s period and in 95.45% cases for non-initial cell search over 0.96s period). 
Our design also yields excellent CFO estimation accuracy (i.e. CFO estimation error smaller than 45Hz) even within a relatively short tracking period (i.e. 400ms for initial cell search in 96.12% cases and 320ms for non-initial cell search in 97.7% cases). 
Therefore 2.4s and 0.96s in total are respectively spent on initial cell search and non-initial cell search to achieve the stated performance.
5 Conclusions
In this contribution, a cell search mechanism for NB M2M is discussed based on the design of synchronization signals. The simulation results verify our design in terms of signal detection, symbol and frame timing, and CFO estimation performance. 
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7 Appendix 
7.1 PSS detection algorithm

Conjugated multiplication is applied between the adjacent received symbols
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The received symbol is

[image: image62.wmf]2

f

jkB

kkkk

rshen

p

×D

=××+


where
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denotes the kth transmitted symbol, 
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denotes the channel impulsive response (CIR) the kth transmitted symbol experiences, 
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denotes the additive white Gaussian noise (AWGN), 
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 denotes the carrier frequency offset and B denotes the signal bandwidth. Therefore we get
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where 
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is the sum of the items related to AWGN
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Since the CIR varies little between the kth symbol and the (k+1)th symbol, 
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. When the processing window is aligned with the received PSS signal, 
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 is equal to the kth BPSK symbol prior to differential encoding. Then 
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where
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m

denotes the transmitted BPSK modulated PSS sequence. Through a cross-correlation operation of sequence
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, the PSS is assumed to be detected if the correlation peak exceeds a pre-defined threshold.

The phase of the correlation peak is proportional to
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, so coarse CFO can be estimated simultaneously.
7.2 SSS CFO estimation algorithm
The received baseband SSS is
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where 
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 denotes the carrier frequency offset and B denotes the signal bandwidth. 
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denotes the kth element of transmitted ZC sequence.

As a shifted ZC sequence can be expressed by
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Then the received signal is
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where 
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Assuming the CFO is unchanged across all the SSS symbols, 
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Cross-correlation is carried out between the received SSS signal and the local SSS sequence. As a result, a shift value
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can be estimated by comparing the position of the detected correlation peak and the ideal one (i.e. without CFO). Hence the CFO can be estimated according to
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