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1. Introduction
At the RAN#28 meeting in Quebec, multiple transmission bandwidths from 1.25 to 20 MHz were approved [1]. This contribution proposes a cell search, i.e., initial acquisition, method and physical channel concept focusing on the configuration of the downlink synchronization channel, cell-specific scrambling sequence, and common control channel, which are appropriate for the scalable transmission bandwidth for the Evolved UTRA.
2. Requirements for Cell Search in Evolved UTRA with Scalable Bandwidth

2.1. Assumptions

In the Evolved UTRA, the UE must acquire the best cell with the minimum path loss between the cell and the target UE. This initial cell acquisition process is called cell search. In the Evolved UTRA, the fast cell search is necessary assuming the following conditions. 

(1) Multiple carrier frequency spectrum

In the Evolved UTRA and UTRAN, the 3G spectrum including an additional spectrum is to be used. Furthermore, the GSM spectrum such as the 900-MHz frequency band is to be considered. Therefore, the UE must search multiple frequency spectra in the initial cell search process.

(2) Scalable bandwidth

It was decided at the RAN#28 meeting in Quebec that multiple transmission bandwidths from 1.25 to 20 MHz will be used in the Evolved UTRA and UTRAN [1]. Thus, we must consider various types of UE with different bandwidth capabilities. Furthermore, we must consider cell sites (BTSs) with various frequency band capabilities. For instance UE with the maximum bandwidth capability of 20 MHz must be able to establish a radio link to a BTS using a scalable bandwidth from 1.25 to 20 MHz. Similarly, the UE with a 5-MHz band capability must be able to establish a radio link to a BTS using a scalable bandwidth.

(3) Frequency raster

The same as in UMTS, the UE must acquire a carrier frequency to connect to the target cell, which is on the frequency raster separated every 200 kHz (or possibly a multiple of 200 kHz).

(4) OFDM-based access

At the RAN1#40bis (Beijing) and RAN1#41 meetings (Athens), most companies proposed using OFDM-based radio access in the downlink. Therefore, in this contribution, we assumed OFDM-based radio access as the downlink radio access scheme for the Evolved UTRA.

2.2. Problems to be solved

Figure 1 indicates the flow of the initial cell search in the Evolved UTRA. Here, we assume the effective use of the cell-specific scrambling code to randomize other-cell interference [2].
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Figure 1 – Flow of initial cell search in the Evolved UTRA

Taking into account the conditions for the Evolved UTRA described in Section 2.1, we must achieve the following purposes in the initial cell search process.

· Assuming various transmission bandwidths from 1.25 to 20 MHz at various carrier frequencies, it takes a long time for the UE to acquire the target cell. Thus, a fast cell search method is necessary.
· How can UE that supports the capability of a certain transmission bandwidth acquire the target cell with a different transmission bandwidth capability and establish a radio link to it? The UE does not know the bandwidth capability of the target cell to be searched at the initial cell search. Moreover, how does a set of UE with a 5-MHz bandwidth capability establish a radio link to the cell with a 20-MHz bandwidth capability? 

To address the first purpose, in order to make it possible for the UE to detect any fractional bandwidth of the entire transmission bandwidth of the cell site, the sub-carrier spacing of the OFDM radio access in the downlink should have an integer relationship with the frequency raster such as 200 kHz. That is to say, the sub-carrier spacing should be a figure divisible by 200 kHz. However, the optimum sub-carrier spacing is decided by other factors such as the influence of phase noise and the Doppler effect, cyclic prefix length, and clock frequency. Therefore, in general, it is very difficult to find the optimum OFDM parameter set with a sub-carrier spacing that has an integer relationship with the frequency raster. As a result, the situation depicted in Fig. 2 occurs. In this figure, we assume a BTS with a 20-MHz bandwidth capability. Assuming that the center frequency of the center sub-carrier with 20 MHz coincides with the 200-kHz raster frequency, a set of UE with a 20-MHz bandwidth capability can acquire the cell easily. However, a set of UE with a 5-MHz bandwidth capability cannot acquire the cell since at any 5-MHz bandwidth in the 20 MHz, the center frequency of the center sub-carrier does not satisfy the 200 kHz raster condition. 
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Figure 2 – Difficulty in direct detection of arbitrary fractional bandwidth (center carrier frequency issue)

Furthermore, when the UE detects any fractional part of the entire spectrum of the cell (20-MHz bandwidth for instance) corresponding to the capable transmission bandwidths of the target UE, the following problems occur.
· The sub-carrier spacing should have an integer relationship with the 200-kHz frequency raster. However, this condition is very difficult to achieve as described earlier.

