3GPP TSG RAN WG1 RAN1 #45                          
R1-061265
Shanghai, China, 08 – 12 May, 2006

Source: 
ZTE
Title:
Further consideration on cell search information mapping
Agenda Item:
11.1.3

Document for:
    Discussion
1. Introduction
According to [1], UE should acquire the following cell specific information aside from the SCH symbol timing and frequency information:

· The overall transmission bandwidth of the cell

· Cell ID

· Radio frame timing information when this is not directly given by the SCH timing, i.e., if the SCH is transmitted more than once every radio frame.
· Information regarding the antenna configuration of the cell (number of transmitter antennas)
· Information regarding the BCH bandwidth if multiple transmission bandwidths of the BCH are defined, see also Section 7.1.2.4.3

· CP length information regarding the sub-frame in which the SCH and/or BCH are transmitted
The exact mapping of the information above on SCH, BCH or reference signal is still in discussion. In this contribution, we give the principles and considerations in mapping the information above mentioned.
2. Design Principles
The overall transmission bandwidth of the cell

This information is not the necessary information during cell search when BCH and SCH are transmitted only in the central part of system band. To achieve the fast cell search, we believe the information regarding the overall transmission bandwidth should be mapped on the BCH. In this way, the overall transmission bandwidth is available for UE after cell search.

Cell ID

There are three possible methods to map the information regarding cell ID. A. SCH contains all cell ID information. B. reference symbols contain all cell ID information. C. cell ID information is group-wised. SCH only contains the cell ID group information and the cell ID within the dedicated cell ID group is included in reference symbol.

Among all contributions appeared in LTE, the cell ID (group) is identified in frequency domain. There are typically two kinds of methods for the detection of cell ID (group). One is coherent method such as proposed in [2] and [3], in this way the needed channel estimation usually derived from SCH signal. The other is non-coherent method, such as proposed in [3] and [4]. Theoretical, coherent method provides better performance than that of non-coherent method. However, the accuracy of channel estimation based on SCH signal should be evaluated, especially in cellular conditions.

Radio frame timing

When the radio frame timing information cannot be indicated directly by SCH or BCH timing (i.e., if the SCH is transmitted more than once every radio frame), radio frame timing is a problem has to be handled. [5] proposed a method that UE can acquire the frame boundary prior to the detection of BCH. However, Unlike W-CDMA system, The BCH in E-UTRA is placed at a well-defined time instant after/before the downlink SCH by the time delay/advance of this provides the possibility of the timing of BCH can be acquired based on the SCH timing instead of radio frame timing and the radio frame timing can be based on the detection of BCH and SCH. Assuming BCH and SCH are transmitted more than once per radio frame, examples of transmission of SCH and BCH indicating the radio frame timing are shown in Figure 2-1.

Additionally, reference signal is transmitted in every sub-frame. If the reference sequence is repeated per radio frame, the radio frame timing can also be provided by reference signal.
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Figure 2-1 Example of transmission of SCH and BCH indicating the radio frame timing

Information regarding the antenna configuration of the cell (number of transmitter antennas)

According to [1], the following transmit diversity methods can be considered for BCH: TSTD, CDD and block code-based transmit diversity. If block code-based transmit diversity can bring more gain than TSTD and CDD, the information regarding the number of transmitted antennas should be detected by SCH or reference symbols. Otherwise, this information should be included in BCH. According our simulation results, STC can bring 1~2dB gain compared with TSTD and CDD. Therefore, that mapping the information regarding the antenna on SCH or reference signal is preferred. 

Information regarding the BCH bandwidth

If multiple transmission bandwidths of BCH are defined, the UE may acquire the BCH bandwidth from the SCH to reduce the decoding complexity of the BCH. Otherwise, this information is insignificant. The benefits of multiple BCH bandwidths are:

a. Larger frequency diversity effect when the overall transmission bandwidth is equal to or wider than 5 MHz.

b. UE can use the common pilot channel within the occupied bandwidth of the BCH for the cell ID detection.

Whether multiple transmission bandwidths of BCH should be defined depends on actual gain from frequency diversity and cell ID detection. 
CP length information regarding the sub-frame in which the SCH and/or BCH are transmitted
This information may not be necessary if the position of BCH and SCH are well defined. In [6], we proposed that the  should be a constant independent the variation in cyclic prefix length. In this way, the CP length information regarding the sub-frame in which the SCH and/or BCH are transmitted could be omitted.

In [1], three SCH symbol multiplexing methods are provided to achieve constant transmission timing within a sub-frame:

SCH Method 1: SCH symbol multiplexing on the last OFDM symbol within a sub-frame.

