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1. Introduction
In the previous RAN1 meeting, the frequency offset (FO) of RACH preamble was issued by [1-4]. When FO is very large, the RACH detection performance would be poor. The extreme case of FO occurs when the UE has LOS to Node-B and is moving very fast. In this case, the FO will be so large to exceed the preamble frequency resolution. In this contribution, we consider the RACH design to mitigate the frequency offset effects.
2. Frequency Offset Effect
Frequency offsets affects on the detection performance and false alarm rate when the baseline preamble sequence is CAZAC with circular shifts [1]. This effect can be seen easily by looking at the inter-subcarrier interference (ISI) with CAZAC sequence. Assume that the CAZAC sequence is directly loaded on the usable subcarriers for RACH. Then, each subcarrier conveys one chip of the CAZAC sequence.
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Figure 1. Sequence loading on subcarriers
If there exists frequency offset at the receiver (Node-B) due to Doppler spread or residual frequency offset, we can see that the frequency sampling position is not aligned with subcarrier position to result in mixed signal with neighbor subcarriers, as shown in Figure 1 [8].
3. RACH Design Considering Frequency Offset
In order to satisfy the mobility requirements of high mobility region, the two possible solutions based on Zadoff-Chu sequence are envisaged.
3.1. Current Structure (Option 1)
Figure 2 specify the generic structure of the 1ms non-synchronized random access burst. With 1ms RACH with 0.8ms preamble, the detection performance is significantly degraded under high Doppler frequency offset [2].
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Figure 2. Current RACH structure without repetition

3.2. Preamble Repetition (Option 2)
Figure 3 is the alternate structure with 2 times repetition in 1ms RACH. The 0.8ms preamble now consists of a repetition of a 0.4ms sequence.
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Figure 3. RACH structure with repeated preamble
The preamble with n times repetition in time domain placed at interval of n sub-carriers in frequency domain. Therefore, There is not serious ISI from the adjacent subcarriers. The detection performance and false alarm is acceptable with 2 times repetition in 1ms RACH [2]. But, it’s limited the number of the available root ZC sequences and Zero-Correlation Zone (ZCZ) sequences because of the short sequence length. There is drawback which it’s difficult cell planning at large cells.
3.3. Different Sequence allocation for high speed UEs (Option 3)
Another option we want to use is to mix sequences such that the frequency offset problem can be solved. Since the degradation from high frequency offset is due to the cyclic shift usage of ZC sequence, the usual equal-spaced cyclic shifted sequences are vulnerable to frequency offset. However, the ZC sequence can be used as robust sequence to frequency offset as shown in [2][8]. Note that option 3 uses the long preamble structure (Figure 2). 

Operational Procedure of Option 3: Blindness to UE speed itself, UE can not estimate the RACH access result and has no choice for frequency offset mitigation. Therefore, the initial access to RACH shall be the same with option 1 and the sequence differentiation is not allowed (UE can choose any one of 64 sequences). However, at the failure of the first trial, UE may predict its status as high speed or high fading loss. Therefore, when UE tries the RACH preamble retransmission, it discriminates the normal sequences and FO immune sequences and chooses FO immune sequences at higher probability. In this way, the no detection probability can be significantly enhanced with retransmission and FO immune sequences. However, without the FO immune sequences, the retransmission does not help high speed UEs even after multiple retransmission trials.

4. Performance Evaluation

Detection performance is evaluated by simulation. We assume false alarm probability of 0.1 for the entire cell. Threshold is computed to satisfy the required false alarm probability for the entire cell range and for all signatures. We assume 64 signatures per cell. Simulation parameters are shown in Annex A. For each trial of the simulation, the ZC root sequence, the cyclic shift of the signature and the UE round-trip time are selected randomly among the range of possible values. Target 
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 per antenna is setting 13dB. We study performance comparison of three option. Option 1 use the 0.8ms preamble with 863 length and option 2 use the two times repeated 0.4ms preamble with 431 length. Option 1 allocate one root sequence per cell and option 2 allocate two root sequence per cell to offer total 64 opportunity per cell. Option 3 allocate additional root sequence for high speed UEs but maximum available opportunities are same. The cells was planned with sequence ratio between low speed UEs and high speed UEs. We are consider varying sequence ratio, 7:1, 3:1 and 1:1, respectively. When particular UE tried to first random access, the UE can use all available preambles. But, when particular UE tried to retransmission for random access, one can use only the preamble allocated for high speed UEs. At our evaluation, the number of maximum retransmission are 0 (total 1 trials), 4 (total 5 trials) and 9 (total 10 trials), respectively. In the evaluation, one preamble is transmitted and the residual frequency offset is not considered.
· Option 1 : 800 (sec preamble
· ZC-ZCZ sequences using 1 index per cells
· Option 2 : 400 (sec preamble repeated twice

· ZC-ZCZ sequences using 2 index per cells
· Option 3 : 800 (sec preamble
· ZC-ZCZ sequences and root ZC sequences
· Sequence ratio - 7:1 or 3:1 or 1:1 (ZC-ZCZ : root ZC)
· At first transmission : Each UE can choose the all preambles (ZC-ZCZ and root ZC)
· At retransmission : Each UE can choose only the preambles for high speed UEs (root ZC)
We use performance measure as below.