· The common control channel such as the broadcast channel must be transmitted at any fractional part of the entire transmission bandwidth such as any 5 MHz out of 20 MHz. This is not realistic (see Fig. 3). Note that when the frequency raster is 200 kHz, which is the same as the current UMTS, a total of 100 frequency rasters are included in the 20-MHz transmission bandwidth.

· Utilization of the frequency bandwidth of the target cell becomes imbalanced as shown in Fig. 4. This is because a set of UE with narrow transmission bandwidth would use a fractional part of the entire spectrum of the cell based on the UE cell search result, i.e., not by transmission bandwidth assignment from the cell. This prevents effective utilization of the transmission bandwidth over the entire bandwidth of the cell.
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Figure 3 – Difficulty in direct detection of arbitrary fractional bandwidth (redundancy of common control channel issue)
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Figure 4 – Difficulty in direct detection of arbitrary fractional bandwidth (unbalanced spectrum utilization issue)

3. Proposed Cell Search Method

We propose the following cell search method to address the problems described in Section 2.2. Figure 5 indicates the principle of the proposed cell search method.

· The UE first detects the central part of the spectrum regardless of the transmission bandwidth capability of the UE and that of the cell site (BTS). Then, the UE moves to the transmission bandwidth according to the UE capability for actual communications. This transmission bandwidth for communications is assigned by the common control channels from the BTS after the initial cell search.

· The center frequency of the center sub-carrier over the entire transmission bandwidth of each cell site is to be designed to satisfy the 200-kHz raster condition, regardless of the entire transmission bandwidth of the cell site as shown in Fig. 5.

· The system information and cell-unique information in the broadcast channel is transmitted only from the central part of the entire transmission bandwidth of each cell (note that details are given in Section 5)
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Figure 5 – Principle of the proposed cell search method

In the proposed cell search method, the sub-carrier spacing does not have to satisfy the integer relationship with the frequency raster such as 200 kHz. This is because the UE can acquire the best cell using the central part of the entire transmission bandwidth of the cell according to the UE bandwidth capability. Furthermore, we can avoid inefficient transmissions of the common control signaling from any fractional transmission bandwidth. Since the transmission bandwidth for actual communications is assigned by control signaling from the cell site, each cell site can manage the transmission bandwidth assignment of the UE. As a result, unbalanced utilization of the spectrum of each cell site can be avoided.
Figure 6 shows the flow of the proposed cell search method.   

(1) The cell search is performed using the downlink synchronization channel and common pilot channel in the downlink. The UE acquires the central part of the entire transmission bandwidth of the best cell site.

(2) The UE determines the common control channel in the downlink using the transmission bandwidth according to the capability of each set of UE. All the transmission bandwidth information of the target cell and transmission bandwidth information, which is to be assigned to that UE, are provided through the common control channel.

(3) Based on the information from the cell, the UE changes the center frequency to move the transmission bandwidth for actual communications. Note that the frequency offset value to the destination transmission bandwidth for actual communication does not necessarily need to have an integer relationship with the frequency raster, i.e., 200 kHz.
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Figure 6 – Operational flow of proposed cell search method

4. Configuration of Downlink Synchronization Channel Appropriate for Scalable Bandwidth
We propose three types of downlink synchronization channel structures.

· Proposed downlink synchronization channel structure (Configuration 1)

The features of the first proposed downlink synchronization channel structure (Configuration 1) are as follows (please see Fig. 7). In Fig. 7, the TDM based downlink synchronization channel assignment is assumed, and is mapped to all sub-carriers. For simplicity, eight sub-carriers per 5 MHz are assumed in the figure.

· The downlink synchronization channel is defined for the maximum transmission bandwidth such as 20 MHz. When a cell site has a narrower transmission bandwidth than the maximum one, the cells site uses the central part of the downlink synchronization channel corresponding to its transmission bandwidth.

· The downlink synchronization channel is transmitted using the entire bandwidth of the respective transmission bandwidth of the cell sites using the same OFDM modulation at each sub-carrier regardless of the transmission bandwidth.