SCH Method 2: SCH symbol multiplexing on the first OFDM symbol within a sub-frame and mandating a short CP length for that OFDM symbol when both short and long CP lengths are used in a cell.

SCH Method 3: Mandatory usage of the same CP length (either short CP or long CP) for all the sub-frames to which the SCH is multiplexed, along with possible restrictions on the multiplexing of the MBMS channel.


Based on SCH Method 1~3, several methods to keep  as a constant are discussed in the following.


In the case of SCH Method 1, to keep  as a constant, BCH and SCH should be placed in the last symbol of different sub-frames. The position of BCH and SCH is illustrated in Figure 2-2.

In the case of SCH Method 2, BCH and SCH should be placed in the first symbol of different sub-frames. The position of BCH and SCH is illustrated in Figure 2-3.

It should be noted that it is difficult to keep  as a constant when BCH and SCH are multiplexed on the same sub-frame in the case of SCH Method 1 and 2.

In the case of SCH Method 3, whether BCH and SCH are multiplexed on the same sub-frame or not, it is possible to keep  as a constant. Some possible positions of BCH and SCH are illustrated in Figure 2-4~5.
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Figure 2-2 transmission timing of downlink BCH and SCH 
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Figure 2-3 transmission timing of downlink BCH and SCH 
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Figure 2-4 transmission timing of downlink BCH and SCH 
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Figure 2-5 transmission timing of downlink BCH and SCH
3. Cell Search Procedure

Based on above discussions, the proposed cell search procedure can be depicted as the following steps:

1. SCH Symbol timing and frequency offset detection. This is usually done in time domain by SCH signal. Additionally, if SCH signal is transmitted once per radio frame, the radio frame timing is also achieved simultaneously. 

2. Cell ID detection. When SCH are transmitted more than once per radio frame. The cell ID is group-wised. SCH only contains the cell ID group information and the cell ID within the dedicated cell ID group is included in reference symbol. The following configurations are preferred: A. the location where the reference symbol indicating the cell ID information is inserted is the same sub-frame as that SCH. B. SCH method 2 or 3 is preferred. Based those configurations, the detection for CP length information in which SCH are transmitted can be avoided. If the number of cell IDs within the cell ID group is large, the common reference signal within the occupied bandwidth of BCH can be used for cell ID detection. In this condition, SCH should contain the information regarding the BCH bandwidth. In addition, since block code-based transmit diversity for BCH can bring 1~2dB gain than that of TSTD and CDD, the information regarding the antenna configuration should be indicated by the SCH or reference signal.

3. Read the BCH signal. The BCH timing can be achieved based on the transmission timing of BCH and  SCH .The information regarding the overall transmission bandwidth should be contained in BCH. To coherent demodulation of BCH quickly, the position where the BCH is inserted in near the reference symbol contain the cell ID information. In addition, the radio frame timing can be achieved based on relative position of BCH and SCH.

4. Simulations

In this section, three possible diversity schemes (TSTD, CDD, STC) for BCH are evaluated. It assumes that BCH is located at the first two OFDM symbols of the sub-frame for all diversity schemes. In this case, the pilot spacing for STC and CDD/TSTD is 6 and 3sub-carriers respectively. For fair comparison, the power of each pilot sub-carrier for STC is twice of that for CDD. The simulation parameters are shown in Table 1.
Table 1: simulation parameters

	Channel bandwidth
	1.25 MHz

	Carrier frequency
	2GHz

	Number of sub-carriers
	76

	Sub-carrier spacing
	15 kHz

	Radio frame length
	10 ms

	Number of OFDM symbols in a sub-frame
	7

	MCS
	QPSK, CC, 1/2

	Number of Tx/Rx antenna
	2/2

	Channel model
	TU 

	Vehicle speed
	30km/h 
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Figure 3.1 BCH performances with different diversity schemes

Figure 3.1 show the shows the BLER performance of BCH with different diversity schemes at a vehicle speed of 30km/hr. the simulation results show that STC has the best performance, which has 1~2 dB gain compared to TSTD and CDD. Compare to CDD and TSTD, CDD with a suitable shift number (i.e. 8 in this simulation) has about 1dB gain. This shows that CDD can bring more transmit diversity gain.
Based on the simulation results, STC is the preferred transmit diversity scheme for BCH.
5. Conclusion

In this contribution, the mapping of cell specific information about cell search was discussed. The performance of BCH with different transmit diversity schemes were also shown.
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