3GPP TSG RAN WG1 Meeting #45
R1-061117
Shanghai, China, 8-12 May, 2006
Source:
ETRI
Title:
Comparison of One-SCH and Two-SCH schemes for EUTRA Cell 


Search
Agenda Item:
11.1.3 Cell Search
Document for:
Discussion and Decision
I. Introduction

In this contribution, we compare performance of one-SCH and two-SCH (P-SCH and S-SCH) schemes. One-SCH schemes belong to the non-hierarchical SCH structure and two-SCH schemes belong to the hierarchical structure.

For simplification, we use the same SCH frame format for both schemes. 
II. SCH Structure Candidates
2.1 Single SCH structure (One-SCH)

Figure 1 shows the frame structure for the performance comparison [1]. In order to help understanding we define a “sync slot”, which is composed of 4 subframes so that one radio frame has 5 sync slots. The main reason to use 5 SCH symbols within one frame is to support efficient inter-RAT measurement (see Tdoc-060823 for details). Each sync slot has one SCH symbol as shown in Fig. 1. An SCH code sequence is allocated to each SCH symbol in the frequency domain as shown in Fig. 2. The SCH code sequences within one frame interval vary from slot to slot. This technique is called “code hopping”. The same approach was employed for the secondary synchronization code channel (SSC) in the WCDMA system. But the difference is that only one synchronization channel is used in this proposal while there are two SCHs in the WCDMA. The SCH symbol position in Fig. 1 is only one example; generally it may locate at any other position in the sync slot. 
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Figure 1. Proposed synchronization channel structure

The hopping pattern 
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 is used for the code hopping of synchronization channel symbols, where
[image: image3.wmf]g

is the hopping sequence ID, which has one to one correspondence to the cell specific PN scrambling code ID. The alphabet size of the hopping pattern is determined by the number of SCH code sequences used in the system.
The SCH occupies 1.25 MHz at the central part of the entire bandwidth regardless of the total transmission bandwidth of Node B and it uses only half of the allocated subcarriers as shown in figure 2.
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Figure 2. The subframe structure containing the SCH symbol (one-SCH structure).

In general, any good code sequences can be used as the SCH code sequences, but in this contribution, as an example we employ GCL sequences [6] which can be defined as
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(1)
where u is the SCH code sequence index given by the code alphabet of hopping patterns. N is the length of GCL sequence and is a prime number and there exit N-1 GCL sequences [6]. Since the number of subcarriers occupied by SCH is 38, we set N = 41 [6] so that the number of GCL sequences (or the alphabet size of hopping pattern) becomes 40.
Hopping Pattern
Appendix A shows 236 hopping patterns whose codeword length is 5 and code alphabet size is 40. It is important to note that the minimum hamming distance for any pair of the sequences or their cyclic shifted versions is 4. This implies that the maximum number of hit between any cyclic shifted pair of two sequences is only 1. So by detecting only 2 SCH symbols in the second step of cell search, we can uniquely identify the 10 msec frame boundary as well as cell ID. This property guarantees GSM to LTE measurement since we can always find two SCH symbols within 4 msec (< 4.6 msec) interval [7]. 
There are 2 possible ways to use the hopping patterns: The first option is to employ the scrambling code grouping concept. For example, 64 groups are used and 8 scrambling codes are allocated in each group as in WCDMA. In this case, only 64 hopping patterns are used in the system but the UE should employ the pilot (reference signal) correlation at the third step. The second option is to map each  hopping pattern with cell specific scrambling code directly. In this case, the maximum number of cell specific scrambling codes is the same as the number of the SCH hopping patterns. But the UE may not employ the pilot (reference signal) correlation, thus the complexity of cell search scheme can be reduced and the basic cell search time can also be reduced. 
2.2 Two-SCH structure 

For the fair comparison, we assume the same frame structure used in the one-SCH scheme for the two-SCH scheme. (see figure 1). But the SCH symbol is composed of P-SCH and S-SCH as shown in figure 3 [4]. The frequency domain code structure of S-SCH is the same as that of the one-SCH structure described in Sec. 2.1. But only one single common GCL sequence is used for the P-SCH so that the time domain signal of P-SCH is the same throughout all SCH symbol positions and all cells. For the fair comparison with the one-SCH scheme, the total power for the SCH is evenly split between P-SCH and S-SCH.
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Figure 3. The subframe structure containing the SCH symbol (two-SCH structure based on FDM [4]).