· The downlink synchronization channel is designed so that autocorrelation function in the frequency direction becomes an impulse-like shape.
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Figure 7 – Proposed downlink synchronization channel configuration (1)

(Assuming TDM-based downlink synchronization channel mapped into all sub-carriers)

Although the downlink synchronization channel is mapped based on TDM into all sub-carriers in Fig. 7, other downlink synchronization channel assignments are possible in the proposed structure. In the example in Fig. 8, the TDM-based downlink synchronization channel is assigned at every two sub-carriers. In this way, the downlink synchronization channel does not have to be assigned continuously in the frequency domain. Furthermore, in Fig. 9, the FDM-based downlink synchronization channel structure is given.
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Figure 8 – Proposed downlink synchronization channel configuration (1)

(Assuming TDM-based downlink synchronization channel with discontinuous mapping in frequency domain)
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Figure 9 – Proposed downlink synchronization channel configuration (1)

(Assuming FDM-based downlink synchronization channel)

The following effects are obtained in the first proposed structure (Configuration 1).

· A set of UE with any transmission bandwidth capability can detect the central spectrum of the entire transmission bandwidth of the target cell in a short time, despite the fact that the target cell has any size transmission bandwidth.

· This is because the identical downlink synchronization channel structure is used irrespective of the transmission bandwidth of the cell, and the UE does not have to test all the possible transmission bandwidths independently.

· Furthermore, by using the low autocorrelation property of the downlink synchronization channel, the false detection probability to acquire the wrong spectrum bandwidth, which is shifted from the correct transmission bandwidth, can be decreased to a very small value.

· Proposed downlink synchronization channel structure (Configuration 2)

The features of the second proposed downlink synchronization channel structure (Configuration 2) are as follows (please see Fig. 10).
· The downlink synchronization channel is defined for the minimum transmission bandwidth among all transmission bandwidths. 

· The same downlink synchronization channel is mapped to the central part of the respective transmission bandwidths.

· The downlink synchronization channel is designed so that the autocorrelation function in the frequency direction becomes an impulse-like shape.
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Figure 10 – Proposed downlink synchronization channel configuration (2)

(Assuming TDM-based downlink synchronization channel mapped into all sub-carriers as an example)

The following effects are obtained in the second proposed structure (Configuration 2).
· Different from the first proposed structure, the second proposed structure achieves almost the identical area coverage for both the UE regardless of the UE capability of the bandwidth and transmission bandwidth of a cell site because the same transmission bandwidth of the downlink synchronization channel is achieved.

· However, a downlink synchronization channel using only 1.25 MHz may degrade the cell search time performance due to a smaller frequency diversity effect than the case with a wider transmission bandwidth.

· Other features are the same as those in the first proposed structure.

· Proposed downlink synchronization channel structure (Configuration 3)
The third proposed downlink synchronization channel structure employs a hybrid structure of the first and second proposed structures as shown in Fig. 11.

The following effects are obtained in the third proposed structure.

· The third proposed structure achieves a compromise in features between fair area coverage regardless of the transmission bandwidth of the UE and good cell search time performance.
· Other features are the same as those in the first proposed structure.
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Figure 11 – Proposed downlink synchronization channel configuration (3)

(Assuming TDM-based downlink synchronization channel mapped into all sub-carriers as an example)

5. Configuration of Two-Dimensional Scrambling Code Appropriate for Scalable Bandwidth
We propose a two-dimensional cell-specific scrambling code assignment scheme, which is defined by the maximum transmission bandwidth, i.e., 20 MHz. Each cell site uses the central part of the scrambling code according to its transmission bandwidth.

By using the proposed two-dimensional scrambling code assignment scheme, the following effects are obtained.

· The UE can detect the cell-specific scrambling code of the target cell by simply testing a common set of scrambling codes irrespective of the transmission bandwidth of the cell. Only one set of cell-specific scrambling codes is necessary regardless of the transmission bandwidth. Therefore, very fast cell search is possible.

· The UE does not need to prepare different scrambling codes for different transmission bandwidths. The UE can achieve fast cell search with a low level of computational complexity (small memory).

Examples of the proposed two-dimensional cell-specific scrambling code assignment schemes are given in Figs. 12(a) and 12(b). In Fig. 12(a), the scrambling code with the code length corresponding to the number of all sub-carriers is used. In the second OFDM symbol, the scrambling code is used, which is shifted by one code chip (one sub-carrier). In this way, two-dimensional scrambling is possible by cyclically shifting the scrambling code by the one code chip at every OFDM symbol in the time domain. Meanwhile, a two-dimensional scrambling code whose length is longer than the number of all sub-carriers for the maximum transmission bandwidth such as 20 MHz is used in the second example in Fig. 12(b).
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(a) Example 1: Scrambling code length equals the number of sub-carriers of 20 MHz bandwidth case, and cyclic shift is used for time domain scrambling
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(b) Example 2: Scrambling code length equals the number of sub-carriers x number of OFDM symbols of 20-MHz bandwidth case

Figure 12 – Proposed two-dimensional scrambling code assignment

6. Configuration of Downlink Common Control Channel Appropriate for Scalable Bandwidth
We propose three types of common control channel structures. Here, the common control channel conveys broadcast information etc.

