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Introduction
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]In RAN4#76, it was identified that the current cyclic shift restriction set defined in TS36.211 [1] 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 [2,3,4]. Also, in RAN4#76, a new Cyclic Shift Restriction Set for Very High Speed Cells was proposed [5] that can be used for Doppler shift up to the range of [-2.5KHz, +2.5KHz]. In this document, we present the TP for the new Cyclic Shift Restriction Set proposed in [5] as a possible essential enhancement option  for TR36.878 [6].

Text Proposal for 36.878

=========================================
[bookmark: _Toc429412751]6.5.3	Possible essential enhancement options
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 [1]. 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 [2, 3, 4]. 
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]. 


From the  root Zadoff-Chu sequence  for PRACH preambles






where  is the length of the Zadoff-Chu sequence for PRACH preambles, PRACH preambles  with zero correlation zones of length can be generated by the use of the cyclic shifts  of the new restricted set, according to



where the cyclic shifts  of the new restricted set are given by





where  is obtained by a parameter zeroCorrelationZoneConfig configured by the network  [6], and the parameters for the new restricted sets of cyclic shifts are derived from , which is given by






where  is the smallest non-negative integer that fulfils  for the root Zadoff-Chu sequenceZC root sequence. is actually the cyclic shift corresponding to a Doppler shift of magnitude of PRACH subcarrier spacing of 1.25KHz. 


For , the parameters  are derived as follows:




For , the parameters  are derived as follows::



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