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1. Introduction

In the last Seoul RAN1#46bis meeting, some contributions [2] -[4] discussed on the detection performance degradation of non-synchronized random access preamble at higher frequency offset and Doppler shift. 
In this paper, we evaluate effects of frequency offset and Doppler shift to the correlation property and preamble detection performance. We also discuss possible solution for this issue. 
2. Doppler spread of high mobility UEs on Uplink

Mobility requirements

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, 
- between15 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 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] [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.
According to above discussion, we use the following two evaluation condition
· 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.
3. Evaluation

3.1. Evaluation condition

We used cyclic-shifted Zadoff-Chu sequence of prime sequence length N defined as following eq. (2). 
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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 1.
The detection method is illustrated in Figure 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 1 Simulation condition.
	Parameters
	LOS environment
	NLOS envirionment

	Sampling rate (Bandwidth)
	1.024MHz

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

	Detector
	Matched filtering in time domain

	Detection threshold
	Fixed (when frequency offset = 0Hz)

	Target false alarm (Pfa)
	0.1%

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

	Preamble duration
	800us

	Guard time
	200us 

	Zadoff-Chu sequence length N
	797 (prime number)  

	Zadoff-Chu sequence index
	r=3 

	Signature (preamble) sequence
	4 Cyclic shift sequences
(cyclic shift index  m = 1,2,3,4)

	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 1 Detection method for 4 ZCZ sequences.

3.2. Miss detection and False alarm performance
Condition 1: TU 
The miss detection and the false alarm performance are shown in Figure 2(a) and Figure 2 (b), respectively, where Doppler frequency fD (i.e. UE mobility), is given as parameter form fD=5.6Hz (3km/h) to 648Hz (350km/h).
From the evaluation results, the same miss detection performance is obtained at least up to 120km/h (fD=222Hz), and the RACH preamble can be detected around 1dB performance loss even for 350km/h (fD=648Hz) to achieve Pmd = 1%. This detection performance degradation can be acceptable from the requirement perspective. 

Meanwhile the target false alarm probability of all detection window m=2,3,4 can be obtained up to 120km/h,  the false alarm performance degradation of m=2,3 is more quickly than miss detection performance. Although the false alarm can be kept less than few percent up to 200km/h (fD=370Hz), it is beyond 10% at 350km/h.
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(a) Miss detection probability                                       (b) False alarm probability
Figure 2 Miss detection and false alarm performance (N=797, 800use preamble duration).

Condition 2: AGWN + Frequency offset

Miss detection and false alarm performance are shown in Figure 3 (a) and Figure 3 (b), respectively, where frequency offset is given as parameter form 0 to 1400Hz. 

From the results, the miss detection performance degradation can be seen as less than 2dB up to around 440Hz (120km/h) frequency offset. 
The required Ep/No to achieve Pmd=1% of evaluation condition 1 (TU) is around 19dB from Figure 2(a).  If assuming the same received Es/No as Condition 1, i.e. Ep/No = 19dB, even in case of 800MHz (around 200km/h) frequency offset, the 1% miss detection probability can be achieved. However, it is difficult to detect random access preamble for more than 800MHz frequency offset.
Situation of the false alarm performance degradation is more serious, the false alarm performance is degraded immediately.  Even for 440Hz frequency offset (120km/h), the average false alarm reaches 5%, which may be still acceptable. However, the false alarm performance degradation would not be acceptable for higher mobility than 120km/h. 
Average false alarm depends on the number of cyclic-shift sequences used in a cell, detection error happens at one or few out of all detection windows. However, the false alarm performance would reach 100% when frequency offset is larger than 800Hz (around 220km/h) at least in one detection. window,
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(a) Miss detection probability                                       (b) False alarm probability
Figure 3 Miss detection and false alarm performance (N=797, 800use preamble duration).

3.3. Summary of the simulation
· Condition 1: TU,

· The miss detection performance degradation can be acceptable even for 350km/h UE mobility with acceptable performance degradation.

· The false alarm probability can be kept less than few percent up to 200km/h, However, it is beyond 10% at 350km/h.

· Condition 2: AWGN + Frequency offset: 

· The miss detection performance degradation is less than 2dB up to around 120km/h, and random access preamble can be detected up to 200km/h.
· The false alarm performance is degraded very quickly, and performance degradation of faster than 120km/h would not be acceptable.

Therefore, current 800us Zadoff-Chu preamble can be applied as RA preamble for most of deployment scenario. 

Note that performance degradation behavior may be slightly different depending on the ZC sequence index r (See Appendix C).
Table 2 Summary of the simulation for high mobility condition
	Mobility
	Condition 1 (TU)
	Condition 2 (AWGN)

	
	Detection
	False alarm
	Detection
	False alarm

	0 – 15km/h

(best performance)
	No degradation
	No degradation
	No degradation
	No degradation

	15 – 120 km/h (high performance)
	No degradation
	No degradation
	Slight degradation
	Acceptable degradation

	120 – 200km/h
	No degradation
	Acceptable degradation
	Acceptable degradation
	Not acceptable

	200 – 300km/h
	Acceptable degradation
	Not acceptable
	Not acceptable
	Not acceptable


4. Possible solutions
In order to satisfy the mobility requirements of high mobility region, the three possible solutions based on Zadoff-Chu sequence are envisaged. 

