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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In this contribution we will further discuss the potential issue for PRACH in the high speed scenario. According our analysis, the existing restrict set of PRACH sequence when High-speed-flag is set to one could not fully support high speed scenario, and the enhancement would be needed.  
Background
More and more high-speed-railways are being constructed, and the speed is higher and higher. Nowadays, the designed highest speed train could be beyond 400km/h. The higher and higher speed brings challenges to the current LTE mobile communication system which is because that higher speed will cause higher Doppler frequency shifts to the wireless signal over the air, and the higher Doppler frequency shifts will result in system performance degradation.
Furthermore, assuming the frequency shift of the downlink caused by Doppler frequency is, the frequency shifts caused by the UE speed in the uplink will be two times of the Doppler shifts in the downlink due to that the UE will synchronize on an frequency that the carrier plus the Doppler frequency and transmit uplink signal at the synchronized frequency, and an extra Doppler frequency will be added to the uplink signal received by the base station.
One of the functions impacted is the random access. In the current LTE system, the random access is design to cope with the Doppler frequency shift no larger than the preamble signal subcarrier spacing. But with higher speed or higher carrier frequency, the Doppler frequency shifts will be larger than one subcarrier spacing of the preamble signal.

The above figure shows the uplink Doppler frequency shifts along with the carrier frequency and the terminal moving speed. For example for carrier 2.6GHz, speed of 350km/h and 400km/h will result in the Doppler frequency of 1685 and 1925 Hz at the eNB side which is 1.34 and 1.54 times of the preamble subcarrier spacing (1250Hz). The Doppler frequency shifts @2.6GHz with speed beyond 350km/h will exceed the design of the LTE system for PRACH capability. More analysis will be in the following sections.
Table 1: the Doppler frequency along with the carrier frequency and UE speed
	UE speed
(km/h)
	Doppler frequency

	
	1.9GHz carrier 
	2.3 GHz carrier
	2.6 GHz carrier
	3.5 GHz carrier

	DL/UL
	Downlink
	Uplink 
	Downlink 
	Uplink 
	Downlink 
	Uplink 
	Downlink 
	Uplink

	150
	264
	528
	319
	639
	361
	722
	486
	972

	200
	352
	704
	426
	852
	481
	963
	648
	1296

	250
	440
	880
	532
	1065
	602
	1204
	810
	1620

	300
	528
	1056
	639
	1278
	722
	1444
	972
	1944

	350
	616
	1231
	745
	1491
	843
	1685
	1134
	2269

	400
	704
	1407
	852
	1704
	963
	1926
	1296
	2593

	450
	792
	1583
	958
	1917
	1083
	2167
	1458
	2917



Doppler frequency impact on LTE random access
For the random access of LTE, one preamble is sent by the UE who is about to access the network, and at the base station side, the eNB will detect the uplink preamble by correlation between the local preamble and the received uplink preamble signal. However, higher frequency shifts will result in timing ambiguity due to that multiple correlation peaks may be caused by the frequency shifts. In LTE spec, High-speed-flag is used to support high speed UE to access the network, where 3 detection windows [1, 2] for one UE is employed to resolve the timing and frequency offset ambiguity, so that the correct timing and preamble identity can be detected. 
In [1], the root sequence and its preambles by cyclic shifting is selected and calculated according to 


 is the cyclic shifts for each preamble sequence using the same root sequence.

For, the parameters are given by



For, the parameters are given by



For all other values of, there are no cyclic shifts in the restricted set. 

The variable  is the cyclic shift corresponding to a frequency shift of one preamble subcarrier spacing. Different root sequence may have different value of .
For preamble root sequence u=702, = 49 and = 49, it can be calculated that 
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 for the random access.
[image: ]
[bookmark: _Ref418772655]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, = 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  and . 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  for random access due to the high interference from the first UE with ;
[image: ]
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  which is out of the detection window for the root sequence and acting as the interference to the UE using the preamble with. And the peaks in the detection window of the preamble for the root sequence () is too small to be detected, and the UEs using the preamble sequence with and  will both encounter random access failure due to the interference. 
Observation : The higher Doppler frequency will cause random access failure of the due to correlation shifted out of the detection window or due to high interference from other users with high Doppler frequency.
Proposal : PRACH enhancement should be considered for the scenario with the higher UE speed beyond 350km/h or with the higher frequency band.
Conclusion 
Observation : higher Doppler frequency will cause random access failure of the due to correlation shifted out of the detection window or due to high interference from other users with high Doppler frequency.
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Proposal : PRACH enhancement should be considered for the scenario with the higher UE speed beyond 350km/h or with the higher frequency band.
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