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1. Introduction

This paper describes a Synchronization Channel (SCH) for LTE.  The proposed concept allows timing and frequency synchronization between Node B and UE and also encodes the Cell ID directly into SCH. In addition to SCH also a very primitive Broadcast Channel (BCH) is defined that contains very basic information needed for first UE initiated transmissions. 

In Section 2 SCH for system bandwidths smaller than 5 MHz is investigated. Section ‎3 deals with system bandwidths of 5 MHz and above and proposes extensions to the basic scheme to such higher bandwidths. Simulation results showing acquisition times of the proposed schemes are shown in Section ‎4. Details of BCH can be found in Section ‎5.

2. SCH Structure for System Bandwidth less than 5 MHz
2.1. Time and Frequency Structure
Every 5 ms a SCH sequence is inserted. One SCH sequence spans two OFDM symbol durations and occupies 1.25 MHz. In case of a system bandwidth of 2.5 MHz the remaining subcarriers outside the SCH bandwidth can be used for other data and control traffic. SCH is always placed in the centre of the available bandwidth. A certain time after SCH the broadcast channel  BCH is transmitted. More details on BCH are provided in Section ‎5. Figure 1and Figure 2 show these arrangements in time- and frequency-domain, respectively.
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Using this scheme 2.9 % and 1.5 % power is allocated to SCH for system bandwidths of 1.25 and 2.5 MHz, respectively.

Figure 1: Structure of SCH in frequency-domain for system bandwidths of a) 1.25 MHz and b) 2.5 MHz. Independent of the system bandwidth SCH always occupies 1.25 MHz.
[image: image6.emf]0

4

8 12

16

20

24 28

tones

32

120

116

112

108 104 100 96

92

124

used tones used tones

g

u

[0]

g

u

[1]

g

u

[2]

g

u

[3]

g

u

[4]

g

u

[5]

g

u

[6] g

u

[7]

g

u

[8]

g

u

[9]

g

u

[10]

g

u

[11]

g

u

[12]

g

u

[13]

g

u

[14]

g

u

[15]

g

u

[16]


Figure 2: Timing structure of SCH and BCH. SCH is sent every 5 ms. BCH is transmitted τ ms after SCH.


2.2. Synchronization Sequence
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The synchronization sequence itself spans two OFDM symbol periods. Depending on the available system bandwidth all useable subcarriers (system bandwidth 1.25 MHz) or only subcarriers overlapping the 1.25 MHz wide centre bandwidth are used for SCH. Figure 3 shows the structure of the proposed synchronization sequence.
Figure 3: One synchronization sequence spans two OFDM symbol periods. Within each OFDM symbol period SCH is build of 4 (possibly sign inverted) repetitions of a basic pattern A or B. CP denotes cyclic prefix.

During the first OFDM symbol period SCH consists of pattern A repeated (with possible inverted sign) four times and a repetition of pattern B builds up SCH during the second OFDM symbol duration. By repeating the same pattern several times within one OFDM symbol period we accomplish the following two desired features:

1. To detect synchronization the receiver has to correlate the received sequence with a delayed copy of the received signal. This differential correlation is a very simple operation since the receiver does not have to correlate against many pre-stored sequences. 

2. Repeating the same pattern L times allows frequency offset estimations up to ±L/2 subcarrier spacing ‎[1]. With L = 4 and a subcarrier separation of 15 kHz ‎[2] a frequency offset of 30 kHz can be detected.  Worst case frequency offsets of a UE can typically be more than 15 kHz but less than 30 kHz. An acquisition range of 30 kHz is therefore sufficient.

Inverting the sign of some repetitions yields a more pronounced synchronization metric. No sign inversions would lead to a quite flat sync metric with a plateau equal to the length of the cyclic prefix instead of a peak ‎[1]. 

The reason to use two OFDM symbols for each synchronization sequence is on one side to improve synchronization detection performance but also to increase the number of cell IDs that are encoded into each synchronization sequence.

The sequences composing SCH during each OFDM symbol duration are taken from a Generalized Chirp Like (GCL) sequence set ‎[3] as already proposed in ‎[4]. The length of a GCL sequence is equal to a prime number Ng and Ng-1 different sequences exist with length Ng. The GCL sequence is applied in frequency-domain. In order to achieve 4 repetitions in time-domain only every fourth subcarrier can be used. 75 useable subcarriers are located within the centre bandwidth of 1.25 MHz (the DC subcarrier is not used). This gives in total 18 useable subcarriers on an “every fourth” subcarrier grid, the next smallest prime number is then 17. Figure 6 shows how a GCL sequence is applied to the center 1.25 MHz of an OFDM symbol. As stated earlier Ng-1 = 16 different GSL sequences exist. In total SCH encodes 256 different cell IDs (16 possible GCL sequence mapped to the first and second OFDM symbol each). 

