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1   Introduction
At RAN plenary meeting #66, the new study item “Study on performance enhancements for high speed scenario in LTE” was approved [1]. And the SI was started from RAN4 #74 to RAN4 #77.

In RAN4#75, the issue of physical random access channel (PRACH) under high speed train scenarios was started to be discussed in [2, 3] and one possible solution was referred to [2].

In RAN4#76, the issue was further discussed [4, 5, 6] and another possible solution was proposed in [5, 6]. And the issues for the PRACH under the high speed scenario reached an agreement [7].
In RAN4#76bis, the issue about preamble number was discussed [8, 9]. And the TP [10, 11] was approved to be written into TR36.878.
In this contribution, we summarize the issue’s background and possible solutions.

2   Discussion

In order to get a whole picture of PRACH issue, background and possible solutions will be provided in this section.
In current LTE spec, High-speed-flag is used to support high speed UE to access the network when Frequency Offsets within [-1.25KHz, +1.25KHz], where 3 detection windows [12, 13] for one UE is employed to resolve the timing and frequency offset ambiguity, so that the correct timing and preamble identity can be detected.
Table 1 the frequency shifts caused by UE moving
	Carrier frquency
	UE speed
Km/h
	Frequency shift @ eNB
Times of preamble subcarrier spacing

	2.6GHz
	250
	0.96

	
	350
	1.34

	
	500
	1.925

	3.5GHz
	250
	1.29

	
	270
	1.4

	
	350
	1.81

	
	500
	2.6


From the Table 1 we could see that for high carrier frequency and higher UE speed the frequency shift between the local preamble sequence and the received random access signal will be large and exceed the detection ability of the current LTE specification.
 In the following, we capture different companies’s  analysis and proposed enhancement solutions for BS detection and preamble about PRACH issue.
2.1   Analysis from different companies
Ericsson (#75, R4-152961)

High frequency offset impact on PRACH will decrease main peak in matched filter output for random access  preamble. This may cause missed detection. High frequency offset impact on PRACH will also cause additional peak(s) in matched filter output. This may cause false detection.


[image: image1]
Figure 1: matched filter output

The 3GPP standard support either a strong main peak or secondary peak. A restricted set of cyclic shifts is defined in sub clause 5.7.2 of 36.211 to cope with higher speeds when the main peak becomes weak but there is still a significant secondary peak. However, at higher frequencies both the main and secondary peaks become weak. This happens around 350 km/h for the highest bands in the HST RAN4 specification, B1 and B7.
Huawei, HiSilicon(#75, R4-152604)

The maximum frequency offset supported by the current spec is limited to around one subcarrier spacing of the preamble signal which is 1.25 KHz. However, when higher speed (above 350 Km/h) or higher carrier frequency (band 22/42/43) is applied, the timing and frequency offset ambiguity still exists, which will degrade the uplink random access performance (higher random access failure rate, higher false alarm rate and increased random access latency). Two examples are presented as below where one UE is using preamble sequence with[image: image3.png]


 for the random access.
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Figure 1: correlation of the local preamble sequence and the received preamble signal with frequency shift of 1.4 times of the preamble subcarrier spacing
The above figure shows an example of the correlation results of the local preamble sequence (u=702, [image: image6.png]


= 49) and the received preamble signal with a frequency shift of 1.4 times of the preamble subcarrier spacing which is 1.75 KHz. From the correlation result, two main peaks emerge at [image: image8.png]dy + deaigy



 and [image: image10.png]2X dy + dgjgy



. At this correlation result, the eNB will have large probability of wrong detection of the preamble sequence. And high probability of random access failure if another UE is using the preamble sequence with [image: image12.png]


 for random access due to the high interference from the first UE with [image: image14.png]
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Figure 2: correlation of the local preamble sequence and the received preamble signal with frequency shift of 1.9 times of the preamble subcarrier spacing
The above figure shows an example of the correlation results of the local preamble sequence and the received preamble signal with a frequency shift of 1.9 times of the preamble subcarrier spacing which is 2.37 KHz. And it can be seen that the strongest peak is at the point of [image: image17.png]2X dy + dgjgy



 which is out of the detection window for the root sequence and acting as the interference to the UE using the preamble with[image: image19.png]


. And the peaks in the detection window of the preamble for the root sequence ([image: image21.png]


) is too small to be detected, and the UEs using the preamble sequence with[image: image23.png]


 and [image: image25.png]


 will both encounter random access failure due to the interference. 
Alcatel Lucent(#76, R4-154363)
In order to determine the PRACH detection when Doppler shifts exceed +/-1.25KHz, let us first take a look at the absolute correlations between the received Zadoff-Chu sequence with frequency offsets in the range of [-2*1.25KHz, +2*1.25KHz] with the shifted Zadoff-Chu sequence corresponding to cyclic shifts of 
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, as shown in Figure 2.
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Figure 2. Correlation of Zadoff-Zhu sequence with frequency offset
It can be observed from Figure 2 that

· For low mobility UE with frequency offset within the range of [-0.5*1.25KHz, +0.5*1. 25KHz], the received Zadoff-Zhu sequence is mainly correlated with the transmitted reference Zadoff-Zhu sequence, and the maximum correlation takes place in the detection window W.

