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1. Introduction.
In this contribution we propose the initial cell search procedure for E-UTRA. We also focus on some problems due to the multiple cyclic prefix (CP) lengths in the initial cell search and propose a solution to the problems. The proposal includes a sub-frame structure for the long CP and a downlink channel structure for multiplexing of uni-cast and multi-cast data where both uni-cast and multi-cast data are multiplexed onto a single RF carrier.

2. Initial cell search concept.
Several initial cell search procedures have been proposed by many companies [1-9]. These initial cell search procedures can be roughly classified into two groups in terms of the usage of reference symbols in the cell search process. For the cell search, one group [1-4] doesn’t utilize the reference symbols while the other group utilizes the reference symbols in addition to the synchronization channel (SCH) [5-8]. We think that the reference symbols should be efficiently used in the initial cell search for the following reasons.

· The reference signals appear every sub-frame while the SCH appear several times per 10ms radio frame. The initial cell search performance could be improved by exploiting the frequent appearance of the reference signals.

· The use of only SCH with Generalized Chirp Like sequence can’t provide sufficient number of sequences for the cell IDs. The complementary use of reference symbols can make it possible to supply an adequate number of cell ID sequences.

We propose the following.

· The cell IDs are grouped into several subsets (cell ID groups). The appropriate number of cell IDs and cell ID groups is FFS.

· The cell search process consists of three steps: symbol & sub-frame time synchronization, cell ID group detection and then cell ID identification (i.e. the determination of a single cell ID from a candidate list which is narrowed down by first determining the cell ID group). This is similar to the 3-step cell search procedure used in WCDMA.

· SCH should be used for symbol & sub-frame time synchronization and the cell ID group identification. The SCH is located in the last (and the second last) OFDM symbols.

· The reference symbols in the first OFDM symbol should be used to identify the cell ID after the cell ID group is detected.

3. Issues with multiple cyclic prefix lengths.
It has been agreed that both short and long CP sub-frames are available in the evolved UTRA [10]. In this section we discuss the problems due to the multiple CP lengths. This initial uncertainty regarding the CP length can influence the performance of the initial cell search; as the UE has no prior knowledge regarding the physical channel parameters before the cell information transmitted over BCH is successfully decoded [5]. In order to detect sub-frame timing irrespective of the CP length, it has been proposed that the synchronization channel (SCH) is located at the end of sub-frames [5, 9]. This still leaves the problem of identifying the cell ID by correlating the received reference signal against different candidate cell IDs; since there are two possible FFT windows for the reference symbols; as shown in Figure 1.
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Figure 1 - Uncertainty in the process of cell ID identification.

1) In the case of cellular deployments consisting of macro and pico cells, both short and long CPs may be used respectively for small and large adjacent cells using the same frequency allocation (Figure 2).
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Figure 2 - Signals from macro and pico cells

· The complexity of the UE will be increased; as the cell ID identification process must be performed for each CP length as shown in Figure 3.
· The cell search performance will be degraded; as the number of candidate outputs from the correlator increases, in line with the number of CP lengths. The UE correlates the received reference symbols against the candidate cell IDs in the frequency domain for each possible FFT window. Assuming that there are 16 cell ID candidates and two CP lengths, the UE will have 32 possible output peaks when selecting the correct cell ID; as shown in Figure 3. This results in a degradation of cell search performance; which can be very significant in low SINR environments.
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Figure 3 - Example of cell ID detector

2) In the case of uni-cast and multi-cast data transmissions; where sub-frames with short and long CPs are time multiplexed onto a single transmission bandwidth.

Several schemes for multiplexing uni-cast and multi-cast have been proposed.
· Time multiplexing (TDM) is one possible way of multiplexing uni-cast and multi-cast data. In TDM the CP length may change every sub-frame. With multicast data, all the Node Bs(in the active set) should transmit identical information with the same timing and the reference signal for the multi-cast channel should be different from that of the uni-cast channel [11]. This could degrade the cell search performance as the process of identifying the cell ID requires averaging over several sub-frames as shown in Figure 4. (It is assumed here that the cell ID identification is done with the reference symbols.) 
· Alternatively uni-cast and multi-cast data can be frequency multiplexed onto sub-frames with long CPs; while being time-multiplexed with sub-frames which are fully reserved for uni-cast data and use a short CP [12, 13]. This method of multiplexing is referred to as TFDM. As with both TDM and TFDM the CP length may change on a sub-frame by sub-frame basis; although it is possible that the central bandwidth of long CP sub-frames is reserved for uni-cast data. Even so the performance of the initial cell search could be degraded because it is nearly impossible for the UE to perform cell search for each CP length sub-frame by sub-frame.
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Figure 4 - Averaging over sub-frames.
3) The following problems still remain for the reception of the BCH; after the identification of the cell ID.

