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Preamble and cell search design for IEEE 802.16m system
Mingyang Sun, Yunsong Yang, Xueqin Gu, Chongli Liu, Xin Chang
Huawei
Introduction

A key requirement in the 802.16m SRD [1] is supporting the ability to synchronize frame timing across an entire system in a given geographic area, including synchronization among all BSs and MSs operating on the same or on different carrier frequencies and among neighboring 802.16m systems. This is a critical requirement for the coexistence of TDD systems. 

Though legacy preamble may be used for 16m system acquisition but has several disadvantages: 
· 16e preamble can not support fast system access, system access latency is about 300ms and B3G system desired value is 20-80ms and below.
· 16e preamble PAPR and cross-correlation is not enough good to support larger cell coverage.
· Sector specific 16e preamble sequence limit cell edge MS system access performance.

· At cell edge the property of signal repetition in time domain is destroyed due to inter-cell interference.
· 16e preamble can not support network access for MSs with different bandwidth capabilities.
Therefore, pure 16m system needs new preamble. In this contribution, we propose a high level design of 16m preamble and cell search procedure in order to achieve fast cell search.
Requirements for Cell Search
Cell search shall conform below requirements:
1)、 Fast system access (including fast cell selection and reselection);

2)、 Good cell detection performance;

3)、 Low overhead;

4)、 Low complexity;

5)、 Large cell coverage;

6)、 Large set of cell ID to support femto-cell and relay station
7)、 Supporting multi-bandwidth;

8)、 Supporting CP detection;

9)、 Low PAPR;

10)、 Supporting multi-carrier fast handover;

11)、 Assistant channel measurement;
12)、 Assistant channel estimation;

13)、 Supporting MIMO;

Information that MS need to detect in the cell search procedure
Cell search is the procedure that a MS acquires timing (symbol and super frame) and frequency synchronization with a cell, detects the cell ID of the cell, and further obtains system parameters.

The information that the MS needs to detect in the cell search procedure includes:

· Symbol and super frame timing (if SCH is transmitted several times per super frame) information;

· Frequency offset information;

· Cell ID;

· System parameters, such as CP length and System bandwidth etc.

Proposed preamble features
We design a whole cell search scheme for 802.16m system and have below features:

· Larger set of cell ID than 16e to support femto-cell and relay station (16e is 114 and Proposed scheme is 417).
· Low PAPR sequences (almost 0 dB) and larger cell coverage.
· Better time/frequency synchronization and cell detection performance.
· Hierarchical SCH structure with same OFDM waveform on P-SCH in all cells and coarse time synchronization in time domain to enable low cell search time and complexity: 300ms->20ms.
· Simple cell detection algorithm and one FFT operation can detect multiple cell IDs.
Structure of super-frame header
The super-frame header contains synchronization channel (SCH) and broadcast channel (BCH). Synchronization channel (SCH) is further divided into primary synchronization channel (P-SCH) and secondary synchronization channel (S-SCH), broadcast channel is further divided into primary broadcast channel (P-BCH) and secondary broadcast channel(S-BCH).
P-SCH is used for symbol timing and frequency acquisition. P-SCH is transmitted in same OFDM waveform for all cells to enable fast synchronization.
S-SCH is used to determine the cell ID, and assistant CQI measurement. S-SCH is transmitted in cell specific OFDM waveform.

P-BCH is used to carry network-wide common and static parameters and information to decode S-BCH such as bandwidth, CP length, super-frame index, TDD ratio, S-BCH frequency reuse indication, antenna configuration. P-BCH is transmitted with SFN.
S-BCH is used to carry sector-specific parameters such as control zone configuration, power configuration, access parameters, System Information message parameters, 16e/m mix ratio, resource allocation setting, and H-FDD partition. Additional system parameters are broadcasted in System Information message using data channel.
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Figure 1 location of SCH
Location of 16m super-frame header
In time domain, the super-frame header is transmitted one or more times every 20 ms super frame. The transmission period of SCH and BCH may be different to enable different level of error protection. Super-frame header is placed in DL last sub frame in 16m zone and is located after P-BCH, the interval between super-frame header and 16e preamble is fixed.

In frequency domain, The SCH and BCH are transmitted only in the central part of the whole system band (e.g. 5MHz) in order to enable bandwidth identification and support system access for MS with different bandwidth capabilities (less than 420 sub-carriers because preamble power boost).