( Detection probability : the probability of a particular code being detected when the code was transmitted.
( False alarm rates : the rates of a particular code not being detected when the code was transmitted.
( No detection probability : the probability of a particular UE not being accessed until maximum retransmission.
( Latency : the access time period of a particular UE until accessed or reached the maximum retransmission period.
The summary of simulation are shown in Table 1. The detail result of simulation are shown in Annex B.

Table 1. Summary of the simulation for high Doppler frequency condition

	
	Detection probability
	False alarm rates
	No-detection probability & latency

	Option 1
	( High degradation above 600Hz
	( High degradation above 600Hz
	( Low retransmission gain above 800Hz
( No retransmission gain above 1000Hz

	Option 2
	( High degradation above 600Hz
	( No degradation up to 1400Hz
	( Low retransmission gain above 800Hz
( No retransmission gain above 1000Hz

	Option 3
	( Acceptable degradation above 600Hz w/o retransmission
( Low degradation up to 1400Hz with retransmission
	( Acceptable degradation with retransmission up to 1400Hz
	( High retransmission gain up to 1400Hz


(a) AWGN + Frequency offset
	
	Detection probability
	False alarm rates
	No-detection probability & latency

	Option 1
	( High degradation above 800Hz
	( High degradation above 800Hz
	( Low retransmission gain above 800Hz

	Option 2
	( High degradation above 800Hz
	( No degradation up to 1400Hz
	( Low retransmission gain above 800Hz

	Option 3
	( Acceptable degradation w/o retransmission above 800Hz
( Low degradation with retransmission up to 1400Hz
	( Acceptable degradation with retransmission up to 1400Hz
	( High retransmission gain up to 1400Hz


(b) TU

< Condition 1 : AWGN + Frequency offset >
( Option 1 : There are serious degradation of detection probability and false alarm rates above 600Hz (324km/h). And the gain of retransmission is not large.
( Option 2 : The false alarm rates maintained until 1400Hz (756km/h) but, the degradation of detection probability is serious above 600Hz. And the gain of retransmission is same as the option 1.
( Option 3 : The false alarm rates increase above 600Hz but,  the detection probability is acceptable until 1400Hz. With retransmission, the number of UEs who can’t access until maximum retransmission is very small (less than 0.006% at maximum 4 retransmission).

< Condition 2 : TU >
( Option 1 : There are serious degradation of detection probability and false alarm rates above 800Hz (432km/h). And the gain of retransmission is not large.

( Option 2 : The false alarm rates maintained until 1400Hz. But, the degradation of detection probability is large. And the gain of retransmission is almost same as the option 1.
( Option 3 : The false alarm rates increase above 800Hz. But, the detection probability is acceptable until 1400Hz. With retransmission, the number of UEs who can’t access until maximum retransmission is very small (less than 0.02% at maximum 4 retransmission).
The mobility support of 25.913 says that “Optimized performance up to 15km/h”, “high performance up to 120km/h”, “connection maintenance up to 350km/h or 500km/h”. Therefore, current 0.8ms Zadoff-Chu preamble can be applied as RA preamble for most of deployment scenario. But, At extreme case of current structure, miss-detection probability is almost ‘1’ and false alarm rates is very large. In order to support the requirement, we need alternate structure or mitigate method for frequency offset. The different sequence allocation for high speed UEs (option 3) can be a good candidate.
4. Conclusion
In this contribution, the effect of frequency offset is analysed and simulated for various RACH design scenarios. As described in the analysis and simulation.

( Current 1ms preamble structure has serious degradation of false alarm rates & detection probability at high Doppler frequency.

( If we use preamble repetition, the frequency offset problem can be mitigated, but the sequence reuse factor is sacrificed. However, to ease the detection procedure, RACH preamble repetition can be a good choice. 
( Multiplexing the two structures can be a good choice, too. But, fist of all we must consider one simply structure method for high Doppler frequency. 
( As one simply structure and robustness of Frequency offset, different sequence allocation for high speed UEs (option 3) and special cyclic shift method [8] can be a good candidates.
( We must consider many effects at SI stage like requirement for high speed UE, sequence reuse factor and simple structure.
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Annex A. Simulation Parameters

