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1. Introduction

Restricted set of cyclic shift has been agreed for high mobility cell to mitigate false detection and miss detection of RACH preamble due to large frequency offset.
In [6] , we propose an indication method for allocated RACH preamble sequences to cells on BCH with pre-defined ZC sequence index order, in order to minimize signalling overhead.
This paper discusses more details of the proposed pre-defined ZC sequence index order in [6] with taking into account cyclic shift restriction scheme for high mobility cell [2] 

 REF _Ref158525855 \n \h 
[3] . More specifically, we discuss the limitation of the maximum cell radius supported by each root ZC sequence index u, in order to avoid further arrival timing uncertainty at the receiver.
2. Discussion
2.1. Cyclic shift restriction [2] 

 REF _Ref158525855 \n \h 
[3] 
In order to reduce false preamble detection caused by large frequency offset due to UE mobility, cyclic shift sequences overlapped the wrong timing uncertainty windows of the other cyclic shift sequences are not used as shown in Figure 1(a). The wrong timing uncertainty window +1 and -1 denotes the timing uncertainty window of the delay profile appearing in wrong timing corresponding to +foff and –foff  frequency offset, respectively, as Figure 1(b).
In case of LOS (Line-of-sight) condition, the either side of frequency offset, i.e. + foff or - foff , becomes dominant. Therefore, the correlation values i.e. delay profile, also appear in either side of the wrong timing uncertainty windows as Figure 1(c).
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Figure 1  Timing uncertainty windows and detected delay profiles.

Meanwhile, high miss detection due to high UE mobility in LOS condition [4] cannot be solved by just not using the cyclic shift sequences overlapped with the wrong timing uncertainty window. In order to reduce the high miss detection, the delay profiles appear within the wrong timing uncertainty windows have to be utilized. As an example, the delay profiles of the three windows are combined, and then the combined delay profile is used for preamble detection as shown in Figure 2 [3] .
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Figure 2  Profile combining of three uncertainty window to reduce the miss detection.
2.2. Limitation of cyclic shift restriction design
For design of cyclic shift set, the following restrictions have to be satisfied to avoid false preamble detection and further arrival timing uncertainty. Similar explanation was also described in [3] [5] .
(A) The two wrong timing uncertainty windows (-1, +1) of one cyclic shift sequence should not be overlapped with the correct timing uncertainty window (0) of the other cyclic shift sequences.
This restriction was agreed in RAN1#47bis (Sorrento meeting) to avoid the miss detection and the false detection for the cells with supporting extremely high mobility UEs.
(B) The two wrong timing uncertainty windows (-1, +1) of one cyclic shift sequence should not be overlapped with the wrong timing uncertainty window (-1, +1) of the other cyclic shift sequences.

If the delay profile arises within the overlapped region, the false detention of other cyclic shift sequence occurs as shown in Figure 3. This false detection may be translated into the arrival timing estimation error in case of the dedicated signature allocation for handover or re-synchronization.
(C) The two wrong timing uncertainty windows (-1, +1) of one cyclic shift sequence should not be overlapped with the correct timing uncertainty windows (0) of the same cyclic shift sequence.
If the delay profile arises within the overlapped region, it would make further timing uncertainty during the arrival timing estimation as shown in Figure 4.

(D) The two wrong timing uncertainty windows (-1, +1) of one cyclic shift sequence should not be overlapped each other (-1, +1).

If the delay profile arises within the overlapped region, it would make further timing uncertainty during the arrival timing estimation as shown in Figure 5.
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Figure 3  False detection when timing uncertainty windows of the other cyclic shifts are overlapped.
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Figure 4  Further arrival timing uncertainty (Doff <NCS).
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Figure 5  Further arrival timing uncertainty (K-2Doff < NCS)
2.3. Maximum supportable cell radius of ZC sequence
From the above limitation (C), the following condition has to be satisfied;
	Condition 1:  Doff ≥ NCS







            (1)


From the above limitation (D), the following condition has to be satisfied;

	Condition 2:  Doff ≤ (K-NCS)/2






            (2)


,where Doff is the number of samples between the correct timing and wrong timing of delay profile, NCS is the number of samples of cyclic shift duration, and K is ZC sequence length (samples), as shown in Figure 1.
The cyclic shift duration NCS is decided by cell radius of the cell as
NCS ∙ TS  > TRTD + TMD