Multiplexing of SCH and BCH

The multiplexing of P-SCH and S-SCH is TDM. The design provides enough power to guarantee cell search performance.
The multiplexing of SCH and BCH is TDM and the multiplexing of P-BCH and S-BCH is TDM. If the system bandwidth is big enough, the retaining bandwidth may carry other data or control channel.
CP Identification
CP length is fixed for the OFDM symbols carrying P-SCH and S-SCH to enable CP identification. After decoding P-SCH and S-SCH, P-BCH is decoded and CP length information is acquired.
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Figure 2 CP identification process
Transmission of synchronization channel
Symbol and super-frame timing is addressed by effective synchronization sequence in a super frame. The synchronization sequence must be sufficiently distinct to enable fast detection for quick system acquisition. In this segment, we address synchronization sequence design based on non-CAZAC sequence.
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Figure 3 synchronization channel transmission structure
As shown in figure 3, after P-SCH sequences are generated, P-SCH sequences are mapped directly on sub-carriers and after S-SCH sequences are generated, S-SCH sequences firstly are processed with DFT operation and then are mapped on sub-carriers.

Synchronization sequences generation

The SCH sequences are based on a particular sequence which has very low PAPR and better cross correlation between any pair of the sequences.
The P-SCH sequence is defined: 
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The S-SCH sequences are defined:
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Where
[image: image6.wmf]G
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 is desired sequence length and the integer “u” is referred to as class index, a different “u” will act as a cell ID.
SCH sequence sub-carrier mapping
The P-SCH and S-SCH are transmitted only on the central part of the overall transmission band of the cell. Because sequence inherent characteristic, SCH time domain sequence is composed of two repeated sequences though SCH is transmitted on continuous sub-carriers, the inherent characteristic allow coarse time synchronization in time domain with P-SCH and provide better performance because longer sequence and larger cell ID set with S-SCH.
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Figure 4 synchronization channel time domain structure
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Figure 5 synchronization channel frequency domain structure
Scramble for S-SCH
S-SCH is scrambled by 2 bits LSBs of frame index and P-SCH sequence to determine the super frame boundary and the frame in which P-BCH is carried in despite of transmission period of SCH and BCH. These two bits can also be used to seed PHY algorithms like hopping/scrambling etc. P-BCH carries all the bits of system time information.

Fast cell detection process

· Obtain time and frequency synchronization;

· Take N-point FFT to the receives data to get the frequency domain data at NG sub-carriers; denote the NG frequency data with Y(m), m=1,…, NG;

· the peak position
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of Y(m) gives information about u;
· The identified u is the integer closest to the u calculated by the formula:
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Simple cell detection algorithm provides better cell detection performance.
Cell search Procedure
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Figure 6 cell search procedure

Simulation Results
This section provides several simulations to illustrate the performance of the proposed synchronization sequences. The simulation parameters are set as in Table 1.

Table 1 Simulation parameters
	Carrier frequency
	2.5GHz

	Sub-carrier spacing
	10.94kHz

	Channel model
	PB3, VA30

	System bandwidth
	10MHz

	P-SCH bandwidth
	5MHz (420 sub-carriers)

	S-SCH bandwidth
	5MHz (420 sub-carriers)

	Power boost
	no

	CP length
	128

	Cell ID number
	417

	
	


PAPR

We first provide the PAPR performance of the proposed sequences. As shown in Figure 4 that their PAPRs of all 417 sequences are almost 0dB, i.e. almost constant amplitude. Noted the sequence index is sorted.
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Figure 7 PAPR of proposed sequences
Time and frequency synchronization
Next several figures show the time and frequency synchronization performance of proposed sequences. The simulation results show effective time and frequency synchronization performance(frequency offset≤2% of the sub-carrier spacing at 0 dB in the case of no power boost).
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Figure 8 coarse search with proposed sequence
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Figure 9 Decimal FO Estimation with proposed sequence
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Figure 10 Integer FO Estimation with proposed sequence
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Figure 11 fine search with proposed sequence
Cell detection
The simulation results show good cell detection performance with proposed sequences. If power boost is enabled cell detection performance is better. One FFT can separate multiple cells ID.
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Figure 12 VA30, SNR=-2dB, proposed sequences cell detection performance(200 Monte-Carlo simulation)
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Figure 13 PB3, SNR=-2dB, proposed sequences cell detection performance(200 Monte-Carlo simulation)
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Figure 14 false alarm probability
Conclusion
Proposed lower PAPR preamble enable fast cell search and has better cell detection performance and provides larger cell coverage.
Text Proposal to SDD

