
3GPP TSG RAN1 LTE Ad Hoc    





          R1-060014
Helsinki, Finland 

Jan 23 - 25, 2006
Agenda Item:

5.1.3.4
Source:


Motorola

Title:
 Cell Search and Initial Acquisition for EUTRA
Document for:

Discussion and Decision
1. Introduction

The initial acquisition and cell search process for OFDM-based cellular systems are being studied in E-UTRA, and some schemes have been proposed [1]

 REF _Ref118016722 \n \h 
[2]

 REF _Ref118016743 \n \h 
[3][4][5]. In [5], the cell search method identifying the cell index (or group index) without correlating over multiple candidate sequences was proposed. It enables to save computational complexity and to reduce the number of receiver processing steps. 
This contribution proposes synchronization channel structures providing cell group index and the radio frame structure without dependence on cyclic prefix (CP) length.
2. Required functions for initial acquisition and cell search 
The following functions are basically required for initial acquisition and cell search. 
· Detecting the OFDM symbol/frame timing and the frequency offset between Node-B and UE
· Obtaining cell specific information such as cell index, the system bandwidth, the number of transmission antenna and CP length of each sub-frame.
· Supporting long and short CP length
· Supporting multiple system bandwidth 
· Supporting both synchronous system and asynchronous system
Additionally, a small number of OFDM symbols for synchronization channel per radio frame and simple signal processing of the receiver are desired.
3. Radio frame format
In order to achieve the required functions, the proposed radio frame format has the following features.

· A sub-frame occupied by the physical channels for initial acquisition and cell search (the remaining resource in the occupied sub-frame can be used by other physical channels)

· The pre-determined CP length for the occupied sub-frame
· Synchronization channel providing the OFDM symbol/frame timing, the frequency offset and cell index (or group index) 

· Common control channel providing cell specific information such as the system band width, the number of transmission antenna and CP length of each sub-frame
An example of the radio frame format is illustrated in Figure 1. A reference signal (e.g., common pilot) may be inserted into the occupied sub-frame and is utilized for channel estimation if needed. 
This frame format always uses the long CP length for the sub-frame containing the synchronization channel. Therefore, inter symbol interference of the synchronization channel can be negligible in the case of a synchronous system. Additionally, because the common control channel is also inserted into the occupied sub-frame, the CP length of the common control channel is automatically identified before decoding the common control channel.
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Figure 1: An example of the radio frame format
 (when the first sub-frame is occupied and the number of synchronization symbols per frame is two)
4. Synchronization channel structure
The synchronization channel has one or possibly two kinds of synchronization symbols. In a first example, only one synchronization symbol is used.  It is first used for estimating the OFDM symbol timing and the frequency offset between Node-B and UE. The synchronization symbol uses the even numbered sub-carriers in order to create a symmetric waveform in the time domain. The synchronization symbol also provides cell specific information such as cell group index by the sequence that is mapped onto the even-numbered subcarriers. 
In a second example, the first synchronization symbol is only used as a system-wide common synchronization symbol without cell or group index information (i.e., same sequence in every cell), and an additional synchronization symbol is used to provide the cell specific information such as cell index or cell group index. This additional synchronization symbol can use all sub-carriers of the occupied band in order to increase synchronization symbol sequence length.
The code sequence for the synchronization symbol is the Generalized Chirp Like (GCL) sequence. Use of a GCL sequence simplifies the signal processing of cell search based on simple differential processing in the frequency domain and a single FFT operation [5].
The time domain symmetry of the first synchronization symbol is utilized for estimating the OFDM symbol timing and the frequency offset between Node-B and UE. A GCL sequence is mapped onto the even numbered sub-carriers. The illustration of sub-carrier mapping is shown in Figure 2. The differential correlation using the time domain symmetry is employed as the OFDM symbol timing detection method. For the purpose of timing estimation, the UE does not have to know the sequence used to create the synchronization symbol waveform. 

