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[bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
The cyclic shift restriction set currently defined in TS 36.211 for high speed cells is limited to frequency offset within PRACH subcarrier spacing +/-1.25KHz [1]. For supporting high speed train (HST) scenarios with uplink frequency offset up to twice of the PRACH Subcarrier Spacing, i.e., +/-2.5KHz, RAN4 investigated a new PRACH cyclic shift restriction set and sent an LS to RAN1 in RAN4#78 for further investigation [2]. In RAN1#86bis, RAN1 sent a reply LS back to RAN4, informing that RAN1 decided to introduce a more completed, new cyclic shift restriction set for supporting HST scenarios [3]. 

In this paper, we discuss the potential impact of new PRACH cyclic shift restriction set on RAN4 PRACH performance requirements.

PRACH cyclic shift sets

As defined in [1], the  root Zadoff-Chu sequence for PRACH preambles is expressed as

		(1)

where  (=839) is the length of the Zadoff-Chu sequence. Random access preambles are created from the root Zadoff-Chu sequence by the following cyclic shifts 

		(2)

where   is the cyclic shifts as described in the following sections.
Unrestricted set of cyclic shifts

For cells serving only low speed UEs, the following unrestricted set of cyclic shifts  are used:

				(3)

where is configured by higher layers with the parameter zeroCorrelationZoneConfig. Unrestricted set of cyclic shifts is not suitable for supporting frequency offset larger than half of PRACH subcarrier spacing.
Current restricted set of cyclic shifts




For cells serving high speed UEs with frequency offset up to PRACH subcarrier spacing +/-1.25KHz, a restricted set of the cyclic shifts is defined in TS 36.211 [1], based on the cyclic shiftcorresponding to frequency offset of the PRACH subcarrier spacing . For the root Zadoff-Chu sequenceZC root sequence,  is given by

						(4)		


where  is the smallest non-negative integer that fulfils . The following restricted set of the cyclic shifts is created by masking other cyclic shifts:

		(5)


where the parameters for restricted sets of cyclic shifts are derived from  as follows:

, the parameters are given by 

				(6)

For, the parameters are given by

				(7)

New restricted set of cyclic shifts
For cells serving HST UEs with frequency offset up to twice of PRACH subcarrier spacing +/-2.5KHz, the restricted set of the cyclic shifts as shown above is no longer suitable. To support frequency offset up to +/-2.5KHz, a new PRACH cyclic shift restriction set was proposed in [4] as follows:

For , the cyclic shifts for the new restricted set is defined as follows:

				(8)

For , the cyclic shifts for new restricted set can be defined as follows:

			(9)
While the above new PRACH cyclic shift restriction set proposed in [4] is capable of supporting frequency offset up to +/-2.5KHz, it was found that the set does not include all available cyclic shifts. Thus, additional available cyclic shifts were proposed in [5] as shown in the following Table 1.
[bookmark: _Ref456020943]Table 1. Additional PRACH Cyclic Shifts for supporting frequency offset up to +/-2.5KHz [5]
	New subsets of cyclic shifts
	


	Condition 3
	


	Values of parameters for condition 3
	


	Condition 4
	


	Values of parameters for condition 4
	


	Condition 5
	
 

	Values of parameters for condition 5
	


	Condition 6
	


	Values of parameters for condition 6
	




The cyclic shifts in Equations (8) and (9), together with those in Table 1 forms a new complete restricted set of cyclic shifts for supporting frequency offset up to +/-2.5KHz to be introduced in TS 36.211 [3].
PRACH Detection with the New Restricted Set

In order to see how to perform PRACH detection with frequency offset up to +/-2.5KHz, let us first take a look at the correlations between the received Zadoff-Chu sequence with frequency offsets in the range of [-2.5KHz, +2.5KHz] with the shifted Zadoff-Chu sequence corresponding to cyclic shifts of , which are shown in Figure 1.
[image: ]
Figure 1. Correlation of Zadoff-Zhu sequence with frequency offset
Figure 1 shows 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 (originally transmitted) reference Zadoff-Zhu sequence.
· 
For high mobility UE with the frequency offset exceeding the range of [-0.5*1.25KHz, +0.5*1. 25KHz], but within [-1.5KHz, +1. 5KHz], the maximum correlation is no longer with the reference Zadoff-Zhu sequence, but with the Zadoff-Zhu sequence cyclic shifted by . 
· 
When the frequency offset exceeds the range of [-1.5*1.25KHz, +1.5*1. 25KHz], the maximum correlation will take place with the cyclic shifted ZC sequence with shifts of.







Therefore, in order to perform PRACH detection when frequency offset up to the range of [-2.5KHz, +2.5KHz], one possible implementation is to have five detection widows as used as shown in Figure 2, where  denotes the PRACH detection window with reference Zadoff-Zhu sequence for detecting PRACH with small frequency offset; denote two PRACH detection windows with Zadoff-Zhu sequence cyclic shifted by , corresponding to the frequency offset around , and denote another two PRACH detection windows with Zadoff-Zhu sequence cyclic shifted by ,  corresponding to the frequency offset around . With the five detection windows, the receiver should be able to catch the transmitted Zadoff-Chu sequence for the frequency offset up to [-2.5KHz, +2.5KHz].

Figure 2. Illustration of PRACH Detection for Frequency Offsets [-2.5KHz, +2.5KHz] 
[bookmark: _GoBack]As shown in Figure 1, the power of the correlations between the received Zadoff-Chu sequence with reference Zadoff-Zhu sequences may fall into multiple detection windows, except the case when the frequency offsets equal exactly to n*1.25KHz (n=0, +/-1, +/-2). Therefore, proper power combining of the correlation values obtained from the detection windows is needed in order to ensure proper PRACH detection performance. It is worthy to point out that it is necessary to have multiple detection windows in order to avoid miss-detection, regardless whether the new restricted set is used or not. The purpose of the new restricted set is to avoid false alarm or ambiguity in the PRACH detection, but not miss-detection.
PRACH Detection Performance Requirements
As discussed in previous section, in order to detect PRACH preamble with frequency offset up to +/-2.5KHz, multiple detection windows may need to be implemented. Proper power combining of the correlation values obtained from the detection windows may also be needed in order to ensure proper PRACH detection performance. How to perform the PRACH detection with large frequency offset up to +/-2.5KHz is obviously implementation dependent. Thus, to ensure the proper PRACH detection performance with frequency offset up to +/-2.5KHz, a new PRACH detection requirements may need to be introduced.
Summary
In this paper, we discussed the impact of new PRACH cyclic shift restriction set on RAN4 PRACH performance requirements. Based on the discussion, we propose: 
Proposal 1: Introduce new PRACH detection performance requirements with the new PRACH cyclic shift restriction set for supporting HST scenarios.
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