------------------------------------Start text proposal------------------------------------
[Adopt the following text in the ToC of P802.16m System Description Document (SDD)]
11.4.1.1 Super-frame Header
As shown in Figure 8, each super-frame shall begin with a DL sub frame that contains super-frame header. The super-frame header contains synchronization channel (SCH) and broadcast channel (BCH). The super-frame header is placed in last DL sub frame in 16m zone.
11.x.1.2 Synchronization information

This type of control information is necessary for system acquisition and synchronization and includes:

Symbol and super frame timing (if SCH is transmitted several times per super frame) information;

Frequency offset information;

Cell ID;
11.x.2 Synchronization Channel (SCH)
The synchronization channel provides reference signals for time, frequency and frame synchronization and BS identification for system acquisition. 
Synchronization channel (SCH) is further divided into primary synchronization channel (P-SCH) and secondary synchronization channel (S-SCH).
P-SCH is used for symbol timing and frequency acquisition. P-SCH is transmitted in same OFDM waveform for all cells to enable fast synchronization.
S-SCH is used to determine the cell ID, and assistant CQI measurement. S-SCH is transmitted in cell specific OFDM waveform.

11.x.2.1 Location of synchronization channel
In time domain, 16m SCH is transmitted one or more times every super frame. The interval between P-SCH and S-SCH is fixed. 16m SCH is placed in last DL sub frame in 16m zone and is located after P-BCH, the interval between 16m SCH and 16e preamble is fixed. CP length is fixed for the OFDM symbols carrying P-SCH and S-SCH.

In frequency domain, 16m SCH is transmitted only in the central part of the whole system band (e.g. 5MHz) in order to enable bandwidth identification and support system access for MS with different bandwidth capabilities.
Figure xx is an example of SCH location.
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Figure xx location of SCH
11.x.2.2 Multiplexing of SCH and BCH

The multiplexing of P-SCH and S-SCH is TDM. The design provides enough power to guarantee cell search performance.
The multiplexing of SCH and BCH is TDM and the multiplexing of P-BCH and S-BCH is TDM. If the system bandwidth is big enough, the retaining bandwidth may carry other data or control channel.

11.x.2.3 Transmission of synchronization channel
Symbol and super-frame timing is addressed by effective synchronization sequence in a super frame. The synchronization sequence must be sufficiently distinct to enable fast detection for quick system acquisition.
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Figure xx synchronization channel transmission structure

After P-SCH sequences and S-SCH sequences are generated, P-SCH and S-SCH sequences firstly are processed with DFT operation and then are mapped on sub-carriers.

11.x.2.4 Synchronization sequences generation

The SCH sequences are based on a particular sequence which has very low PAPR and better cross correlation between any pair of the sequences.
The P-SCH sequence is defined: 


[image: image22.wmf](

)

exp40,,1

G

G

k

PkjkN

N

p

æö

=-=×××-

ç÷

èø


The S-SCH sequences are defined:
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Where
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 is desired sequence length and the integer “u” is referred to as class index, a different “u” will act as a cell ID.

11.x.2.5 SCH sequence sub-carrier mapping
The P-SCH and S-SCH are transmitted only on the central part of the overall transmission band of the cell. Because sequence inherent characteristic, SCH time domain sequence is composed of two repeated sequences though SCH is transmitted on continuous sub-carriers, the inherent characteristic allow coarse time synchronization in time domain with P-SCH and provide better performance because longer sequence and larger cell ID set with S-SCH.
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Figure xx synchronization channel time domain structure
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Figure xx synchronization channel frequency domain structure
11.x.2.6 Scramble for S-SCH
S-SCH is scrambled by 2 bits LSBs of frame index and P-SCH sequence to determine the super frame boundary and the frame in which P-BCH is carried in despite of transmission period of SCH and BCH. These two bits can also be used to seed PHY algorithms like hopping/scrambling etc. P-BCH carries all the bits of system time information.

11.x.2.7 Cell search procedure
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Figure xx cell search procedure

------------------------------------End text proposal------------------------------------
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