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1. Introduction

At the last meeting, Approach1 in [1] was agreed as the working assumption and some details for Approach 1 have been discussed over the email reflector. One of the main issues is whether the reference signals which are sent from those sub-frames that contain P-SCH/S-SCH are used for detecting cell ID in the 3rd step. It seems to depend on implementation and whether reference signal is guaranteed to be transmitted in all sub-frames at any time. In the case of TDD, it is valid to use only reference signals in the sub-frames contain P-SCH/S-SCH in the initial cell search, since the UE does not know which sub-frames (other than those for P-SCH/S-SCH) are allocated for DL. In the case of FDD, if the reference signal is guaranteed to be transmitted in all sub-frames at any time, it seems to be natural to use all of them and the initial cell search performance can be improved. In that case the reference signal in all sub-frames should be used.
In this contribution we propose a slightly modified long-CP sub-frame structure solving some problems which occur due to possibility of existence of both long-CP and short-CP sub-frames in the downlink radio frames during the initial cell search.
2. Proposed long-CP sub-frame structure

As described in detail in [2], the UE has to perform the cell ID detection without knowledge of the CP length during the initial cell search. This causes the degradation of the initial cell search performance and higher complexity of the cell ID detector. Figure 1 shows our proposed long-CP sub-frame structure. The first OFDM symbol of the proposed long-CP sub-frame has a cyclic prefix and a cyclic postfix. The length of the cyclic prefix is the same as that of short-CP. The cyclic postfix is followed by the useful symbol. The proposed long CP sub-frame allows for UE to identify cell ID with a single FFT window irrespective of the variable CP length. In addition the UE complexity requirements are reduced.
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Figure 1  Proposed sub-frame structure.
It is noted that this modification of the first OFDM symbol in the long-CP sub-frame corresponds to just cyclic shift of the original OFDM symbol in the time domain or phase rotation in the frequency domain. So it is also possible to avoid the modification of the numerology by rotating only reference signals in the frequency domain.

In demodulation process 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 currently assumed long-CP OFDM symbols according to the method as shown in Figure 2. Since this method can be achieved by rearrangement in the buffer which store samples of received signal, there is no impact even on implementation. It is assumed that the UE knows the CP length of the received sub-frames.
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Figure 2  Demodulation of the first OFDM symbol in proposed long-CP sub-frame.
3. Simulation results

We evaluated the cell search time that achieves 90% detection probability when currently assumed [3] or our proposed long-CP sub-frames were randomly interleaved with short-CP sub-frames. It was assumed that the cell specific reference signals are available even in long-CP sub-frames and 1st reference signals appear every sub-frame. We employed the 3-step cell search procedure [1]. The simulation assumptions are shown in Table 1. Although some of them are different from the latest assumption in the RAN1, they do not relate to the evaluation of the effect of long-CP sub-frames.
Table 1
  Simulation assumption.

	System bandwidth
	1.25 MHz (75 sub-carriers)

	Number of sub-carriers occupied by SCH
	64

	Carrier frequency
	2 GHz

	SCH structure
	Hierarchical

P-SCH and S-SCH are multiplexed in the frequency domain.

	P-SCH
	Cell common sequence is used. Total length of P-SCH is 32.

	S-SCH


	Two Walsh sequences with length of 16 are interleaved in frequency domain. Total length of S-SCH is 32.

	Number of S-SCH sequences
	256

S-SCH indicates 32 cell ID groups,

2 radio frame timing candidates,

2 TX antenna configuration candidates,

2 CP length candidates of the sub-frame which carry BCH.

	Number of SCH symbols within radio frame
	2

	Number of cell ID candidates per group
	16

	Total number of cell IDs
	512

	First reference symbol allocation
	Every sixth sub-carrier in the first OFDM symbol of every sub-frame.

	Channel model
	Typical Urban (6path), 3[km/h]

	Rx Diversity
	2 branch

	Averaging time for 1st step
	1 radio frame

	Averaging time for 2nd step
	1 radio frame

	Averaging time for 3rd step
	4 sub-frame

	Frequency offset
	The frequency offset is fixed at 0 ppm and 3 ppm.

