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I. Introduction

At the last Seoul meeting, TDM between P-SCH and S-SCH has been decided as working assumption and four candidate schemes (approach 1, 1a, 2, 2a) were discussed. In the draft session of that meeting, some basic concepts for the approach 1 were discussed further [1]. Even though we did not present our preference at the meeting, our current preference is the approach 1. In this contribution, we discuss additional issues to be decided for the approach 1.
II. The SCH/BCH position and CP length
There are two options for P-SCH and S-SCH position [1]. The first option is that P-SCH is placed in the last OFDM symbol of the first sub-frame and S-SCH in the last OFDM symbol of the second sub-frame. The second option is that P-SCH is placed in the last OFDM symbol and S-SCH in the second last OFDM symbol of the first sub-frame. In the first option, coherent detection of S-SCH (including coherent Rx antenna combining, coherent symbol combining [2]) cannot be employed and this may result 3~5 dB performance degradation of the first option in the cell search second step compared to the second option. And even in the first option, the CP length should be detected before the 3rd step and the 4th step if the CP length for the sub-frames which contain the P-SCH and S-SCH symbols is not fixed. Due to these reason, our preference is the second option. In addition, if we put the BCH in the same sub frame, then cell search (including BCH demodulation) may be performed efficiently. We can find the CP duration of the sub frame which includes SCH and BCH based on the blind detection of S-SCH signal. But another way is to fix the CP length of the sub frame. We do not have any strong opinion whether or not to fix the CP for the sub frame. Fig. 1 shows possible subframe formats for long and short CP cases. If SCH/BCH are located in the sub frame with long CP (and if it is used for MBMS service), we think, cell common MBMS reference signal may not be needed in 1.25 MHz BW in the subframe.
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Fig. 1. Possible SCH and BCH positions for the second option in approach 1.
III. The number of P-SCH sequences

In this section, we analyze the impact of cell common P-SCH on the cell search performance when we use coherent second step. We assume non-initial cell search at synchronized two-cell model [2]. Basic simulation parameters are in appendix A. In addition, we assume BPSK modulated S-SCH sequences (see section IV). In the simulation, we assume very low SNR environment and ideal 3rd steps. (As mentioned in [2], the first step is not required in synchronous network). It can be noticed that when we use different P-SCH sequences for neighboring two cells, the performance is much better than when we use single common P-SCH sequence. Thus, considering only the performance in synchronized network, it is better to use different P-SCH between neighboring cells. But if we use multiple P-SCH sequences in the system, the first step complexity may be high in initial cell search or non-initial cell search in non-synchronized network. Therefore it should be carefully decided whether to use or not to use multiple P-SCH sequences.
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Fig. 2. Cell search performance according to different number of P-SCH sequences

(Two-cell model, synchronized)

IV. S-SCH sequences for frame boundary detection
The S-SCH should convey at least cell group ID and frame boundary information. It may convey p-BCH TTI boundary information if the TTI of p-BCH is larger than 10 msec so that the blind detection of p-BCH can be avoided, but this is depend on further study results on p-BCH payload size. And additionally it may include the information of p-BCH antenna configuration. But we prefer not to include the antenna information to the S-SCH because it causes additional complexity in cell search second step. If we apply the same antenna diversity for SCH and p-BCH and use S-SCH for the phase reference of p-BCH, the information of the p-BCH antenna configuration is not needed for p-BCH demodulation. And even if we use the reference signal for the phase reference of the p-BCH, the information may not be needed in neighbor cell search environment because the UE can get the information from the serving cell. Anyway, it depends on the further study results on the p-BCH antenna diversity at the MIMO Ad hoc session.

For the frame boundary detection in the UE side, two S-SCH sequences (which length is 72) are alternated in the two instances within the radio frame. There are two options to generate the S-SCH signal. The first option is to use different (pseudo orthogonal) sequences at each instance to identify the frame boundary as case 1 of Fig. 3. But the second option is to use BPSK modulated sequences at each instance as in case 2 of Fig. 3. In case 2, the total number of S-SCH sequences in the system is half of case 1.
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Fig. 3. Two cases of S-SCH sequences for frame boundary detection (where a=1, b=-1)
Fig. 4 shows the non-initial cell search time performance. We also assumed two-cell model but non-synchronized network was assumed. Ideal 3rd step was also assumed because the issue in this section does not related with the 3rd step. We can see that the performances of both methods are almost same. Thus, it is recommended to use the BPSK modulated S-SCH sequence for frame boundary detection since it is more efficient in terms of receiver complexity.
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Fig. 4. Cell search time performance comparison between two different types of S-SCH structures.