To decode the cell ID the receiver has to perform a length 128 DFT for each of the two OFDM symbols. For a system bandwidth of 2.5 MHz the received signal is down-sampled prior the FFT operation. From the frequency-domain symbols the subcarriers used by the GCL sequence are extracted and differentially encoded. Finally a length Ng DFT is applied and the index of the largest sample is an estimate for the sequence number. For more details how to detect the sequence number see ‎[4].
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Simulation results are shown in Section ‎4.

Figure 4: Application of GCL sequence to subcarriers in frequency-domain. The GCL sequence gu[k] is mapped to every fourth tone to create four repetitions in time-domain. Index u indicates the sequence number and index k the sample number. Tones 0 to 63 are mapped to “positive” frequencies and subcarriers 64 to 127 to “negative” frequencies.

3. Extensions to System Bandwidths of 5 MHz and more
In case of a higher system bandwidth additional resources can be allocated to SCH. In this contribution we investigate different possibilities to increase synchronization performance for systems having a bandwidth of 5 MHz or more. This is reasonable since most LTE systems operate probably on more than 1.25 or 2.5 MHz system bandwidth. 

All of the investigated schemes require the same power resources thus enabling a fair benchmarking. Compared to the scheme presented in Section ‎2 we double the absolute power allocated to SCH, in cases of 5, 10 and 20 MHz system bandwidths SCH requires now 1.4 %, 0.7 %, and 0.35 % of the total power, respectively. Doubling the power resources allocated to SCH is a tradeoff between improved cell search performance and required power resources.

The following methods are compared to improve synchronization performance for higher system bandwidths:

1. SCH still occupies only 1.25 MHz but is transmitted more frequently 

2. SCH still occupies only 1.25 MHz but is transmitted with higher energy per SCH occurrence

3. SCH occupies a higher bandwidth 

The parameters in above schemes are chosen that all methods require the same power resources thus enabling a fair comparison.

Scheme 3 exploits increased frequency diversity thus improving performance. In Scheme 1 time diversity is increased. In Scheme 2 SCH is transmitted over a 1.25 MHz wide band but with increased power. Simulation results presented in Section ‎‎4 show that Scheme 2 outperforms Method 1 and 3 in most cases. 

In addition of outperforming the other schemes Method 2 (but also Method 1) enjoys the advantage of easier UE implementations: At initial startup the UE has no prior knowledge of  available system bandwidth. Method 3 – where the bandwidth allocated to SCH depends on the available system bandwidth – requires in parallel two cell search operations matched to the possible SCH bandwidths. Changing the repetition rate of SCH –as in Method 1 – or changing the energy conveyed in one SCH burst – as in Method 2 – on the other side only have minimal impact on the UE cell search algorithm and do not require parallel execution of two complete cell search algorithms.
3.1. Method 1: SCH occupies 1.25 MHz and is transmitted more frequently

One SCH sequence still spans two OFDM symbol durations. The bandwidth occupied by SCH is – independent of the system bandwidth – 1.25 MHz. SCH is transmitted every 2.5 ms, i.e. twice as often as in Section ‎2. The energy contained in one SCH burst is the same as in Section ‎2. Subcarriers outside the center 1.25 MHZ band can be allocated to other data.

3.2. Method 2: SCH occupies 1.25 MHz and is transmitted with more energy per SCH occurrence

SCH is – as in Section ‎2 – transmitted every 5 ms and occupies 1.25 MHz. Each SCH burst is transmitted with twice as much power relative to the SCH sequence described in Section ‎2. Figure 5 shows the power spectrum of SCH for various bandwidths from 5 MHz to 20 MHz. Subcarriers outside the center 1.25 MHZ band can be allocated to other data.

3.3. Method 3: SCH occupies 5 MHz

One SCH sequence still spans two OFDM symbol durations and is transmitted every 10 ms, i.e. half as often as in the scheme described in Section ‎2. The bandwidth occupied by SCH is 5 MHz for all system bandwidths greater or equal than 5 MHz. 
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Figure 5: Spectrum of SCH structure described by Method 2. The energy of one SCH burst is twice as much as in Section ‎2. 

4. Simulation Results

Throughout all simulations the Typical Urban GSM channel model with 12 taps was used. The local oscillator of the UE has a frequency offset of 1.8 carrier spacing (i.e. 27 kHz) relative to the Node B local oscillator. 