· If the BCH channel is located in the first symbol of the sub-frame; demodulation must be performed assuming multiple CP lengths (Figure 5 (a)).

· The UE requires the CP length of the reference symbol for channel estimation; even if the BCH channel is located at the end of the sub-frame (Figure 5 (b)).
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Figure 5 - Uncertainty in the process of BCH reception

As a consequence the cell search procedure should ideally be independent from the CP length.
4. Proposed channel and sub-frame structure and initial cell search procedure.
In this section we describe the proposed 3-step cell search procedure which solves the problem due to multiple CP lengths.

4.1. SCH.

Several types of SCH structure have been proposed; a common SCH for all cells [5], a SCH consisting of the signal common to all cells and the signal indicating the cell ID (or cell ID group) [1], and SCH with M-repetitive structure in a OFDM symbol [2-3, 6]. As described in section 2, we think that the function of identifying the cell ID should be determined by the reference symbols; however the SCH symbol structure requires further study. The SCH channel is located at the end of the sub-frame in order to detect sub-frame timing regardless of the CP length. A low overhead of the SCH symbols within 10-ms radio frame and fast cell search acquisition are desirable; however there is a trade-off between the overhead and the cell search acquisition time and this needs to be considered when determining the number of SCH symbols required in each 10-ms radio frame.
4.2. Reference symbol.

The first reference symbol is located at the beginning of every sub-frame [14]. The second reference symbol, which is located in the third last OFDM symbol of every sub-frame, cannot be used in the initial cell search because of the uncertainty of positioning the FFT window due to the multiple CP lengths. And the reference symbol for uni-cast and multi-cast data is cell-specific and service-specific respectively. The position in the frequency domain should not vary from sub-frame to sub-frame and between cells.

4.3. Long CP sub-frame structure.

In the case of the long CP sub-frame, the CP insertion method for the first symbol is modified as follows; the last Ns samples of the useful symbol is added to the front of the useful symbol and the first Nl-Ns samples of the useful symbol is added to the end of the useful symbol as shown in Figure 6; where Ns and Nl correspond to the short and long CP lengths respectively.
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Figure 6 - Proposed sub-frame structure.
4.4. BCH

· The BCH channel is located at the beginning or at the end of the sub-frame.

· The BCH carries information such as system bandwidth and CP length.

4.5. Multiplexing of uni-cast and multi-cast data

· The TFDM scheme is preferable.

· A central bandwidth of at least 1.25MHz is reserved for uni-cast data; so that the central reference signal becomes the same for both long and short CP sub-frames. This is illustrated by the examples in Figure 7 & Figure 8. The UE can detect the cell ID by only receiving the central 1.25 MHz of the transmission bandwidth.
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Figure 7 - A TFDM example for multi & uni-cast data with long cyclic prefix sub-frames.
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Figure 8 - Another TFDM example for multi & uni-cast data with long cyclic prefix sub-frames.
4.6. Initial cell search procedure

The proposed cell search procedure is described below.

1st step : Synchronize a symbol and sub-frame timing by correlation in the time domain
         Optionally synchronize a 10-ms radio frame timing if the SCH symbol is transmitted once
every 10-ms radio frame.

         Optionally estimate the frequency offset between the UE and the Node B.

2nd step : Identify the cell ID group.

         Optionally synchronize a 10-ms radio frame timing if a 10-ms radio frame timing is not detected in the previous step.
3rd step : Identify the cell ID by correlating the received reference signal with each of possible cell ID candidates which is narrowed down in the 2nd step.

The reception of BCH follows the 3rd step. The UE then detects the system bandwidth and the allocation of long CP sub-frames within the 10-ms radio frame, by decoding the BCH.