Simulation parameters are shown in Table A.1
Table A.1: Simulation parameters

	Parameter
	Assumption

	Cell radius
	700 m

	Distance-dependent path loss
	L=128.16 + 40.0log10(R), R in kilometers

	Shadowing standard deviation
	8 dB

	UE power class
	24 dBm

	Thermal noise density
	-174 dBm/Hz

	Noise Figure
	9 dB

	Minimum distance between UE and cell
	>= 35 meters

	Carrier frequency
	2 GHz

	Bandwidth
	1.25 MHz

	Channel environments
	AWGN and 6-ray Typical Urban

	Antenna configuration
	1 Tx antenna, 2 Rx antennas

	RACH slot duration
	CP
	100 us

	
	Preamble duration
	800 us

	
	GP
	100 us

	Zadoff-Chu sequence
	Length N
	863 without repetition /

431 with repetition 2

	
	index
	Random selection every drop

	Detector
	Energy detector

	RACH slot interval
	10 ms

	No. maximum retransmission
	0 or 4 or 9


Annex B. Simulation Result

< Condition 1 : AWGN + Frequency offset >

Figure B.1 shows performance w/o retransmission. The false alarm rates of option 1 increase up to ‘1’ at 800Hz FO (frequency offset). The false alarm rates of option 2 maintained. Specially, the false alarm rates of option 2 is low around 1200Hz. If there is 1250Hz FO correspond to sampling rates of RACH, the received signal is disappear. It’s reason that received signal multiplied by conjugated root sequence which placed at interval of 2 sub-carriers in frequency domain. Therefore detection probability and false alarm rates become low. The detection performance of option 3 have a small degradation up to 1400Hz than option 1 and option 2. Note that the larger UE have a ratio of root sequence, the lower degradation of detection probability get. At option 1 and option 2, UEs tried non-synchronized random access fail 80% above 800Hz FO and fail almost 100% above 1000Hz. Otherwise, At option 3, UEs tried RACH slot fail only 50% until 1000Hz.
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(a) Detection probability                                               (b) False alarm rates
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(c) No-detection probability

Figure B.1. Performance comparison of No-retransmission case

Figure B.2 and figure B.3 shows performance with maximum retransmission. The number of maximum retransmission are 4 (total 5 trial) and 9(total 10 trial), respectively. The detection performance of option 1 and option 2 is almost same. But, detection performance of option 3 outperform the others. Because option 3 use the root sequence which is robust for FO, detection performance of retransmission was improved. Also, no-detection probability can make low. Specially, there is large no-detection performance around 600Hz FO. It’s reason that maximum SINR degradation occurs at 1/(2Tp)=625Hz for 0.8ms preamble [1]. The latency of option 1 and option 2 has serious degradation above 600Hz FO. 
At figure B.3, the detection performance and no-detection performance with 9 retransmission is almost same as 4 retransmission case. The latency increase but, no-detection probability decrease. The detection probability and latency of option 3 maintained. But no-detection probability have large decrease. 
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(a) Detection probability                         (b) False alarm rates
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(c) No-detection probability                                     (d) Latency

Figure B.2. Performance comparison of maximum 4 retransmission (total 5 trial) case
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(a) Detection probability                (b) False alarm rates
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(c) No-detection probability                                     (d) Latency

Figure B.3. Performance comparison of maximum 9 retransmission (total 10 trial) case

< Condition 2 : TU >

Figure B.4 shows performance w/o retransmission. The false alarm rates of option 1 increase up to ‘0.7’ at 1200Hz FO (frequency offset). The false alarm rates of option 2 maintained. Specially, the false alarm rates of option 2 is low around 1200Hz as same as AWGN case. The detection performance of option 3 have a small degradation up to 1400Hz than option 1 and option 2. Note that the larger UE have a ratio of root sequence, the lower degradation of detection probability get. At option 1 and option 2, UEs tried non-synchronized random access fail 45% above 800Hz FO and fail 80% above 1400Hz. Otherwise, At option 3, UEs tried RACH slot fail only 55% until 1400Hz.
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(a) Detection probability                                               (b) False alarm rates
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(c) No-detection probability

Figure B.4. Performance comparison of No-retransmission case

Figure B.5 and figure B.6 shows performance with maximum retransmission. The number of maximum retransmission are 4 (total 5 trial) and 9(total 10 trial), respectively. The detection performance of option 1 and option 2 is almost same. But, detection performance of option 3 outperform the others. Because option 3 use the root sequence which is robust for FO, detection performance of retransmission was improved. The latency of option 1 and option 2 has serious degradation above 1000Hz FO. Specially, there is large no-detection at 0Hz Doppler frequency. It’s reason that channel condition of 0Hz those not vary according time. A UE under deep fading can’t fully obtain retransmission gain.
At figure B.6, the detection performance and no-detection performance with 9 retransmission is almost same as 4 retransmission case. The latency increase but, no-detection probability decrease. The detection probability and latency of option 3 maintained. But no-detection probability have large decrease. 
[image: image19.emf]0 200 400 600 800 1000 1200 1400

10

-1

10

0

Dopplor Frequency [Hz]

Detection Probability

 

 

option 1

option 2

option 3 - 7:1

option 3 - 3:1

option 3 - 1:1

[image: image20.emf]0 200 400 600 800 1000 1200 1400

10

-2

10

-1

10

0

10

1

Dopplor Frequency [Hz]

False Alarm Rates

 

 

option 1

option 2

option 3 - 7:1

option 3 - 3:1

option 3 - 1:1


(a) Detection probability                                            (b) False alarm rates
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(c) No-detection probability                                                  (d) Latency

Figure B.5. Performance comparison of maximum 4 retransmission (total 5 trial) case
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(a) Detection probability                                       (b) False alarm rates
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(c) No-detection probability                                           (d) Latency

Figure B.6. Performance comparison of maximum 9 retransmission (total 10 trial) case
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