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1. Introduction

In the last Seoul RAN1#47 meeting, several contributions [2] -[10] discussed the degradation on the detection performance and the false alarm performance of the current non-synchronized random access preamble in the presence of high frequency offset and Doppler shift. 
In this paper, we discuss the necessity of an additional random access preamble structure for high mobility. We also discuss the additional preamble structure and its performance.
2. Detection performance degradation for high mobility 
In this section, we review the problem for high mobility environment.
According to the mobility requirement in [1] , E-UTRAN shall support following mobility;
- from 0 to 15 km/h should be optimized for low mobile speed, 
- between 15 and 120 km/h should be supported with high performance.
- from 120 km/h to 350 km/h (or even up to 500 km/h depending on the frequency band) shall be maintained.
Doppler shift/spread and frequency error on uplink has different properties depending on the channel condition, i.e. line-of-site (LOS) condition or Non-line-of-site (NLOS) condition.

In our contribution in the Riga meeting [10] , we used the following evaluation conditions in order to evaluate the preamble detection performance under both NLOS and LOS environments.
· Condition 1 TU: 6-path Typical Urban with Doppler spread fD (from 0 to 650Hz) without additional frequency offset. This corresponds to NLOS.
· Condition 2 AWGN + Frequency offset (from 0Hz to 1400Hz). This corresponds to LOS.
From our evaluation results [10] ;
In Condition 1 (TU), the miss detection performance degradation (around 1dB) is no problem even for 350km/h UE mobility at 2GHz carrier frequency. The false alarm degradation may be also acceptable, though the false alarm probability was beyond 10% at 350km/h.
However, in Condition 2 (AWGN + Frequency offset), the miss detection performance degradation for beyond 800Hz frequency offset (around 200km/h) would not be acceptable. Moreover, the random access preamble cannot be detected beyond 1200Hz frequency offset (324km/h). The false alarm performance is also degraded very quickly, and the false alarm beyond 800Hz frequency offset (around 200km/h) would not be acceptable.

The miss detection and the false alarm performance of the current 0.8ms long ZC preamble sequence in Condition 2 (AWGN + Frequency offset) are shown again in Figure 2(a) and Figure 2 (b), respectively, where the other evaluation conditions are shown in Appendix B.

Extremely high mobility condition beyond 200km/h would be assumed for the cell deployed near railways of high speed train/highways in some countries. Therefore, we believe the LOS condition should be taken into account for the evaluation especially for the extremely high mobility.
In order to detect the random access preamble, a power delay profile of the received preamble sequence is obtained by correlation operation. The peak value and its position of the power profile vary depending on sequence index in the presence of large frequency offset.  More specifically, the peak value of the correct timing decreases with larger frequency offset while another peak value of the wrong timing increases. The position of the wrong peak value is different depending on ZC sequence index. Therefore, following two different issues can be observed.
· Issue 1: When the wrong peak value arises outside of the detection window, the miss detection probability and the false alarm probability increase as illustrated in Figure 1(a). That is, the wrong peak value increases the false alarm probability of the window#2 and also the degradation of the correct peak value within the detection window#1 increases of the miss detection probability. 
· Issue 2: When the wrong peak value arises inside of the detection window, the arrival timing estimation error is observed as shown in Figure 1(b).  If the wrong peak value is detected as the arrival timing of received preamble, the wrong timing is used for the uplink transmission time alignment information to the UE.
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Figure 1 Issues on the detection and arrival timing estimation on high mobility condition.
Proposal

From the above discussion, additional preamble structure is necessary for high mobility environment. Therefore, we propose 
· To introduce another preamble structure for high mobility in addition to the current 0.8ms ZC preamble sequence. 
· Additional structure should overcome not only the detection and false alarm performance degradation, but also arrival timing estimation error under high speed environment.
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(a) Miss detection probability                                       (b) False alarm probability
Figure 2 Miss detection and false alarm performance of the current one long ZC preamble sequence (Sequence length N=863, 0.8ms preamble duration) in Condition2 (AWGN + Frequency offset).