(3)
where TS is sample duration of ZC sequence, i.e. TS = 800/K [sec], TRTD is the maximum expected round trip propagation delay (i.e. 6.67s/km), and TMD is the maximum expected multipath delay to be supported which is around 5sec.
Then, assuming time domain defined ZC sequence as [1] , Doff is calculated from ZC sequence index u and equation Doff (u) = (K∙m-1)/u, where m is the smallest integer number when (K∙m-1)/u becomes integer [3] . As more exact derivation, Doff can be derived from

Doff (u)∙u mod K = K−1 (= -1 mod K) or Doff (u) = -1/u mod K,   u = 1, 2, ... , K−1

(4)

From the relation among equation (1), (2), (3) and (4),
	Once NCS is decided by cell radius, ZC sequence indexes to be allocated with satisfying the condition 1 and 2 are limited.


Figure 6 shows the maximum supportable cell radius of each ZC sequence index u to satisfy condition 1 and 2 in case of ZC sequence length K = 839.
In addition, K-u = -u (mod K), hence, Doff (K-u) = (K∙m-1)/(-u) = -Doff (u). Then |Doff (u)| = |Doff (K-u)|, therefore,
	Condition 3: 
ZC sequence index u and K-u has the identical Doff and limitation of the maximum supportable cell radius [2] .
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Figure 6 Maximum cell radius supported by each ZC sequence index u to satisfy condition 1 and 2 (K=839).
2.4. Pre-defined ZC sequence index order
From the condition 1 and 2, we propose a pre-defined ZC sequence index order for allocated root ZC sequence indication as follows. This sequence ordering is in proportion to the maximum supportable cell radius of each root ZC sequence. Therefore, the maximum supported cell size of consecutive index r is close each other.
	The sequence index order is re-arranged as the order of index r, where index r can be easily obtained form
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(5)


Figure 7 shows the maximum applicable cell radius of sequence index to satisfy condition 1 and 2 with ZC sequence length K = 839.
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Figure 7 Maximum cell radius supported by proposed sequence index order r
 as derived from equation (5) to satisfy condition 1 and 2 (K=839). 
3. Conclusion

We discussed the limitation of the maximum cell radius supported by each available root ZC sequence index u for high mobility cell, in order to avoid further arrival timing uncertainty at the receiver.
From the discussion, we propose the followings;
· All three timing uncertainty windows of one cyclic shift sequence should not be overlapped each other and not overlapped with the timing uncertainty windows of the other cyclic shift sequences.

· Zadoff-Chu sequence index to be allocated should satisfy NCS ≤ Doff ≤ (K-NCS)/2.
· Pre-defined ZC sequence index order for allocated root ZC sequence is the order of index r derived from 
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Appendix: Link level evaluation results 
In this section, we show some results of the probability of miss detection, false detection and arrival timing estimation error, when using different combinations of the limitation (A), (B), (C) and (D) as shown in Table A-1. 

Table A-1 restriction condition and ZC sequence index.

	
	limitation(A)
	limitation(B)
	limitation(C)
	limitation(D)
	ZC index (u) used for evaluation

	Case 1
	(
	(
	(
	(
	3 (Doff = 559)

	Case 2
	(
	(
	
	(
	9 (Doff = 466)

	Case 3
	(
	(
	(
	
	356 (Doff = 403)

	Case 4
	(
	
	(
	(
	43 (Doff = 39)
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Figure A-1 relation of uncertainty windows of case (1), (2), (3) and (4).

Evaluation items and setup
We used the following evaluation conditions in order to evaluate the preamble detection performance under both NLOS and LOS environments.

· TU: 6-path Typical Urban with Doppler spread fD (from 0 to 650Hz) without additional frequency offset. This corresponds to NLOS.
· AWGN + Frequency offset (from 0Hz to 1600Hz). This corresponds to LOS.
We evaluate the following items in all cases (1), (2) and (3) 

· Miss detection performance under AWGN and TU channel,

· False alarm performance under AWGN and TU channel.
We evaluate the following items in case (1), (3) and (4) 

· Probability of arrival timing estimation error under AWGN and TU channel.

