3GPP TSG RAN WG1 Meeting #51

               R1-074977
Jeju, Korea, November 05 - 09, 2007
___________________________________________________________________________________

Agenda item: 6.2.7
Source: LG Electronics, Nokia, Nokia Siemens Networks, Panasonic, Huawei,  Texas Instruments
Title: Specification of Formula for Restricted Cyclic shift Set
Document for: Decision
___________________________________________________________________________________

1. Introduction
At Shanghai meeting, RAN1 decided that the random access preambles for high mobility cells can be generated without limiting the cyclic shifts to multiples on Ncs. However, it remains to specify the restricted set in TS 36.211.
The remaining issue is what kind of restriction are used. Two types of rules have been proposed. One is the strict restriction rule [1,2] and the other is the relaxed restriction rule [3, 4]. In this contribution, we propose the specification text of restricted sets of cyclic shifts.
2. The restricted cyclic shift rules
2.1 Discussion on strict and relaxed rules for cyclic shifts
It was proposed to use relaxed rule under two scenarios [4]. One is to use relaxed rule for small cells with radii less than 3 km in either no or low high mobility. The other is to use relaxed rule for any cells whose radii are greater than 35 km. However, we do not fully understand the logic of this proposal. As a matter of fact, the restricted cyclic shift is not needed at all under no mobility. Moreover, the definition on low high mobility is not clear because it would not be a general defition. 
Although the relaxed rule has more number of available preambles than strict rule, the relaxed rule can cause large timing estimation error [1]. Therefore, it cannot be optimized at small cell as well as at large cell due to large timing estimation error. Consequently, it cannot satisfy a LTE requirement to optimize E-UTRA for cell size up to 5km [5]. From this sense, the relaxed rules do not seems to be preferable for E-UTRA.

2.2 Generation of cyclic shift sets with strict rule

Basically, two generation methods for strict restricted cyclic shift are possible. One is based on [6]. It can be started from cyclic shift 0 and, at each selection, the availability of corresponding cyclic shifts for the timing uncertainty window and its frequency cyclic shift pairs are tested and, if available, are reserved. The selection of a next preamble cyclic shift begins from the next available cyclic shift. The other is based on [7]. Whole preamble length is divided into some groups and then the restricted cyclic shifts within each group can be found. And then, the additional restricted cyclic shifts which do not belong to those groups can be found. Note that even if any method is used, the position and number of restricted cyclic shift are exactly same. The formula of the strictly restricted set of cyclic shifts where the cyclic shifts need not be multiples of  NCS is shown in [2].
3. Proposed text for specification of preamble sequence generation
The random access preambles are generated from Zadoff-Chu sequences with zero correlation zone, generated from one or several root Zadoff-Chu sequences. The network configures the set of preamble sequences the UE is allowed to use.
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where the length 
[image: image3.wmf]ZC

N

 of the Zadoff-Chu sequence is given by Table 5.7.2-1. From the 
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 root Zadoff-Chu sequence,  random access preambles with zero correlation zone of length NCS-1 are defined by cyclic shifts according to
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where NCS is given by Table 5.7.2-2 and the cyclic shifts 
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where the parameters of restricted sets of cyclic shifts are defined by
if  NCS ≤ du < NZC/3,
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else if  NZC /3 ≤  du ≤ (NZC- NCS)/2,
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, S=NZC-2du+P·NCS, 
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otherwise, P=R=0, i.e. there is no cyclic shift in the restricted set.
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 is the number of groups in which the distance between adjacent cyclic shifts is NCS. 
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 is the number of restricted cyclic shifts per group and 
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 is the distance between start positions of adjacent groups. 
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 is the number of cyclic shifts in an additional smaller group. The variable 
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 is the amount of the cyclic shift of xu(n) that would be produced by a Doppler shift fD=1/TPRE.  
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4. Conclusion
It is proposed to update section 5.7.2 in TS 36.211 with the content of section 3.
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