III. Cell Search Algorithm
In WCDMA, the cell searcher employs a three-step search method. The first step is the slot timing detection using the PSC (primary synchronization code) channel and the second step is the identification of the long PN code group ID as well as the frame boundary using the SSC channel. The third step is the identification of the cell specific long PN code ID among 8 candidates using CPICH.

The cell search algorithm used in this contribution is very similar to the WCDMA searcher but the one-SCH scheme [1] uses only one synchronization channel in the first and second steps. Two options are possible, that is, the first option is to employ the grouping concept (ex, one hopping pattern for one group) and the second option is to map the hopping pattern to the cell specific scrambling code directly. It should be further studied which option is better but it is obvious that the second option is much simpler than the first one in receiver complexity point of view, since the second option only uses the SCH symbols and does not use the reference symbols. 

In this contribution, we compare only the first and the second steps between the one-SCH and two-SCH schemes since the introduction of the grouping concept does not affect the SCH structure.
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Figure 4. Cell search algorithm.
3.1 The First Step 
The first steps of both schemes are similar except that the differential correlator is used for the one-SCH scheme and matched filter (P-SCH replica based correlator) is used for the two-SCH scheme.
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Figure 5. SCH symbol timing detector (one-SCH scheme)
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Figure 6. SCH symbol timing detector (two-SCH scheme)

The differential correlator output can be defined by Eq. (2) and the matched filter output can be defined by Eq. (3).
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 for one-SCH
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(3)
where NCP and Ns are the numbers of samples in the cyclic prefix and in the remaining part of the OFDM symbol duration, respectively (NCP = 10, Ns = 128). S(t) is the time domain signal waveform of P-SCH. For the two-SCH scheme, in order to reduce the impact of frequency offset, the total correlation length Ns can be divided Ln non-coherent segments [5]. We assume Lc is the coherent correlation length in one non-coherent segment. That is Ns = Ln·Lc.
In order to increase the detection probability in the first step, the correlator outputs are accumulated slot by slot so it requires a buffer of 3840-sample size (4 subframes). The peak detector selects the maximum value among 3840 candidates and outputs the corresponding time index to the second step searcher. In order to enhance the detection probability, the first step searcher can utilize multi frame samples without increasing the buffer size.
3.2 The First Step Complexity Comparison

For the differential correlator, the correlation value of previous sample can be reused in the current sample point so that the number of complex multiplication is just two per sample. However the matched filter (replica based detector) needs Ns+ Ln complex multiplication per sample. Assuming Ns=128, the number of complex multiplication for two-SCH scheme is 64 times larger than the one for one SCH scheme.
Table 1. Comparison of first step complexity
	First step detector
	Differential correlator

(one-SCH scheme)
	replica based matched filter

(two-SCH scheme)

	Number of Complex Multiplication per Sec
	3.84 M
	247.68 M


3.3 The Second Step 

The second step searcher contains the frequency offset compensation block, GCL correlator and hopping sequence/cyclic shifted index detector. The operation of second step is almost the same between one-SCH scheme and two-SCH one except the frequency offset estimation method. For the one-SCH scheme the frequency offset estimation is based on the differential correlation, bur for the two-SCH scheme, the frequency offset estimation is performed by decorrelating the P-SCH signal (Differential correlation cannot be used for the two-SCH scheme).

Using the 5x128 received samples as shown in Fig. 7, the second step searcher estimates the frequency offset (see Eq. (4) for one-SCH scheme and Eq. (5) for two-SCH scheme) and compensates the 5x128 samples using the estimated frequency offset. 
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Figure 7. Received signal samples aligned with acquired slot boundary (P=5)
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(5)
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(6)
where P=5 is the number of SCH symbols in the frame. And Rs is the sampling rate and arg{x} denotes the phase of complex value x. The GCL correlator in the second step searcher utilizes the frequency offset compensated samples. In (5), 
[image: image17.wmf]()

