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Introduction
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]In RAN4#76, the issue of Doppler offset of physical random access channel (PRACH) under high speed train scenarios was discussed [9]. A brief description was included in [10] for the identified issue. In this document, we present a more detailed description based on the investigation results in [9].  

Text Proposal for 36.878

================================================================================
[bookmark: _Toc429412747]6.5.2	Performance characterization
[bookmark: _Toc428973403][bookmark: _Toc429412748]6.5.2.1	SFN scenario (RRH sharing the same cell id)
6.5.2.1.1 PUSCH/PUCCH analysis
PUSCH/PUCCH analysis
6.5.2.1.2 PRACH analysis


The issue for PRACH under the high speed scenario is identified. The current cyclic shift restriction set defined in TS36.211 for high speed cells is limited to frequency offset within PRACH, i.e., +/-1.25KHz, the Doppler shift out of the range of [-1.25KHz, +1.25KHz] would cause the detection ambiguity.
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 6.5.2.1.2.3 PRACH Detection for Very High Speed Cells









Let us denote  as a shifted Zadoff-Chu sequence with the cyclic shift from the  root Zadoff-Chu sequence and  as a shifted Zadoff-Chu sequence with Doppler frequency shift of . As well known, when the Doppler shift  is within [-1.25KHz, +1.25KHz], the PRACH detection needs to be implement by using three detection windows [5, 6, 7], which correspond to the Zadoff-Chu sequences with the cyclic shifts , where  is the cyclic shifts corresponding to the frequency shift of 1.25KHz for  root Zadoff-Chu sequence.

[bookmark: _Toc409103717]When Doppler shifts exceed +/-1.25KHz, 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  is shown in Figure 6.5.2.1.2-1.

Figure 6.5.2.1.2-1. Correlation of Zadoff-Zhu sequence with frequency offset


As observed from Figure 6.5.2.1.2-1 that when the frequency offset exceeds the range of [-1.25KHz, +1. 25KHz], the PRACH maximum correlation will take place with the cyclic shifted ZC sequence with shifts of, which is outside of the three detection windows for frequency offset in the range of [-1.25KHz, +1. 25KHz]. Therefore, in order to support PRACH detection when frequency offset exceeds the range of [-1.25KHz, +1. 25KHz], additional detection widows need to be used.

Figure 6.5.2.1.2-2. PRACH Detection with five detection windows for Frequency Offsets within [-2.5KHz, +2.5KHz]


In Figure 6.5.2.1.2-2, denote the cyclic shift detection windows corresponding to the frequency offset of . As long as the Doppler frequency offset is within [-2.5KHz, +2.5KHz], the maximum correlation between the received PRACH preamble and the reference PRACH preambles will take place in one of the detection windows, and thus the receiver should be able to catch the transmitted PRACH preamble.


In order to avoid detection ambiguity, the PRACH Detection with five detection windows should be used together with the new proposed restricted set of the cyclic shifts. Once the new proposed restricted set of the cyclic shifts is used, there will be no detection ambiguity, since regardless the maximum correlation value is detected by which detection window, the receiver knows the transmitted Zadoff-Chu sequence is, since UE will not transmit Zadoff-Chu sequence  with the cyclic shifts , which were excluded from the new restricted set of the cyclic shifts. 
To have better performance in PRACH detection, at the receiver side, the received power delay profiles (PDPs) from these five detection windows can be combined to make the final PRACH detection decision.

6.5.2.1.2.4 Summary

When the Doppler frequency shift exceeds the range of exceeds the range of [-1.25KHz, +1.25KHz], a five detection windows, which corresponding to cyclic shifts of  may be used together with the new proposed restricted set of the cyclic shifts for PRACH detection. The use of five detection windows allows the receiver to detect PRACH preambles when Doppler frequency up to [-2.5KHz, +2.5KHz]. The use of the new proposed restricted set of the cyclic shifts will avoid the detection ambiguity after PRACH preambles are detected. 
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