Other simulation condition is shown in Table A-2. 

Table A-2 Simulation condition.

	Parameter
	Value

	RACH BW
	1.08MHz (6RB)

	System BW
	5MHz

	Number of UE
	1

	Carrier frequency
	2GHz

	Preamble duration
	800us 

	Cyclic prefix duration
	102.6us

	Guard time duration
	97.4us

	ZC sequence length (NZC)
	839

	Zadoff-Chu sequence index (u)
	3 (for case 1) , 9 (for case 2), 

356 (for case 3), 43 (for case 4)

	Cyclic shift interval (NCS)
	93 symbols

	Path model
	AWGN (foff=0, 200, 400, 800, 1200, 1600Hz)

TU 6-path  (Velocity=3, 30, 120, 200, 350km/h)

	ZC sequence generation
	Time domain

	Target false alarm (Pfa) per signature
	0.1%


Evaluation results
Figure A-2 shows the miss detection performance under AWGN in case (1), (2) an (3).

Figure A-3 shows the miss detection performance under TU in case (1), (2) an (3).

Figure A-4 shows the false alarm performance under AWGN and TU in case (1), (2) an (3).
Table A-3 shows the probability of arrival timing estimation error under AWGN in case (1), (3) an (4).

Table A-3 shows the probability of arrival timing estimation error under TU in case (1), (2) an (4).
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Figure A-2 Miss detection performance (AWGN+Frequency offset)
[image: image15.emf](Pfa=0.1%) TU

1.0E-04

1.0E-03

1.0E-02

1.0E-01

1.0E+00

11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26

Ep/No [dB]

Miss detection

Fd=5.6Hz Fd=55.6Hz

Fd=111Hz Fd=222Hz

Fd=370Hz Fd=648Hz

(Pfa=0.1%) TU

1.0E-04

1.0E-03

1.0E-02

1.0E-01

1.0E+00

11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26

Ep/No [dB]

Miss detection

Fd=5.6Hz Fd=55.6Hz

Fd=111Hz Fd=222Hz

Fd=370Hz Fd=648Hz

(Pfa=0.1%) TU

1.0E-04

1.0E-03

1.0E-02

1.0E-01

1.0E+00

11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26

Ep/No [dB]

Miss detection

Fd=5.6Hz Fd=55.6Hz

Fd=111Hz Fd=222Hz

Fd=370Hz Fd=648Hz


(a) case 1                                             (b) case 2                                          (c) case 3 
Figure A-3 Miss detection performance (TU)
[image: image16.emf]AWGN

1.0E-04

1.0E-03

1.0E-02

1.0E-01

1.0E+00

0 200 400 600 800 1000 1200

Frequency offset [Hz]

False Alarm

Conditon:1_2_3

○

Conditon:1_3

○

Conditon:1_2

○

SNR=-14dB

Case 2

Case 1

Case 3

TU

1.0E-04

1.0E-03

1.0E-02

1.0E-01

1.0E+00

0 200 400 600

Fd [Hz]

False Alarm

Conditon:1_2_3

○

Conditon:1_3

○

Conditon:1_2

○

SNR=-10dB

Case 2

Case 1

Case 3

Case 2

Case 3

Case 1

Case 1

Case 2

Case 3


(a) AWGN+Frequency offset                                              (b) TU
Figure A-4 False alarm performance

Table A-3 Probability of arrival timing estimation error (AWGN) 
	Frequency offset [Hz]
	Probability of arrival timing estimation error (%)

	
	Case 1
	Case 2
	Case 4

	0
	0
	0
	49.70

	400
	0
	0.015
	42.39

	800
	0
	23.61
	53.95

	1200
	0
	74.11
	58.16


Table A-4 Probability of arrival timing estimation error (TU) 
	Doppler spread [Hz]
	Probability of arrival timing estimation error (%)

	
	Case 1
	Case 2
	Case 4

	5.6
	0.015
	0.013
	49.6

	55.6
	0.018
	0.013
	48.84

	111.1
	0.02
	0.018
	46.91

	222.2
	0.007
	0.015
	40.07

	370
	0.012
	0.007
	27.21

	648
	0.01
	0.005
	9.33
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