3. Additional preamble structure
3.1. Proposed additional structure
As the additional preamble structure, we support the repeated short ZC sequence [3] 

 REF _Ref155969521 \n \h 
[7] 

 REF _Ref155969523 \n \h 
[8] 

 REF _Ref155969525 \n \h 
[9] . In this section, we compare two times and three times repetition structure as shown in Figure 3 in order to choose more appropriate structure for high mobility. The detailed parameters are also shown in Table 1.
Four times of repetition of shorter ZC sequence reduces the number of available root ZC sequence and the supportable cell radius. Therefore is reduced due to decrease of the ZC sequence length. Therefore, we evaluate 2- and 3-repetition structures in the later section.
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(b) Three times repetition structure
Figure 3 Proposed additional preamble structure for high mobility.
Table 1 Additional preamble parameters for comparison.

	Parameters
	Two times repetition
	Three times repetition

	Preamble duration
	800us

	Cyclic prefix
	100us

	Guard time
	100us

	Zadoff-Chu sequence length N
	431 (prime number)
	283 (prime number),

	Repetition factor
	2
	3

	Number of root ZC
	430
	282


3.2. Evaluation

3.2.1 Miss detection and False alarm performance
Evaluation condition
Here, we shows the miss detection performance and false alarm performance with frequency offset or Doppler spread in case of the repetition of shorter ZC sequence as shown in Figure 3. The simulation condition is shown in Table 2. The other parameters are the same as shown in Table B-1 in Appendix B.
Table 2 Simulation condition.

	Parameters
	LOS environment
	NLOS envirionment

	Zadoff-Chu sequence index
	r=3 

	Signature (preamble) sequence
	4 Cyclic shift sequences

(cyclic shift index  m = 1,2,3,4)

	Detection window size
	100 us

	Channel model
	AWGN
	6-path Typical Urban

	Doppler frequency
	---
	5.6/55.6/111/222/370/648Hz

 (3/30/60/120/200/350km/h)

	Frequency offset
	From 0 to 1400Hz 
	0Hz


Condition 1: TU 
The miss detection probability (Pmd) and the false alarm (Pfa) performance of the 2-repetition structure are shown in Figure 4(a) and Figure 4 (b), respectively. The result of 3-repetition structure are shown in Figure 5(a) and Figure 5(b), respectively. Doppler frequency fD (i.e. UE mobility), is given as parameter form fD=5.6Hz (3km/h) to 648Hz (350km/h). The received Ep/No is also given as parameter form 15.1 to 25.1dB.

From the evaluation results, the miss detection probability of the 3-repetition structure is slightly worse than that of the 2-repetition structure. However, the miss detection performance degradation is not so significant (up to 1-1.5 dB) compared with 0.8ms ZC sequences.
Regarding the false alarm, the 1% false alarm probability can be achieved by up to 200km/h. The false alarm performance degradation beyond 200km/h is less than around 10% even for 350km/h (fD=648Hz) in case of the 2-repetition structure. Meanwhile, the 3-repetition structure achieves more robustness against Doppler spread.
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(a) Miss detection probability                                       (b) False alarm probability
Figure 4 Miss detection and false alarm performance (2-Repetition of 0.4ms ZC sequence).
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Figure 5 Miss detection and false alarm performance (3-Repetition of 0.27ms ZC sequence).
Condition 2: AGWN + Frequency offset

The miss detection probability (Pmd) and the false alarm (Pfa) performance of the 2-repetition structure are shown in Figure 6 (a) and Figure 6 (b), respectively. The results of the 3-repetition structure are shown in Figure 7(a) and Figure 7 (b), respectively. The frequency offset is given as parameter form 0 to 1400Hz. The received Ep/No is also given as parameter form 13.3 to 23.3dB. 

From the results, 3-repetition structure is more robust in higher frequency offset for both the miss detection and false alarm performance. Meanwhile, the miss detection performance of 2-repetition in lower frequency offset outperforms 3-repetition structure. 
However, in case of the 2-repetitoin structure, the 1% – 10% Pmd of 1400Hz frequency offset the 2-repetition structure is achieved at around 17dB Ep/No. The required Ep/No to achieve Pmd=1% of evaluation condition 1 (TU) is around 19dB from Figure 4(a). If assuming the same received Ep/No as Condition 1, i.e. Ep/No = 19dB, even in case of 1400Hz (around 350km/h) frequency offset, the 1% miss detection probability can be achieved.
The false alarm performance tolerates twice for high mobility compared with 0.8ms long ZC preamble structure, though the false alarm reaches 20% at 1400Hz frequency offset. However, the false alarm performance degradation might be acceptable if taking in to account of the distribution of UE mobility in a cell. 
[image: image10.emf]M


i


s


s


 


d


e


t


e


c


t


i


o


n


 


p


r


o


b


a


b


i


l


i


t


y


 