St

is the P-SCH signal in time domain. As mentioned above, the frequency offset estimation method for two-SCH scheme should have different approach with one-SCH scheme.
Figure 8 shows the GCL correlator used for both schemes. The 40 GCL correlator outputs are buffered via 5 SCH symbol positions. Using 5x40 GCL correlator outputs and the hopping pattern table in Appendix A, the second step searcher calculates the decision metrics defined in (7) where each decision metric corresponds to one of the 64x5 cyclic shifted sequences. By choosing the maximum value, the second step searcher can find the cell ID and 10 msec frame boundary simultaneously. In order to increase the detection probability the second step searcher can utilize multi frame samples without increasing the sample buffer size (5x128 samples).
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Figure 8. GCL correlator and cell ID/cyclic shifted index detector
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(7)
where 
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is the number of cells (that is 236), 
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 is the kth GCL correlator output at the pth SCH symbol position.
IV. Inter-RAT Measurement Issue
The initial EUTRA radio network of an operator may be located mainly in the urban area in order to save the initial deployment cost, thus the dual mode terminal might be introduced. In this situation, one of the important requirements of EUTRA is to support the inter-system handover, i.e., GSM to EUTRA or WCDMA to EUTRA handover [1]. 

In order to support the inter system handover, for example GSM to EUTRA, the dual mode UE should find the EUTRA cell during the call. That is, the UE should obtain the cell ID (scrambling code number) and frame timing, and measure the signal strength during some transmission gap. Otherwise the UE should perform the initial cell search after the handover but “cell search after handover” may cause a long handover delay.
Many contributions have proposed the SCH structure and cell search methods for EUTRA[6-15] , but most of them do not guarantee the inter-RAT measurement because they cannot obtain the cell ID or the frame boundary during a 4.6 msec transmission gap.

But the inter-RAT measurement can be efficiently performed with the one-SCH scheme [1] (with the two-SCH scheme considered in this contribution as well). Since at least two SCH symbols always exist within 4 msec, as mentioned in Sec. III, the cell (group) ID as well as the frame boundary can be obtained by using the hopping code property in the second step. And two symbol accumulations can be employed in the first step in order to enhance the first step performance in inter-RAT measurement situation.
V. Simulation Condition and Results
Table 1 shows the simulation assumptions. The accumulation length (observation length) for the 1st and 2nd step is one radio frame (10 msec).
Table 1. Simulation assumptions
	Transmission BW
	1.25 MHz

	Carrier frequency
	2 GHz

	FFT Size
	128

	CP length (NCP)
	10 sample

	Total Number of used subcarrier
	76

	Number of active sub-carriers of the synchronization symbols
	38 for one-SCH scheme (37 is null)                                   

5 for two-SCH scheme (37 for P-SCH, 38 for S-SCH)

	Number of GCL sequences (=alphabet size of hopping code)
	40

	Number of hopping patterns = NGroup
	236 : see appendix A

	Number of sync slots per 10 msec frame
	5

	Observation length for 1st step
	10 msec (5 Sync slots accumulation)

	Observation length for 2nd step
	10 msec (5 synchronization symbols)

	Channel Model
	TU (6 paths) 3Km/hr or 120 Km/hr

	Antenna configuration
	1 TX and 1 Rx (No diversity)

	Loading for data traffic channel
	Full load (100% loading) over 76 sub carriers
The same power between SCH and Data


6.1. First Step Performances

In the first step, we define the valid timing detection region to be within 
[image: image23.wmf]±

NCP sample duration.

Fig. 9 shows the first step detection error rates for 3 km/hr vehicle speed and “0” frequency offset. If we assume the target DER for the first step is 10%, the performance gain of the one-SCH scheme is 3.5  dB over the two-SCH scheme with Ln = 1 and 2 dB over the two-SCH scheme with Ln = 2. As mentioned earlier Ln is the number of non-coherent segments of the replica correlator in the two-SCH scheme.
Fig. 10 shows the first step detection error rates for 120 km/hr vehicle speed and “0” frequency offset. There appears some error floor at high SNR for the two-SCH scheme. If we assume 10% target point, the performance gain of the two-SCH scheme over the one-SCH scheme is 3 dB for Ln = 1 and only 1 dB for Ln = 2.

