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1 Introduction
In the SI phase of  high speed enhancement, the issue of PRACH under high speed scenario where uplink Doppler frequency shift value was up to twice of the PRACH subcarrier spacing, i.e. [-2.5KHz, +2.5KHz]  was identified. And potential solutions were proposed during SI phase including 

· Solution 1: only use the root sequece without cyclic shifts [1].

· Solution 2: define new restricted set of cyclic shift [2].

The WI phase of high speed enhancement started in RAN4 #78 meeting. In the RAN4 #78 meeting, the LS from RAN4 to RAN1 on “A New PRACH Cyclic Shift Restriction Set” was approved by WG4. 
In this contribution, we will present the two potential solutions proposed in SI phase and give our proposal on the PRACH issue.
2 Discussion

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 and caused by Doppler shifts etc. 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 are employed to resolve frequency offset ambiguity, so that the correct preamble sequence and its time advance can be detected. However, when higher speed (above 350 Km/h) or higher carrier frequency (band 22/42/43) is applied, the frequency offset ambiguity still exists due to increased frequency shifts, which will degrade the uplink random access performance (higher random access failure rate, higher false alarm rate and increased random access latency).
In order to get overall understanding of the progress  for the PRACH issues, several potential solutions will be discussed in this section, including solution 1 and 2 proposed in the SI phase and solution 3(i.e. a improved new restricted set of cyclic shift).

2.1 Solution 1: only use the root sequence without cyclic shifts 
To avoid detection ambiguity or suppress mutual interference of UEs simultaneously performing random access, only using the root sequence without cyclic shifts could be considered, especially for legacy UE. eNodeB sent PRACH-ConfigInfo with highSpeedFlag=“false” and zeroCorrelationZoneConfig=“0” .
PRACH-Config information elements

-- ASN1START

PRACH-ConfigSIB ::=



SEQUENCE {


rootSequenceIndex




INTEGER (0..837),


prach-ConfigInfo




PRACH-ConfigInfo

}

PRACH-Config ::=




SEQUENCE {


rootSequenceIndex




INTEGER (0..837),


prach-ConfigInfo




PRACH-ConfigInfo




OPTIONAL
-- Need ON

}

PRACH-ConfigSCell-r10 ::=



SEQUENCE {


prach-ConfigIndex-r10




INTEGER (0..63)

}

PRACH-ConfigInfo ::=



SEQUENCE {


prach-ConfigIndex




INTEGER (0..63),


highSpeedFlag





BOOLEAN,


zeroCorrelationZoneConfig


INTEGER (0..15),


prach-FreqOffset




INTEGER (0..94)

}

-- ASN1STOP

 So base on the following formula [3], 
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the cyclic shift is 0, i.e. the root sequence without cyclic shift is used as preamble sequence for random access.

On the UE side, no enhancement is needed. UE just decode the signaling from higher layers and generate random access preambles based on the network configuration.

And on the eNodeB side, eNodeB define a proper 
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value based on the deployment scenario such as cell coverage for itself. And eNodeB calculate the proper rootSequenceIndex to ensure the following conditions.

Condition 1: the corresponding root sequence could support 5 windows detection, i.e. the potential 5 locations where peak probably occurring won’t coincide with each other;

Condition 2: the root preamble sequences with consecutive 63 logical indexes also satisfy the same condition 1, which start from rootSequenceIndex.

In table 1, we give the number of rootSequenceIndex meet the above two conditions for each
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in table 5.7.2-2 in [3].

Table 1 available number of rootSequenceIndex for solution 1
	Ncs 
	15 
	18 
	22 
	26 
	32 
	38 
	46 
	55 
	68 
	82 
	100 
	128 
	158 
	202 
	237 

	Num-available
	448 
	438 
	426 
	414 
	396 
	316 
	292 
	218 
	164 
	118 
	58 
	0 
	0 
	0 
	0 


From the table 1, we observe that there is available rootSequenceIndex meeting condition 1 and 2 while 
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 is less than 128 and there is less than 64 consecutive logical indices meet the condition 1 while 
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is larger than 100. Based on the discussion in [4],
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can supporting cell radius of 10km, which covers most of the practical deployment in the current HST scope. 
During the discussion above, it is obvious that this solution requires no UE enhancement and has no specification effect with the drawback that the number of available preamble sequence is very limited.