(


P


m


d


)


E


p


/


N


o


 


[


d


B


]


A


W


G


N


Z


C


 


s


e


q


u


e


n


c


e


 


i


n


d


e


x


 


r


=


3


 


f


o


f


f


s


e


t


=


0


H


z


 


f


o


f


f


s


e


t


=


2


0


0


H


z


 


f


o


f


f


s


e


t


=


4


0


0


H


z


 


f


o


f


f


s


e


t


=


6


0


0


H


z


 


f


o


f


f


s


e


t


=


8


0


0


H


z


 


f


o


f


f


s


e


t


=


1


0


0


0


H


z


 


f


o


f


f


s


e


t


=


1


2


0


0


H


z


 


f


o


f


f


s


e


t


=


1


4


0


0


H


z


0


.


8


m


s


 


Z


C


 


s


e


q


u


e


n


c


e


(


R


e


f


e


r


e


n


c


e


)


 


f


o


f


f


s


e


t


=


0


H


z


 


f


o


f


f


s


e


t


=


8


0


0


H


z


1


0


1


5


2


0


2


5


1


0


-


3


1


0


-


2


1


0


-


1


1


0


0




M

i

s

s

 

d

e

t

e

c

t

i

o

n

 

p

r

o

b

a

b

i

l

i

t

y

 

(

P

m

d

)

Ep/No [dB]

AWGN

ZC sequence index r=3

 f

offset

=0Hz

 f

offset

=200Hz

 f

offset

=400Hz

 f

offset

=600Hz

 f

offset

=800Hz

 f

offset

=1000Hz

 f

offset

=1200Hz

 f

offset

=1400Hz

0.8ms ZC sequence(Reference)

 f

offset

=0Hz

 f

offset

=800Hz

10 15 20 25

10

-3

10

-2

10

-1

10

0

[image: image11.emf]F


a


l


s


e


 


a


l


l


a


r


m


 


(


P


f


a


)


 


p


e


r


 


s


i


g


n


a


t


u


r


e


F


r


e


q


u


e


n


c


y


 


o


f


f


s


e


t


 


[


H


z


]


A


W


G


N


Z


C


 


s


e


q


u


e


n


c


e


 


i


n


d


e


x


 


r


=


3


 


E


p


/


N


o


=


1


3


,


3


d


B


 


E


p


/


N


o


=


1


5


.


3


d


B


 


E


p


/


N


o


=


1


7


.


3


d


B


 


E


p


/


N


o


=


1


9


.


3


d


B


 


E


p


/


N


o


=


2


1


.


3


d


B


 


E


p


/


N


o


=


2


3


.


3


d


B


0


2


0


0


4


0


0


6


0


0


8


0


0


1


0


0


0


1


2


0


0


1


4


0


0


1


0


-


4


1


0


-


3


1


0


-


2


1


0


-


1


1


0


0




F

a

l

s

e

 

a

l

l

a

r

m

 

(

P

f

a

)

 

p

e

r

 

s

i

g

n

a

t

u

r

e

Frequency offset [Hz]

AWGN

ZC sequence index r=3

 Ep/No=13,3dB

 Ep/No=15.3dB

 Ep/No=17.3dB

 Ep/No=19.3dB

 Ep/No=21.3dB

 Ep/No=23.3dB

0 200 400 600 800 1000 1200 1400

10

-4

10

-3

10

-2

10

-1

10

0


(a) Miss detection probability                                       (b) False alarm probability
Figure 6 Miss detection and false alarm performance (2-Repetition of 0.4ms ZC sequence).
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Figure 7 Miss detection and false alarm performance (3-Repetition of 0.27ms ZC sequence).

