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1. Introduction
This contribution proposes a few refinements and changes to the sections of TS 36.211 v.1.0.0 [1] concerning RACH preambles in FDD system.  The agreed basic structure consists of a CP (cyclic prefix) of about 0.1ms, followed by a ZC (Zadoff-Chu) sequence of 0.8 ms. No additional ZC sequences should be introduced but the possible other structures should be made by repeating the sequences of 0.8 ms and by defining new CP lengths.  In Section 2, we are presenting additional structures for cells where the maximum propagation delay could exceed the GT (guard time) of 0.1ms of the basic structure. In Section 3, we are discussing shortly the need of sequence repetition for better coverage. It should be noted that supporting of large propagation delays and providing sufficient coverage are separate issues as the coverage problems may appear even in relatively small cells. 
The preamble sequence can be specified equivalently in time or frequency domain. The benefits of frequency domain specification are mentioned in Section 4. Section 5 discusses the quantization of possible cyclic shift values.    
2. Support for large propagation delay
The generic preamble structure of Ref. [1] supports only cells up to the range of 14.6 km. In larger cells, preambles would leak to the next sub-frame causing interference.  The problem could be solved by the eNB scheduler that could use the sub-frame following the RACH allocation as a guard time. This can be considered as a purely implementation related solution and does not need to be standardized.  
A CP corresponding to the delay uncertainty should be included for simple frequency domain processing.  For cells with a range from 14.6 to 29.2 km, the optimal preamble structure consists of a CP of about 0.2ms, followed by two repeating ZC sequences, leaving about 0.2ms for the guard time. This structure is optimal in the sense that the preamble energy is maximized with the constraint that a RACH allocation consumes two sub-frames.  A structure maximizing the delay range consists of a CP of about 0.6ms, followed by the ZC sequence of 0.8ms, leaving about 0.6 ms for the guard time. This would support cell ranges up to 90 km. Even larger cells could then be supported by scheduler leaving the third sub-frame as a guard time.   
Our proposal is that three preamble structures are defined for supporting cells of different range:

· CP of about 0.1ms + ZC sequence of  0.8 ms for cell ranges smaller than 14.6 km
· CP of about 0.2 ms + two times the ZC sequence of 0.8 ms for cell ranges between 14.6 and 29.2 km
· CP of about 0.6 ms + ZC sequence of 0.8 ms for cell ranges up to 90 km
3. RACH coverage

A reasonable principle for deciding the preamble length was presented in Ref. [2]: Rather than trying to decide on the requirements based on channel models for large cells, the preamble length should be optimized so that RACH detection performance is in balance with reception on scheduled channels. As explained in Ref. [2], this kind of balance leads to the equation
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for the preamble length. Here 
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is the preamble energy, R is the bit rate and 
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 the energy per bit on the scheduled channel. In Ref. [2], RACH coverage was balanced with a channel carrying user data with a typical cell edge bit rate. However, it is not clear how atypically low bit rates the system should be designed for. Therefore, it might be better to balance the RACH and UL control channel coverage. The schemes for ACK/NACK and CQI transmission have not yet been decided but the performance of a candidate for ACK/NACK transmission is analyzed in Ref. [3]. The occupied BW of 180 kHz,  SNR = -7 dB (corresponding to ACK/NACK error rate of 0.1% in TU 6 path channel) and  
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 (corresponding to 99% preamble detection probability in TU channel) would call for 
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ms. Our belief then is that preambles longer than 0.8+0.8 ms are never needed. 
4.  Time versus frequency domain definition
The ZC sequence is defined in Ref. [1] in the time domain. The definition could be as well done in the frequency domain, since DFT maps a ZC sequence to another ZC sequence with a different sequence index and cyclic shift. In a likely UE implementation, calculating DFT of a ZC sequence is anyway avoided, and defining the sequences directly in the frequency domain would be the preferred solution because one not completely trivial mapping would be avoided. Frequency domain definition would also simplify calculation of the available cyclic shifts if the sequence restrictions are applied for supporting high mobility UEs [4, 5]. Therefore, unless more compelling arguments are presented for the time domain definition, we propose that the ZC sequence is specified in the frequency domain. 
5. Signaling of the available cyclic shifts
Ref. [1] mentions that the cyclic shifts are multiples of 
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 defined in the standard. This kind of quantization would be necessary for saving resources if eNB listed the available cyclic shifts in the System Information. Such a listing is not necessary, but it is enough if UE receives an index of one root ZC sequence and a cyclic shift value 
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 that reflects the maximum propagation delay.  If sequence restrictions for the cells with high mobility UEs are not applied, UE obtains 
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 cyclically shifted sequences from the root sequence, and continues with the consecutive root sequence if more sequences are needed.  In a general case, this leads to uneven number of used cyclic shifts per root sequence, which is an optimal situation because the cross correlation between the root sequences is larger than the correlation between the cyclic shifts of the same root sequence [6]. If the sequence restrictions are applied, UE finds the available cyclic shifts using the rules explained in Ref. [4]. These involve such a simple calculations that they can well be left for the UE. If we want to maximize the number of sequences in this case, the allowed cyclic shifts are not always multiples of a 
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We are proposing that the quantization of the possible cyclic shifts is removed from TS 36.211, i.e. 
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6. Conclusion

Our proposals for the next TS 36.211 update are:

· If the RACH coverage is balanced with the other channels, the ZC sequence needs to be repeated at most two times. 
· Two additional CP lengths for the cell ranges larger than 14 .6 km should be defined. The shorter of these would be connected to two times repeated ZC sequence so that this structure would also provide improved coverage for the cell ranges below 29.2 km. 
· The preamble generation should be defined with a frequency domain ZC sequence.
· Quantization of the possible cyclic shift values in units larger than one sample of ZC sequence should not be defined. 
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