The cell ID identification process can be performed and the UE can receive the BCH with a single FFT window irrespective of the variable CP lengths as shown in Figure 9.
The proposed method is independent of the CP length and accordingly the detection performance is unaffected by the sub-frame by sub-frame changes in CP length; in addition the terminal complexity requirements are reduced.
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Figure 9 - Identification of cell ID irrespective of multiple cyclic prefix lengths.
In the demodulation the robustness against the multi-path environments, of the first OFDM symbol of the proposed long CP sub-frames is the same as that of the OFDM symbols with the conventional long CP according to the method as shown in Figure 10, although the cyclic prefix length of the first OFDM symbol of the proposed long CP sub-frame is the same as that of the short CP sub-frames. It is assumed that the terminal knows the CP length of the received sub-frames, as the BCH has been decoded.
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Figure 10 - Demodulation of the first symbol in proposed long cyclic prefix sub-frame.
5. Simulation results.
We evaluated the detection probability of the cell ID when conventional or proposed long CP sub-frames were randomly interleaved with short CP sub-frames. Also the TFDM scheme for multiplexing uni-cast and multi-cast data is used and the central bandwidth of 1.25MHz is reserved for uni-cast. During the identification process the UE only receives the central 1.25MHz of the entire transmission bandwidth. And the averaging is done over 16 sub-frames. The simulation assumptions are shown in Table 1.
Table 1
Simulation parameters.

	Cell model
	Isolated cell

	First reference symbol allocation
	One in two sub-carriers transmitted at the start of every sub-frame.

	Reference signal bandwidth for uni-cast channels using the long cyclic prefix sub-frames
	Central 1.25MHz

	SCH bandwidth
	Central 1.25MHz

	Channel model
	Typical Urban (6path), 30[km/h]

	Rx Diversity
	2 branch

	Sub-frame timing synchronization
	Ideal

	Group identification
	Ideal

	The number of cell ID candidates per group
	16


Figure 11 shows the simulation results. The results for the case where the conventional long CP sub-frames are randomly interleaved with short CP sub-frames are shown in Graph (a). And those for  the case where the proposed long CP sub-frames are randomly interleaved with short CP sub-frames are shown in Graph (b). In the simulation for both long CP sub-frames, the UEs carry out the cell identification process with single FFT window for short CP OFDM symbol (not long CP OFDM symbol).
The simulation results show that the detection probability of the cell ID for conventional long CP sub-frame degrades as the ratio of long CP sub-frames to all transmitted sub-frames increases (Figure11 (a)). The detection probability of the cell ID  for the proposed long CP sub-frame does not decrease regardless of the ratio of the insertion of proposed long CP sub-frame.  
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(a) Conventional                                 (b) Proposed

Figure 11 - Detection probability of the cell ID ( r : ratio of long CP sub-frames to all transmitted sub-frames).
6. Conclusion.

In this contribution, we have proposed the initial cell search procedure and a channel structure and long CP sub-frame structure which solve the problems due to the multiple CP length. According to the proposal the terminal complexity requirement are reduced. The proposal also allows reliable cell synchronization in the case of TFDM multiplexing of uni-cast and multi-cast data. It has been shown that the use of the conventional long CP sub-frame structure will degrade the initial cell search performance when randomly transmitted along with short CP sub-frames.
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8. Text proposal
Changes for TR25.814

~~~~~~~~~~ start of text proposal ~~~~~~~~~~

7.1.1.2.2 Downlink reference-signal structure

The downlink reference signal(s) can be used for at least  

· Downlink-channel-quality measurements

· Downlink channel estimation for coherent demodulation/detection at the UE

· Cell search and initial acquisition

The basic downlink reference-signal structure, consisting of known reference symbols, is illustrated in Figure 7.1.1.2.2-1.

Reference symbols (a.k.a. ”First reference symbols”) are located in the first or second OFDM symbol of a sub-frame. 
The initial cell search performance could improve if the first reference symbols are located in the first OFDM symbol of a sub-frame and the cyclic prefix (CP) insertion for the first symbol of long CP sub-frame is done in the following way; a cyclic prefix of NS samples and a postfix of NL - NS samples are copied from the end and the start of the useful symbol respectively; where NS and NL correspond to the short and long CP lengths respectively.
~~~~~~~~~~ end of text proposal ~~~~~~~~~~
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