· For high mobility UE with the frequency offset exceeding the range of [-0.5*1.25KHz, +0.5*1. 25KHz], but within [-1.25KHz, +1. 25KHz], the maximum correlation may take place in the detection window W- or W+ with the cyclic shifted ZC sequence with shifts of (
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).The PRACH detection approach with three detection widows and PDP combining should work properly with the frequency offset range.

· When the frequency offset exceeds the range of [-1.25KHz, +1. 25KHz], but still within [-1.5*1.25KHz, +1.5*1. 25KHz], the maximum correlation may still take place detection window W- or W+ with the cyclic shifted ZC sequence with shifts of 
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. However, the performance of the PRACH detection approach may be degraded since the correlation of the received Zadoff-Zhu sequence with other cyclic shifted ZC sequence with shifts of
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becomes stronger, and the PDP combining with other detection windows may not help. Miss-detection rate could increase when frequency offset is closer to +/-1.25KHz.

· When the frequency offset exceeds the range of [-1.5*1.25KHz, +1.5*1. 25KHz], the PRACH detection approach with three detection widows will not work. The maximum correlation will take place with the cyclic shifted ZC sequence with shifts of
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, which is outside of the three detection windows. 
2.2   Possible essential enhancement options
2.2.1   Possible detection enhancement solution

Alcatel Lucent(#76, R4-154363)
Therefore, in order to support PRACH detection when frequency offset exceeds the range of [-1.5*1.25KHz, +1.5*1. 25KHz], additional detection widows corresponding to the shifts of
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can be used as shown in Figure 3.
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Figure 3. PRACH Detection for Frequency Offsets within [-2.5KHz, +2.5KHz]

With the additional two detection windows 
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, the problem of miss-detection due to frequency offset exceeding [-1.25KHz, +1.25KHz] can be avoided. That is, the receiver should be able to catch the transmitted Zadoff-Chu sequence for the frequency offset up to [-2.5KHz, +2.5KHz].
2.2.2   Possible preamble enhancement solution
Huawei, HiSilicon(#75, R4-152604)

One of the solution is to only use the root sequece without cyclic shifts for the UE to do the random access, but those kind of solutions will have the drawback that the number of available preamble sequence is very limited.
Alcatel Lucent(#77, R4-151814)
6.5.3.1
A new restricted set of cyclic shifts for extra high speed cells

It is well known that the cyclic shift distortion caused by the frequency offset may create false alarm correlation peaks during PRACH detection. The solution adopted in LTE to address this issue is to define a restricted set of the cyclic shifts for each root Zadoff-Chu sequence [5]. The usage of the exiting restricted sets makes it possible to retain an acceptable false alarm rate, while maintaining a high detection performance even for high-speed UEs with Doppler shifts within [-1.25KHz, +1.25KHz]. However, the exiting restricted sets are no longer suitable when Doppler shifts exceed the range of [-1.25KHz, +1.25KHz], as identified in [R4-154363] [R4-152604] and [R4-152961]. 

In the following, a new cyclic shift restriction set is presented for uplink Doppler frequency offset up to twice of the PRACH Subcarrier Spacing, i.e., [-2.5KHz, +2.5KHz]. 
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where 
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 is the length of the Zadoff-Chu sequence for PRACH preambles, PRACH preambles 
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can be generated by the use of the cyclic shifts 
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 of the new restricted set, according to
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where the cyclic shifts 
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where 
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 is obtained by a parameter zeroCorrelationZoneConfig configured by the network  [6], and the parameters 
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for the new restricted sets of cyclic shifts are derived from 
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where 
[image: image49.wmf]p

 is the smallest non-negative integer that fulfils 
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 root Zadoff-Chu sequenceZC root sequence. 
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is actually the cyclic shift corresponding to a Doppler shift of magnitude of PRACH subcarrier spacing of 1.25KHz. 
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For 
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, the parameters 
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For all other values of 
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, there are no cyclic shifts in the new restricted set.

3   Summary
According to the analyses in section2, A summarized comparison table is shown below:

	
	Detection solution 
	Preamble solution

	Alcatel Lucent
	Five detection windows
	A new restricted set of cyclic shifts

	Huawei,HiSilicon
	--
	only use the root sequece without cyclic shifts


4   Conclusion 
In this contribution, we give an overview on PRACH issue, and summarize the enhancement solutions as in section3.
	
	Detection solution 
	Preamble solution

	Alcatel Lucent
	Five detection windows
	A new restricted set of cyclic shifts

	Huawei,HiSilicon
	--
	only use the root sequence without cyclic shifts
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