In case of a synchronous system, the symmetric synchronization symbol transmitted from all nearby cells are added and the time domain symmetry of the composite waveform is preserved. The resulting composite received synchronization symbol has increased power, thereby enhancing the initial OFDM symbol timing estimation accuracy.
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Figure 2: sub-carrier mapping of a synchronization symbol having time domain symmetry
5. Cell Search Procedure

Figure 3 shows initial acquisition and cell search procedure. Synchronization channel is utilized for OFDM symbol/frame synchronization, frequency synchronization and cell (or group) index identification. Other cell specific information is provided by the common control channel. In the case where the synchronization channel provides only the cell group index, the remaining cell indices can be detected by reference signal sequence pattern identification while decoding the common control channel.
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Figure 3: initial acquisition and cell search procedure
6. Simulation results
In this section, two methods providing cell group index are evaluated in terms of the GCL sequence index detection error (DER) (results for direct detection of the cell ID will be provided separately). It assumes that one synchronization symbol in the synchronization channel is utilized for providing the cell group index.
In the method1, a synchronization symbol having time domain symmetry is utilized for estimating the OFDM symbol timing and the frequency offset between Node-B and UE. This synchronization symbol also provides cell group index. The number of synchronization symbols per frame is one. 
In the method2, a synchronization symbol having time domain symmetry is utilized for only estimating the OFDM symbol timing and the frequency offset between Node-B and UE. Another synchronization symbol provides cell group index. This synchronization symbol uses all sub-carriers of the occupied band. The number of synchronization symbols per frame is two.

The simulation parameters are shown in Table 1. It assumes that the total number of cell group indices is sixteen. It means that the GCL sequence index detector selects the most reliable index from these sixteen candidates. The results are for a 1.25 MHz channel. The inter-cell interference is modeled as WGN. The number of averaged synchronization symbols for the OFDM symbol timing and the frequency offset detection is five. The number of averaged synchronization symbols for the cell group index detection is one.
Table 1 : simulation parameters

	Synchronization channel bandwidth
	1.25 MHz

	Number of sub-carriers
	76

	Sub-carrier spacing
	15 KHz

	Occupied bandwidth
	1.14 MHz

	Sampling rate
	30.72MHz

	Carrier frequency
	2 GHz

	Number of OFDM symbol per frame
	140

	Number of total synchronization symbols per frame
	1 (method1) ,2 (method2)

	Number of synchronization symbols having time domain symmetry per frame 
	1

	Number of synchronization symbols providing only cell group index per frame
	0 (method1), 1 (method2)

	Number of occupied sub-carriers of synchronization symbols having time domain symmetry
	38

	Number of occupied sub-carriers of synchronization symbols providing only cell group index
	75

	Prime number of GCL sequence of synchronization symbols having time domain symmetry
	41

	Prime number of GCL sequence of synchronization symbols providing only cell group index
	79

	Number of averaged synchronization symbols for OFDM symbol/frame timing detection
	5

	Number of averaged synchronization symbols for cell group index search
	1

	Frequency offset between Node-B and UE
	3 ppm

	Number of TX/RX antenna
	1/1

	Inter-cell interference Model
	WGN

	Propagation channel model
	6-path GSM Typical Urban 

	Vehicle speed
	30km/h 

	Doppler frequency
	55.56Hz


Figure 4 shows the DER performances of both methods. The CIR in Figure 4 means the power ratio of a synchronization symbol to additive noise. The blue line and the pink show the DER performance of the method1 and that of the method2, respectively.

It is found from the simulation results that the DER performances of both methods are almost the same when the inter-cell interference is modeled as WGN. Both methods providing cell group index can be applied to our proposed frame structure.  Note that these results used only a single SCH symbol for detecting the group index.  If further robustness is desired, the SCH from multiple frames can be averaged to further reduce the DER.
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Figure 4: the cell group index detection error 
7. Conclusions

In this contribution, synchronization channel structures suitable for providing cell index or cell group index and the radio frame structure without dependence on cyclic prefix length were proposed. Examples of the cell group index detection error rate performances using the proposed synchronization channel structure were also shown.  Further aspects including direct cell index detection based on the proposed structure will be investigated in a subsequent contribution.
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7.1.2.4

Cell search

Figure 1 shows the frame structure. A sub-frame is occupied by the physical channels for initial acquisition and cell search. The occupied sub-frame consists of synchronization channel and common control channel. 
Synchronization channel provides cell index (or group index). The radio frame timing, OFDM symbol timing and the frequency offset between Node-B and UE can be estimated by synchronization channel. Synchronization channel may include one or more synchronization symbols. A synchronization symbol for estimating the radio frame timing, OFDM symbol timing and the frequency offset between Node-B and UE use even numbered sub-carriers of the occupied band. It may also provide cell specific information such as cell group index. A synchronization symbol for only providing cell index (or group index) uses all sub-carriers of the occupied band. Common control channel provides cell specific information such as the system bandwidth, etc.. A reference signal is inserted into the occupied sub-frame if it is utilized for channel estimation. A pre-determined cyclic prefix length is utilized by all OFDM symbols in the occupied sub-frame.
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Figure1: An example of the radio frame structure 
(when the first sub-frame is occupied and the number of synchronization symbols per frame is two)
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