3.2.2 Arrival timing estimation error performance
In this section, we shows the error probability of arrival timing with 1400Hz frequency offset under AWGN channel (i.e. worst case). The sequence index r = 72 and r= 47 are used for 2-repetition and 3-repetition structure as ZC sequence index, respectively. The other simulation condition is the same as the previous section. The maximum correlation value within the detection window is selected as the arrival timing. 
We use the following definition of the arrival timing estimation error in this paper:
· The probability of the detection with wrong arrival timing, which exceeded ±4 usec (i.e. half of CP length), when the preamble is detected.
From the results, the arrival timing estimation error of 2-repetion is larger than 70% and beyond 90% if the received Ep/No is larger than around 21dB. E-NodeB transmits random access response with transmission timing alignment information estimated from the random access preamble. Therefore, the following issues would be occurred.

· eNodeB cannot detect the first uplink message after random access attempt due to wrong time alignment information,
· The first uplink message would interfere other data frame of the consecutive TTI.
Table 3 Probability of arrival timing estimation error (AWGN+ 1400Hz frequency offset)

	Ep/No[dB]
	2-repetitoin
	3-repetition

	14.3
	73.8 %
	3.4 %

	18.3
	76.7 %
	1.3 %

	20.3
	88.0 %
	0.3 %

	24.3
	97.0 %
	0.0 %


3.2.3 Discussion
From the above evaluation results, 3-repetition structure is more stable even for the extremely high mobility condition. The number of root ZC sequence becomes 2/3 (e.g. 432(283) compared with 2-repetition structure, However this number would be allowed because this is for  additional structure especially for high mobility. Therefore, We believe the more important things are the detection performance and stability of the arrival timing estimation.
Our proposal of additional structure for high mobility is;
· Three times repetitions of 0.27ms ZC sequence (as shown in Figure 3(b)).
3.3. Structure selection
There are two ways to select one of the two preamble structures:
· UE based selection [7] : Two preamble structures are used in a cell and UE select one of two preamble structure based on the mobility which UE estimates.
· Cell based selection: one of two structures is always used in a cell and the selected structure is broadcasted.
As described in section 2, the proposed additional structure repetition would be applied only for the cells located near railway of high speed train/ highway.  The additional structure can also be used for low/middle mobility with acceptable performance degradation. 
If we apply UE based selection, mobility detection functionality has to be implemented for every UE. It would be additional complexity for UE. In addition, it might be difficult for UE to estimate accurate mobility to select the structures especially under LOS environment, because frequency offset between eNB and UE would be larger than Doppler shift due to UE mobility.
Therefore, we propose that the preamble structure selection should be cell basis.
4. Conclusion
In this document, we discussed the necessity of an additional random access preamble structure for high mobility. We also discussed the additional preamble structure, its performance and the structure selection.

From the discussion and the evaluation, we propose
· Additional preamble structure should be introduced for high mobility in addition to the current 0.8ms ZC preamble sequence. 
· Additional structure should overcome the following performance in high mobility environments
- The miss detection and the false alarm performance degradation
- The arrival timing estimation error
· Additional preamble structure is composed form three times repetition of 0.27ms Zadoff-Chu sequence with 0.8ms preamble duration.

· Preamble structure selection should be cell basis.
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Appendix A: Doppler shift/spread of high mobility UEs
Doppler shift and frequency error on the uplink would be different properties depending on the channel condition, i.e. line-of-site (LOS) condition or Non-line-of-site (NLOS) condition.

In NLOS, frequency offset due to UE mobility is spread over plus and minus from the carrier frequency. Therefore, UE tracks the around fBS+fUE frequency offset. The frequency offset of the uplink received signal is nearly zero and one way Doppler spread can be considered. 

In LOS, such as the high speed vehicle moves towards eNodeB or move away from eNodeB, the maximum frequency offset of the receiver signal is described as [2] 

 REF _Ref147532582 \n \h 
[3] 

 REF _Ref150086381 \n \h 
[5] 
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where fBS, fUE, and fDoppler_max denote the base station frequency drift, UE frequency error, and the maximum Doppler frequency. The worst case of frequency offset is around 1400Hz with mobility of 350 km/h at 2 GHz carrier frequency [3] 