	Verification of detected cell ID
	Ideal


Figure 3 shows the simulation results. In the simulation for both long-CP sub-frames, the UE carries out the cell identification process with a single FFT window for short-CP OFDM symbol (not long-CP OFDM symbol).

The simulation results show that the cell search time for currently assumed long-CP sub-frame gets longer as the ratio of long-CP sub-frames to all transmitted sub-frames increases in the low SNR region. On the other hand the cell search time for the proposed long-CP sub-frame does not get longer regardless of the ratio of the insertion of proposed long-CP sub-frame.
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(a) Currently assumed long-CP sub-frame          (b) Proposed long-CP sub-frame
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(c) Currently assumed long-CP sub-frame                     (d) Proposed long-CP sub-frame

Figure 3  90% cell search time performance.
4. Conclusion
If the reference signal is guaranteed to be transmitted in all sub-frames at any time, all reference signals should be used for detecting cell ID detection in the 3rd step. We proposed a slightly modified long-CP sub-frame structure as a possible way which can solve the problems due to the possibility of existence of both long-CP and short-CP sub-frames. With the proposal the terminal complexity requirement related to the initial cell search could be reduced as only single FFT window for short-CP OFDM symbol is needed in the initial cell search. The proposal also allows reliable cell synchronization. It has been shown that the use of the currently assumed long-CP sub-frame structure will degrade the initial cell search performance when randomly transmitted along with short-CP sub-frames. This performance degradation gets worse as more long-CP sub-frames appear in the initial cell search.

 Our proposal demands slight modification to the CP structure of the first OFDM symbol of long-CP sub-frames. No impacts are expected to be on short-CP sub-frames. The modified table of [3] is shown in Appendix.
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Appendix
Table 7.1.1-1 - Parameters for downlink transmission scheme
	Transmission BW
	1.25 MHz
	2.5 MHz
	5 MHz
	10 MHz
	15 MHz 
	20 MHz

	Sub-frame duration 
	0.5 ms

	Sub-carrier spacing
	15 kHz

	Sampling frequency 
	1.92 MHz
(1/2 ( 3.84 MHz)
	3.84 MHz
	7.68 MHz
(2 ( 3.84 MHz)
	15.36 MHz
(4 ( 3.84 MHz)
	23.04 MHz
(6 ( 3.84 MHz)
	30.72 MHz
(8 ( 3.84 MHz)

	FFT size
	128
	256
	512
	1024
	1536
	2048

	Number of occupied 
sub-carriers†, ††
	76
	151
	301
	601
	901
	1201

	Number of 
OFDM symbols 
per sub frame
(Short/Long CP)
	7/6

	CP length (μs/samples)
	Short
	(4.69/9) ( 6,

(5.21/10) ( 1*
	(4.69/18) ( 6,
(5.21/20) ( 1 
	(4.69/36) ( 6,

(5.21/40) ( 1 
	(4.69/72) ( 6,

(5.21/80) ( 1 
	(4.69/108) ( 6,

(5.21/120) ( 1 
	(4.69/144) ( 6,

(5.21/160) (1 

	
	Long
†††
	(5.21/10 + 11.46/22) ( 1,

(16.67/32) ( 5
	(5.21/20 + 11.46/44) ( 1,

(16.67/64) ( 5
	(5.21/40 + 11.46/88) ( 1,

(16.67/128) ( 5
	(5.21/80 + 11.46/176) ( 1,

(16.67/256) ( 5
	(5.21/120 + 11.46/264) ( 1,

(16.67/384) ( 5
	(5.21/160 + 11.46/352) ( 1,

(16.67/512) ( 5


†Includes DC sub-carrier which contains no data

†† This is the assumption for the baseline proposal. Somewhat more carriers may be possible to occupy in case of the wider bandwidth
*: {(x1/y1) ( n1, (x2/y2) ( n2} means (x1/y1) for n1 OFDM symbols and (x2/y2) for n2 OFDM symbols
†††  The CP of the first symbol in Long CP sub-frame consists of a 5.21μs-long prefix and a 11.46μs-long postfix. 
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