· Proposed common control channel structure (1) 

Figure 13 shows the first proposed common control channel structure.
· Irrespective of the transmission bandwidth of the cell site, the common control channel for all users is transmitted from the central minimum transmission bandwidth, i.e., 1.25 MHz or 5 MHz

· Furthermore, for a wider transmission bandwidth, redundant bits (coded parity bits or repetition bits) for common information and/or special information for the UE with a wider transmission bandwidth are transmitted to improve the performance of the UE with a wider transmission bandwidth.

In the first proposed structure, the common control channel in the downlink can be demodulated and decoded directly regardless of the bandwidth capability of the UE after the cell search is finished. In wider transmission bandwidths, the decoding quality of the common control channel can be improved by using redundant bits.
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Figure 13 – Proposed common control channel structure (1)

· Proposed common control channel structure (2)

Figure 14 shows the second proposed common control channel structure.
· Irrespective of the transmission bandwidth of the cell site, the common control channel for all users is transmitted from the central minimum transmission bandwidth, i.e., 1.25 MHz or 5 MHz

· The transmission bandwidth allocated for the downlink common control channel is constant.

In the second proposed structure, the same packet error rate of the downlink common control channel is achieved irrespective of the transmission bandwidth capability of the UE. Thus, even when a set of UE has a wider bandwidth capability than that of the target cell site, the UE cannot utilize the benefit of a wider bandwidth. 
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Figure 14 – Proposed common control channel structure (2)

· Proposed common control channel structure (3)
The third proposed structure is a hybrid of Structures (1) and (2) as shown in Fig. 15. In this structure, transmission bandwidths from 5 to 20 MHz employ the same common control channel structure with a 5-MHz band. Meanwhile, 1.25 and 2.5 MHz transmission bandwidths use the common control channel with a 1.25-MHz band. The common control channel for 5 to 20-MHz transmission bandwidths contains the common control signals for users as that for 1.25 and 2.5-MHz transmission bandwidths and additional redundant bits.
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Figure 15 – Proposed common control channel structure (3)

7. Conclusion

In this contribution, the following physical channel concept and cell search method appropriate for scalable bandwidth operation were proposed.

· The UE first detects the central part of the spectrum regardless of the transmission bandwidth capability of the UE and that of the cell site (BTS). The UE then moves to the transmission bandwidth according to the UE capability for actual communications. This transmission bandwidth for communications is assigned by the common control channels from the BTS after the initial cell search.

· The center frequency of the center sub-carrier over the entire transmission bandwidth of each cell site is designed to satisfy the 200-kHz raster condition, regardless of the entire transmission bandwidth of the cell site

· The system information and cell-unique information in the broadcast channel are transmitted only from the central part of the entire transmission bandwidth of each cell using the minimum bandwidth.
Finally, we propose that the following text proposal in Section 8 should be included in RAN1 TR 25.814 “Physical Layer Aspects for Evolved UTRA”.
8. Text Proposal (Section 7.1.1.2 in TR25.814)

---------------------------------  Start of Text Proposal  -----------------------------------------------------

7.1.1.2  Multiplexing Including Pilot Channel Structure

7.1.1.2.X Physical Channel Concept for Scalable bandwidth
In order to support a scalable transmission bandwidth from 1.25 to 20 MHz for the Evolved UTRA, the following cell search, i.e., initial acquisition, method and physical channel concept including the configuration of a cell-specific scrambling sequence, downlink synchronization channel, and common control channel are beneficial and should be supported.

· The UE first detects the central part of a spectrum regardless of the transmission bandwidth capability of the UE and that of the cell site (BTS). The UE then moves to the transmission bandwidth for actual communications based on the common control channel information from the cell site according to the UE capability and channel load condition etc.

· The center frequency of the center sub-carrier over the entire transmission bandwidth of each cell site is to be designed to satisfy the 200-kHz raster condition, regardless of the entire transmission bandwidth of the cell site

· The system information and cell-unique information in the broadcast channel is transmitted only from the central part of the entire transmission bandwidth of each cell using the minimum bandwidth. Furthermore, a two-dimensional cell-specific scrambling code is defined by the maximum transmission bandwidth, i.e., 20 MHz, and each cell site uses the central part of the scrambling code according to its transmission bandwidth.
---------------------------------  End of Text Proposal  -----------------------------------------------------
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