- Partial correlation of the ZC sequence
- Repetition of Shorter ZC sequence
- Randomization of ZC sequence
Partial correlation of the ZC sequence

RA preamble of this solution uses the same as the current 1ms RA preamble structure which consists of the one long ZC sequence. Receiver performs correlation process with shorter period to obtain the delay profile as illustrated in Figure 4. 
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Figure 4 Partial correlation of 1.0ms Zadoff-Chu sequence
Pros: 

· No additional ZC sequences is required

· False alarm performance may be retained although auto-correlation property may be deteriorated due to shorter correlation period
· ZCZ sequence may be available as well as current RA structure (not confirmed yet).
Cons:

· Additional sequence allocation based on UE velocity is required because limited number of sequence index r would work well by using this approach (not confirmed yet).

· UE velocity detection may be required to allocate appropriate root ZC sequence index.

Repetition of Shorter ZC sequence
RA preamble of this solution consists of the repeated shorter ZC sequence, e.g. as shown in Figure 5. The length of one ZC sequence length should be short enough to satisfy the mobility requirements. This approach can replace current RA structure.
Pros: 

· Auto-correlation property can be retained because of shorter correlation period
· Repetition structure would allow to estimate and to compensate frequency error by using phase difference between consecutive ZC sequences at eNodeB, if only one signature is transmitted into a RA slot. 
· This preamble structure can be applied without mobility detection. 
Cons:

· The number of root ZC sequences is reduced due to the shorter sequence length.

· The number of available Zero-Correlation Zone (ZCZ) sequences (i.e. cyclic-shift sequences) is also limited; it would be difficult to utilize ZCZ sequence for large cell.
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Figure 5 Repetition of shorter ZC sequence
Randomization of ZC sequences

Preamble of this solution is composed of one long ZC sequence, and PN sequence or Hadamard code. ZC sequence and PN/Hadamard code are multiplexed symbol by symbol as shown in Figure 6.
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Figure 6 Shorter M-sequences (or Hadamard code) is multiplexed to ZC sequence
Pros:

· No additional ZC sequences is required 
· False alarm performance can be retained by randomization effect of PN or Hadamard code. 
· This approach can be applied for all root ZC sequence

· ZCZ sequence would be available as well as the current RA preamble structure 
Cons
· Miss detection probability would become worse than the current long ZC sequences w/o frequency offset.
· Flatness of spectrum is collapsed due to PN or Hadamard code multiplexing although low CM/PAPR property is retained.
5. Conclusion
In this document, we evaluated the miss detection performance and the false alarm degradation with frequency offset or Doppler spread, assuming detection of cyclic-shifted ZC sequences.

From the evaluations,

· Up to around 200km/h the miss detection and the false alarm degradation would be acceptable in AWGN condition. This means 1ms RACH preamble can be applied as RACH preamble for most of deployment scenario.
· However, the faster than 200km/h (TU) and 120km/h (AWGN), the miss detection and false alarm degradation is not acceptable because of beyond 10% false alarm.
· The performance degradation behavior may be slightly different depending on the sequence index r.

Therefore, we propose to consider the preamble structure to satisfy mobility requirements especially for the special high speed environment, in addition to current 1ms RA preamble or instead of current 1ms RA preamble.
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Appendix A: Correlation property

Auto-correlation property
Figure A-1 shows periodic auto-correlation properties of ZC sequence index r = 1, 3, 100 and 300 at different frequency offset form 0 Hz to 1500Hz (300Hz step). 
Periodic auto-correlation property is affected by the frequency offset. As the frequency offset increases, correlation values rise at the different delay points.  Depending on sequence index r, the position where correlation values rise due to frequency offset is different.
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Figure A-1  Auto-correlation property when existing frequency offset (r = 1, 3, 100, 300).

Cross-correlation property

Periodic cross-correlation property between sequence index r = 3 and r = 100 is shown in Figure A-2. Frequency offset does not affect the cross correlation properties between different root ZC sequences. 
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Figure A-2 Cross-correlation property when existing frequency offset (r=3 and r=100).
Summary
From the evaluation, 

· Periodic auto-correlation property is affected by the frequency offset.

· As the frequency offset increases, correlation values rise at the different delay points.

· Depending on sequence index r, the position where correlation values rise due to frequency offset is different.

· Periodic cross-correlation property would not be affected by the frequency offset.
Appendix B: Miss detection and False alarm performance (0.5m random access burst duration)
Here, we shows the miss detection performance and false alarm performance when existing frequency offset or Doppler spread in case of 0.5ms duration (preamble duration: 400us, ZC sequence length N=401) . The simulation condition is shown in Table B-1. The other parameters are the same as that of Section 3.
Table B-1 Simulation condition.

	Parameters
	LOS environment
	NLOS envirionment

	Preamble duration
	400us

	Guard time
	100us

	Zadoff-Chu sequence length N
	401 (prime number)

	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

	Dopper 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
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(a) Miss detection probability                                       (b) False alarm probability
Figure B-1 Miss detection and false alarm performance (N=401, 400use preamble duration). 
Condition 2: AWGN + Frequency offset
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(a) Miss detection probability                                       (b) False alarm probability
Figure B-2 Miss detection and false alarm performance (N=401, 400use preamble duration). 
Appendix C: Miss detection and False alarm performance (different ZC sequence indices of 1ms RA burst duration)
We shows the miss detection performance and false alarm performance when existing frequency offset or Doppler spread for ZC sequence index r=100, 300) . The other simulation condition is the same as described in Section 3.
Condition 1: TU
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(a) Miss detection probability                                       (b) False alarm probability
Figure 7 Miss detection and false alarm performance (N=797, r=100 and 300).

Condition 2: AWGN + Frequency offset
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(a) Miss detection probability                                       (b) False alarm probability
Figure 8 Miss detection and false alarm performance (N=797, r=100 and 300).
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