 REF _Ref150086381 \n \h 
[5] . In the LOS environment, UE tracks around 650Hz Doppler shift on the downlink, and then, UE transmits uplink data compensated - frequency offset in advance based on the estimated frequency offset on downlink. Therefore, the frequency offset due to UE mobility becomes twice of the Doppler shift of the channel at the received (eNodeB), i.e. 1300Hz.
Appendix B: Evaluation condition and methodology
We used cyclic-shifted Zadoff-Chu sequence of prime sequence length N defined as following eq. (2). 
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eq. (2)

where r is the sequence index and positive integer which is relatively prime to N,  is the cyclic shift duration with positive integer, M is the number of cyclic-shift sequences. Other simulation condition is shown in Table B-1.
The detection method is illustrated in Figure B-1. We use 4 cyclic-shifted sequences (cyclic shift index m=1,2,3,4). Four detection windows corresponding to each cyclic shift sequence m=1,2,3,4 are used at the receiver.

As the preamble performance evaluation criteria, we used false alarm and miss detection probability to the average received Es/No. The definition is as

· Miss detection (Pmd): the probability of a particular code not being detected when the code was transmitted

· False alarm (Pfa): the probability of a particular code being detected when nothing, or different code was transmitted

In the evaluation, cyclic-shift sequence m = 1 is transmitted. The other cyclic-shift sequences m = 2, 3, 4 are not transmitted. Therefore, detection window for m=1 is used for the miss detection probability evaluation and detection windows for m=2 to 4 are used for the false alarm performance evaluation.

Table B-1 Simulation condition.

	Parameters
	LOS environment
	NLOS envirionment

	Sampling rate of ZC sequence
	1.08MHz 

	Preamble duration
	800us

	Cyclic prefix duration
	100us

	Guard time
	100us 

	Zadoff-Chu sequence length N
	863 (prime number)  

	Zadoff-Chu sequence index
	r=3 

	Signature (preamble) sequence
	4 Cyclic shift sequences

(cyclic shift index  m = 1,2,3,4)

	Antenna configuration
	1 Tx antenna, 2 Rx antennas (power profiles are combined)

	Detector
	Matched filtering in frequency domain

	Detection threshold
	Fixed (when frequency offset = 0Hz)

	Target false alarm (Pfa)
	0.1%

	Noise level estimation
	Real (Noise level estimates from delay profile)

	Detection window size
	200 us

	Propagation delay
	10 us (fixed)

	Channel model
	AWGN
	6-path Typical Urban

	Dopper frequency
	---
	5.6/55.6/111/222/370/648Hz

(3/30/60/120/200/350km/h)

	Frequency offset
	From 0 to 1400Hz 
	0Hz
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Figure B-1 Detection method for 4 ZCZ sequences.

Appendix C: Comparison of the other candidates in R1-063181
In the last Riga meeting, we showed three candidates of the additional preamble structure based on Zadoff-Chu sequence which we envisaged in order to satisfy the mobility requirements [10] .

Option A: Partial correlation of the ZC sequence
Option B: Repetition of Shorter ZC sequence
Option C: Randomization of ZC sequence
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(a) Option A: Partial correlation of the ZC sequence.
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(b) Option B: Repetition of Shorter ZC sequence
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(c) Option C: Randomization of ZC sequence (M-sequence multiplexed ZC sequence)
Figure 8 Candidates of random access preamble structures for high mobility shown in R1-063181
Regarding option A, the number of available root ZC sequence is very limited such as 8 to 16 to achieve acceptable detection performance, so this approach leads complex sequence allocation. 
Regarding option C, the false alarm probability is not degraded irrespective of mobility and the preamble detection performance under AWGN channel can be acceptable. However, the preamble detection performance under TU channel has much degradation (around 5-6dB) due to the non-flatness of the spectrum in frequency domain which as shown in Appendix C. 

Therefore, we support the repetition of 0.4ms ZC sequence (Option B) as an additional preamble structure for high mobility.
Evaluation results of Option C
Here, we show the miss detection performance and false alarm performance when existing frequency offset or Doppler spread in case of Option C, where M-sequence multiplexed with ZC sequence is 255. The other parameters are the same as Table B-1.
Condition 1: TU
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(a) Miss detection probability                                       (b) False alarm probability
Figure C-1 Miss detection and false alarm performance (Option C). 
Condition 2: AWGN + Frequency offset
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(a) Miss detection probability                                       (b) False alarm probability
Figure C-2 Miss detection and false alarm performance (Option C). 
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