Fig. 11 and 12 show the results with non-zero frequency offsets, that is, 6 KHz and 10 KHz respectively. There is severe performance degradation for the two-SCH scheme with Ln = 1, implying that the two-SCH scheme cannot employ Ln = 1 for the initial cell search. Furthermore, with Ln = 2, the two-SCH scheme (at 10 % DER) has a performance gain of just 1 dB over the one-SCH scheme.
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Figure 9. 1st step DER for 3Km/hr and 0 frequency offset
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Figure 10. 1st step DER for 120Km/hr and 0 frequency offset
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Figure 11. 1st step DER for 120Km/hr and 6 KHz frequency offset
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Figure 12. 1st step DER for 120Km/hr and 10 KHz frequency offset
6.2 Second Step Performances

Fig. 13 and 14 show the second step detection error rates with “0” frequency offset for 3 km/hr and 120 km/hr, respectively. We assume that the number of cell IDs is 236. It is found that the one-SCH has performance gains of 3 dB at the 10-1 DER, 4 dB at the 10-2 DER, and 6 dB at the 10-3 DER. 
In the two-SCH scheme, coherent detection of S-SCH using P-SCH as a phase reference may improve the second step performance. However, even in this case, the two-SCH scheme cannot outperform the one-SCH scheme. More importantly, the use of the cell common P-SCH as a phase reference can cause severe performance degradation in inter Node-B synchronous environment. 
Fig. 15 and 16 show the second step detection error rates with “6KHz” frequency offset for 3 km/hr and 120 km/hr, respectively. We find severe performance degradation for the two-SCH scheme. We guess that this performance degradation comes from the ICI between P-SCH and S-SCH due to the frequency offset estimation error.
[image: image28.png]Second Step DER

"0" offset, 3 Km/hr, N_ =236

0.1

0.01

1E-3

~® :2SCHs |
—m—:1SCH

Total SNR/sample




Figure 13. 2nd step DER for 3km/hr and 0 offset
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Figure 14. 2nd step DER for 120 km/hr and 0 offset
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Figure 15. 2nd step DER for 3 km/hr and 6 kHz offset.
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Figure 16. 2nd step DER for 120 km/hr and 6 kHz offset.
VI. Conclusion
In this contribution, we have compared one-SCH and two-SCH schemes with and without frequency offsets. From the simulation results, the following conclusions can be drawn:
First step:
· In the presence of the frequency offset, the two-SCH scheme employing the regular replica-based detection method shows a very poor performance.
· The two-SCH scheme with two-part replica-based detection has a 2 dB gain at 3 km/hr and a 1 dB gain at 120 km/hr for 10% detection error rate. But there appears an error floor at 120 km/hr for the two-SCH scheme.
· For the first-step complexity (the number of complex multiplications), the two-SCH scheme is 64 times higher than the one-SCH scheme.
Second step:

· Without frequency offset, the one-SCH scheme has a 4 dB gain over the two-SCH scheme at the 1% detection error rate.
· With frequency offsets, the two-SCH scheme shows severe performance degradation. 
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Appendix A (236 hopping code patterns)
0 ~ 63                       64 ~ 127                
128 ~ 195               
196 ~ 235
4,5,6,7,8
                 
28,1,15,29,2
16,32,9,30,32
8,6,33,30,33 

9,10,11,12,13
16,30,3,17,31
16,0,36,18,20
14,4,28,34,17 

14,15,16,17,18
4,18,32,5,19
34,9,18,35,9
11,30,38,4,1 

19,20,21,22,23
21,35,8,22,36
31,19,6,38,24
5,21,2,39,26 

24,25,26,27,28
9,23,37,10,24
23,2,21,9,13
33,19,36,26,10 

29,30,31,32,33
38,11,25,39,12
0,1,29,14,28
9,2,34,25,34 

34,35,36,37,38
33,7,22,37,11
36,19,0,3,27
18,10,9,29,28 

0,2,4,6,39
                 
26,0,15,30,4
13,36,27,20,6
8,24,2,25,22 

35,38,0,29,32
19,34,8,23,38
3,26,17,14,26
22,20,31,29,16 

33,36,39,1,4
12,27,1,16,31
24,19,31,5,25
18,3,13,7,10 

5,9,13,38,1

5,20,35,9,24
23,17,4,1,4

16,28,23,22,4 

6,12,29,35,0
39,13,28,2,17
12,35,18,1,24
23,32,28,6,39 

36,1,18,24,30
32,6,21,36,10
35,31,11,3,34
11,29,19,24,39 

7,13,19,25,31
14,35,15,36,16
23,35,5,38,18
17,1,2,22,38 

2,8,14,20,37
3,27,34,23,8
24,0,12,36,2
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