In the following the 90 percentile acquisition times are plotted for the different scenarios. A cell search attempt is considered successful when the UE acquires timing within the cyclic prefix, corrects its frequency offset, and identifies the cell ID (i.e. the 2 sequence indices of the GCL sequences mapped to OFDM symbol 1 and 2) correctly.

4.1. White Noise Performance

4.1.1 System Bandwidth 1.25 MHz
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Figure 6: 90 percentile acquisition times for a system bandwidth of 1.25 MHz at various speeds, GSM Typical Urban channel model.

4.1.2 System Bandwidth 5 MHz
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Figure 7: 90 percentile acquisition times for a system bandwidth of 5 MHz and a speed of  3 km/h, GSM Typical Urban channel model. Scheme 2 (power boost PB = 3 dB,  T = 5 ms, bandwidth BW = 1.25 MHz) outperforms Scheme 1 ( power boost PB = 0 dB, T = 2.5 ms, bandwidth BW = 1.25 MHz) and Scheme 3 (power boost PB = 0 dB, T = 10 ms, bandwidth BW = 5 MHz).

[image: image3.png]T

T T
=== PB=04dB, T=25ms, BW=1.25MHz
— PB=3dB, T=5ms, BW=125MHz
==+ PB=0dB, T=10ms, BW =5 MHz

29

5

0
-8 -6 -4 -2 0 2
SNR in dB





Figure 8: 90 percentile acquisition times for a system bandwidth of 5 MHz and a speed of  30 km/h, GSM Typical Urban channel model. In most SNR regions Scheme 2 (power boost PB = 3 dB,  T = 5 ms, bandwidth BW = 1.25 MHz) outperforms Scheme 1 ( power boost PB = 0 dB, T = 2.5 ms, bandwidth BW = 1.25 MHz) and Scheme 3 (power boost PB = 0 dB, T = 10 ms, bandwidth BW = 5 MHz).
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Figure 9: 90 percentile acquisition times for a system bandwidth of 5 MHz and a speed of  120 km/h, GSM Typical Urban channel model. In most SNR regions Scheme 2 (power boost PB = 3 dB,  T = 5 ms, bandwidth BW = 1.25 MHz) outperforms Scheme 1 ( power boost PB = 0 dB, T = 2.5 ms, bandwidth BW = 1.25 MHz) and Scheme 3 (power boost PB = 0 dB, T = 10 ms, bandwidth BW = 5 MHz).

4.2. Interference Performance

Based on the results presented in Figure 7 to Figure 9 Scheme 2 – i.e. each SCH burst is transmitted with twice as much energy but still only occupies 1.25 MHz and is transmitted every 5 ms – is selected as the most preferable scheme. This section presents simulation results for Scheme 2 considering interference created by multiple Node Bs.  

Figure 10 depicts the simulated cell layout. In addition to the inner 3 target cells additional a ring consisting of 9 “outer” Node Bs is included. To model the effect of Node Bs even further away AWGN noise corresponding to the interference power of the outer ring Node Bs is also added. No timing synchronization is assumed between Node Bs. 1000 simulation runs have been conducted. In each run the channel impulse responses were reset. In each simulation the frame timing between Node Bs is also randomly chosen to model an unsynchronized network.  The UE speed was set to 30 km/h.

Table 1 lists the 90, 95, and 99 percentile acquisition times. As before, an acquisition attempt is considered successful if timing, frequency offset, and cell ID are correctly detected. Correct cell ID means here if the detected cell ID corresponds to anyone of the three strongest cells. In 90 % synchronization is acquired within 2.5 ms.
	Percentile
	Acquisition 

time in ms

	90
	2.5

	95
	7.5

	99
	12.5


Table 1:
Acusition times for the cell layout depicted in Figure 10.
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Figure 10: Simulated cell layout. The UE is placed at the indicated position. 

5. BCH

After timing and cell ID is acquired, the UE has to obtain some cell/system specific information in order to access the network. As a minimum, this information, depicted as BCH in Figure 2, should allow the UE to continue the process of accessing the system. Hence, the transmission format of this information must be known to the UE after performing the cell search. Additional information, not critical for the initial access to the system, could either be transmitted in the same way or transmitted upon request, where the latter alternative may offer some advantages [5].

6. Conclusions

This paper presented a low-complexity cell search scheme for LTE. Differential correlation of the received signal is used to acquire timing synchronization and to estimate the UE frequency offset. GCL sequences applied in frequency-domain are used to construct SCH sequences. In addition to traditional timing and frequency synchronization this scheme also encodes the cell ID directly into SCH, in total 256 different cell IDs are mapped onto SCH. It was also demonstrated that a SCH bandwidth of 1.25 MHz – independent of the available system bandwidth – yields sufficient cell search performance. 
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