(Two-cell model, non-synchronized)

V. The number of groups

It was decided to use 512 cell IDs for cell search working assumption at the last meeting. 512 cell IDs are divided into 64 groups in W-CDMA. But 64 groups may be not the optimal choice in EUTRA. In this section, we show the second step detection performances for different number of groups. Fig. 5 shows the performance according to different number of cell groups in single cell environment. (in the simulation, we assumed the number of S-SCH sequences is the same with the number of groups). From the figure, we can see that the larger the number of S-SCH sequences the second step performance becomes poor. This is due to the fact that if he number of S-SCH sequences is lager than the number of assigned subcarrier (i. e., 72), then the cross correlation may be poor.
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Fig. 5. Second step detection performance for different number of cell groups

On the other hand, if we use multiple P-SCH sequences, then the cell grouping strategy may be a little bit different from W-CDNA.  There may be two options.
Option 1: Cell group ID is decided by S-SCH sequence index and P-SCH sequence index specify some of the S-SCH sequence indices. (Fig. 6 (a))
Option 2: Cell group ID is decided by combination of S-SCH sequence index and P-SCH sequence index. (Fig. 6 (b))
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Fig. 6 shows examples of cell grouping concept. 
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(a) option 1 (Ngroups=NSSC)                             (b) option 2(Ngroups= NPSC x NSSC)
Fig. 6. Two dimensional cell grouping examples (NPSC=3, Ngroups=171, NcellID=513).
VI. Conclusions

In this contribution, we have dealt with details of cell search approach-1. SCH/BCH position, the impact of cell common P-SCH sequence on the cell search performance, S-SCH sequence for frame boundary detection and two-dimensional cell grouping when we use multiple P-SCH sequences are investigated. The followings are our preferences.
P-SCH/S-SCH/BCH location


   : within the same subframe.
The number of P-SCH sequences

   : multiple (ex, 3)

S-SCH sequence for frame boundary detection  : BPSK modulated sequences
Cell grouping 




   : two dimensional grouping
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Appendix A. Simulation Condition and Results
Table 1 shows the simulation assumptions. 
Table 1. Default simulation assumptions
	Transmission BW
	1.25 MHz

	Carrier frequency
	2 GHz

	FFT Size
	128

	Total Number of used subcarrier
	72

	Residual frequency offset
	200 Hz

	Number of S-SCH sequences 
	64 (pure GCL with length 73)
171 (Extended GCL with length 73)

342 (Extended GCL with length 73)

Refer to [4][5]

	P-SCH sequence
	Pure GCL with length 37
# of occupied subcarriers by P-SCH = 36

	Channel Model
	TU (6 paths)

	Antenna configuration
	1 Tx and 2 Rx 

	Antenna diversity
	No antenna diversity at Tx and EGC at Rx

	Loading for data traffic channel
	Full load (100% loading) over 72 sub carriers

The same power between SCH and Data

	The first step in the non-synchronized region
	Full length (128 time samples) coherent correlation (+/- 1 CP decision region assumption), 10 msec averaging

	The second step
	Coherent code detection based on P-SCH phase reference
Coherent antenna combining

Coherent time(symbol) averaging (10 msec)


_1223896246.unknown

_1223896358.unknown

_1223903544.vsd
1
2
.
.
56
57


1
2
.
.
56
57


1
2
.
.
56
57


1


1, 2, 3


4, 5, 6


511, 512, 513


S-SCH sequences


P-SCH sequences


Cell IDs


Group: 1


Group: 2


Group: 171


.
.
.


2


3



_1223915074.vsd
BCH


RS


BCH


Unicast RS
And SCCH


SCCH


RS
And
SCCH


SCCH


BCH


BCH


RS


S-
SCH


P-
SCH


BCH


BCH


For long CP


S-
SCH


P-
SCH


For short CP


The first TTI


The 6th TTI



_1223903473.vsd
1
2
.
.
56
57


58
59
.
.
113
114


115
116
.
.
170
171


1


2


3


1, 2, 3


511, 512, 513


4, 5, 6


S-SCH sequences


P-SCH sequences


Cell IDs


Group: 1


Group: 2


Group: 171


.
.
.



_1223896301.unknown

_1223887844.unknown

_1223887881.unknown

_1223379836.vsd
.
.
.


.
.
.


.
.
.


.
.
.


case 1 (# of sequences = 2NG)


case 2 (# of sequences = NG)


NG: # of cell groups