Observation 1: Solution 1 requires no UE enhancement and has no specification impact with the drawback that the number of available preamble sequence is very limited.
Observation 2: highSpeedFlag should only be used for the unrestricted set or restricted set selection. 
2.2 Solution 2: define new restricted set of cyclic shift 
The solution 2 captured in [5] solves the detection ambiguity while uplink Doppler frequency offset up to twice of the PRACH Subcarrier Spacing, i.e., [-2.5KHz, +2.5KHz] via defining new restricted set of cyclic shift.

From the 
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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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where the cyclic shifts 
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 of the new restricted set are given by
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where 
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 is obtained by a parameter zeroCorrelationZoneConfig configured by the network  [3], and the parameters 
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for the new restricted sets of cyclic shifts are derived from 
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where 
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 is the smallest non-negative integer that fulfils 
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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 all other values of 
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, there are no cyclic shifts in the new restricted set.
On the eNodeB side, eNodeB define a proper 
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value based on the deployment scenario and calculate the proper rootSequenceIndex based on
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.  
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, rootSequenceIndex and new signaling indicating UE generating random access preamble based on the new restricted set of cyclic shift are broadcasted as part of the system information.

On the UE side, UE can decode and read the new signaling so that UE can generate the random access preamble based on the new restricted set of cyclic shift.

Based on the discussion above, it is obvious that this solution needs UE enhancement with the advantage that the root sequence with cyclic shift could used as random access preamble.

Observation 3: Solution 2 needs UE enhancement with the advantage that the root sequence with cyclic shift could be used as random access preamble.

2.3 Solution 3: Improved new restricted set of cyclic shift 
From the 
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where 
[image: image38.wmf]ZC

N

 is the length of the Zadoff-Chu sequence for PRACH preambles, PRACH preambles 
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where the cyclic shifts 
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 of the new restricted set are given by
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where 
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 is obtained by a parameter zeroCorrelationZoneConfig configured by the network  [3], 
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indicates the number of cyclic shifts group of the first group set,
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indicates the cyclic shift spacing between two adjacent groups, 
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indicates the number of cyclic shifts in the group in the first group set which is with less number of cyclic shifts than other  groups in the group set,  
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indicates the cyclic shift value of the first cyclic shift in the first residual cyclic shift group, 
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 indicates the cyclic shift value of the first cyclic shift in the second residual cyclic shift group, and where 
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is the cyclic shift corresponding to a Doppler shift of magnitude of PRACH subcarrier spacing of 1.25KHz and given by
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In the table 2, we give the number of available preamble sequence for random access for solution 1, 2 and 3. The valid random access sequence number is calculated based on all the 839 root sequence.
Table 2: valid random access sequence number

	
[image: image111.wmf]CS

N


	Supporting cell

Radius 
[image: image112.wmf]r


	3 search window


	5 search windows                      (solution 1)
	5 search windows                      (solution 2)
	5 search windows                      (solution 3)

	15
	1.1km
	13618
	758
	3128
	6246

	18
	1.5km
	11100
	744
	2518
	4976

	22
	2km
	8902
	724
	1956
	3924

	26
	2.7km
	7248
	700
	1584
	3106

	46
	5km
	3568
	596
	714
	1390

	55
	6km
	2846
	546
	526
	1032

	82
	10km
	1620
	404
	232
	430


From table 2, it is observed that
Observation 4: the valid random access sequence number of solution 2 and 3 is larger than solution 1 and the number of available random access sequence of solution 3 is almost twice of solution 2.

Observation 5: the number of available random access sequence of solution 2 is less than solution 1 while
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From the above observation, it is obvious that the solution 3 has much more available random access sequence resource compared to solution 1 and 2. So we propose that
Proposal 1: adopting solution 3 as PRACH enhancement solution.

3 Conclusions
In this contribution, we discuss three kinds of potential solutions for PRACH enhancement and the conclusion is 

Observation 1: Solution 1 requires no UE enhancement and has no specification impact with the drawback that the number of available preamble sequence is very limited.
Observation 2: highSpeedFlag should only be used for the unrestricted set or restricted set selection. 
Observation 3: Solution 2 needs UE enhancement with the advantage that the root sequence with cyclic shift could be used as random access preamble.

Observation 4: the valid random access sequence number of solution 2 and 3 is larger than solution 1 and the number of available random access sequence of solution 3 is almost twice of solution 2.

Observation 5: the number of available random access sequence of solution 2 is less than solution 1 while
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Proposal 1: adopting solution 3 as PRACH enhancement solution.
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