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Introduction
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]A new Rel-14 work item for the “Performance enhancements for high speed scenario” was approved in RAN#70 with the objective of “the requirements for at least 350 km/hr shall be developed”. The issue for PRACH detection under the high speed scenario was identified during the study phase on performance enhancements for high speed scenario [2]. As a matter of fact, the exiting PRACH cyclic shift restriction set defined in TS36.211 for high speed cells has a theoretical limitation of Doppler offset within +/-1.5*1.25KHz=+/-1.875KHz. In practice, due to the impact of channel conditions, UE frequency errors and other implementation issues, the maximum Doppler offset can be handled by the exiting cyclic shift restriction set for a reliable preamble detection will be smaller. When the Doppler shift is out of the range that can be properly handled by the exiting cyclic shift restriction set, PRACH detection ambiguity and false alarm will take place. Consider that  for a high speed UE travelling at the speed of 350km/hr with carrier frequency of 3.5GHz, the uplink Doppler shift will reach 2.269KHz, there is evidently a need for the enhancement of PRACH. During the study item on performance enhancements for high speed scenario, a new PRACH cyclic shift restriction set for supporting Doppler offset, at least, up to +/-2.5KHz was proposed in [2]. In this paper, we provide a briefly review of the progress during the study item in this issue, and then propose to send an LS to RAN1 for the progress made in RAN4 during the study item.

PRACH preambles for low speed cells

In [3], the  root Zadoff-Chu sequence for PRACH preambles is defined as



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




where   is the cyclic shift. For cells serving only low speed UEs, the unrestricted set of cyclic shifts  are used, which are determined by



where is configured by higher layers with the parameter zeroCorrelationZoneConfig. 
Restricted set of cyclic shifts for 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 relative amplitudes of the false alarm correlation peaks to the correct peak depend on the frequency offset. The false alarm correlation peaks may exceed the correct peak, especially when frequency offset exceeds the half the PRACH subcarrier channel spacing . 




The solution adopted in current LTE specification is to define a restricted set of the cyclic shifts for each root Zadoff-Chu sequenceZC root sequence for high speed cells, based on the cyclic shift, corresponding frequency offset of the PRACH subcarrier spacing  [2]. For the root Zadoff-Chu sequenceZC root sequence,  is given by




where  is the smallest non-negative integer that fulfils . Then, following restricted set of the cyclic shifts can be created by masking other cyclic shifts [2]:




where the parameters for restricted sets of cyclic shifts are derived from , 
· 
, 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 usage of the restricted sets makes it possible to retain an acceptable false alarm rate, while maintaining a high detection performance even for high-speed UEs as long as the Doppler shift is within [-1.25KHz, +1.25KHz].


The cyclic shift assignment for current restricted set when may be illustrated by Figure 1, where all small circles cyclic shifts includes in unrestricted set, the green circles represents the cyclic shifts included in the new restricted set for supporting Doppler shift up to +/-1.25KHz (PRACH subcarrier spacing); while the small red and purple circles cyclic shifts represent cyclic shifts excluded from the new restricted set due to their relative cyclic shifts  to the green circles which are included in the new restricted set.


Figure 1. Illustration of cyclic shift assignment for current restricted set when 

A new restricted set of cyclic shifts for extra high speed cells
In order to support high speed UEs with the Doppler shift up to +/-2.5KHz, a new restricted set of cyclic shifts was proposed during the during the Study on performance enhancements for high speed scenario in LTE [1, 3] as follows:


From the  root Zadoff-Chu sequence, random access preambles with zero correlation zones of length are defined by cyclic shifts for the new restricted set according to


where the cyclic shift is given by






where  is given configuration parameter zeroCorrelationZoneConfig provided by higher layers. The variable  is the cyclic shift corresponding to a Doppler shift of magnitude  as defined in TS 36.211. The parameters for the new restricted sets of cyclic shifts depend on . 

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



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



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



Figure 2 illustrates the restricted set when , where all small circles cyclic shifts includes in unrestricted set, the green circles represents the cyclic shifts included in the new restricted set for supporting Doppler shift up to +/-2.5KHz; while the small red and purple circles cyclic shifts represent cyclic shifts excluded from the new restricted set due to their relative cyclic shifts or to the green circles which are included in the new restricted set. 



Figure 2. Illustration of cyclic shift assignment for new restricted set for frequency offset at least to when 
Summary


In this paper, we briefly reviewed the progress made for PRACH detection under the high speed scenario and the proposed new restricted set for supporting Doppler frequency offset at least to . Since RAN1 is response for defining the restricted set for supporting high speed cells, we propose to send an LS to RAN1, informing the progress made in RAN4 during the Study on performance enhancements for high speed scenario in LTE. It will then be up to RAN1 to confirm the feasibility of using the new restricted set for supporting Doppler frequency offset at least up to .
Proposal 1: Send an LS to RAN1, informing RAN1 the proposed new restricted set of cyclic shifts for extra high speed cells and request RAN1 to investigate whether the new restricted set of cyclic shifts for extra high speed cells proposed is suitable for supporting uplink Doppler offset, at least, up to +/-2.5KHz, and if yes, requesting RAN1 to consider introducing the new restricted set of cyclic shifts for extra high speed cells into TS 36.211 in Rel-14.
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