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1. Introduction
Some of the remaining issues on RACH are discussed. In the previous meeting it was agreed that CP extension without preamble repetition is the method of coping with large delay uncertainty. The need of preamble repetition for coverage was left for further studies, and we are discussing that in Section 2. Frequency offsets affect preamble detection, and it has been agreed that the problem is mitigated using sequence restrictions. The principle of the solution was introduced in Refs. [1, 2], and detailed restriction schemes were presented also in Refs. [3, 4]. In section 3, the restriction scheme of  Ref. [2] is illustrated in order to clarify the differences between the approaches.
2. RACH coverage

A reasonable principle for deciding the preamble length was presented in Ref. [5]: 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. [5], this kind of balance leads to the equation
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for the preamble length. Here Ep is the preamble energy, R is the bit rate and Eb the energy per bit on the scheduled channel. In Ref. [5], RACH coverage was balanced with a channel carrying user data with a typical cell edge bit rate of 64 kbps. However, it is not clear how atypically low bit rates the system should be designed for. Therefore, it might be reasonable to balance the coverage of preamble to that of the Message 3 of the random access procedure. The present assumption in RAN2 is that the minimum Message 3 size is 72 bits. HARQ has been defined for Message 3, and assuming maximum three transmissions would mean data rate R=24 kbps. Assuming Eb/N0 = 5dB, Ep/N0 = 17dB  (corresponding to 99% preamble detection probability in TU channel) would call for Tpre = 0.66ms so that the preamble of length 0.8ms would provide a reasonable coverage compared with Message 3. However, for reaching the coverage of 12.2 kbps (AMR), we would then need preamble repetition and modification of Message 3 design either by reducing its bit number or allowing more than three repetitions. Anyway, at least preambles longer than 0.8+0.8 ms are not needed. 
3. Sequence restrictions 

When a frequency shifted preamble signal is detected, additional correlation peaks are observed. The separation of the dominant additional peak  from the normal correlation peak is called a frequency cyclic shift Nf in this document. Nf depends on the root index as explained in [1, 2, 3, 4]: when the root index runs from 1 to Nzc-1, all the values of Nf between 1 and Nzc -1 are covered. Here Nzc is the length of the preamble sequence. The effect of the additional correlation peaks can be reduced by sequence restrictions meaning that the set of available root sequences and their cyclic shifts are limited in such a way that false detections due to the additional peaks are eliminated and that the additional peaks can be utilized in detection. 
Detailed sequence restriction schemes have been proposed in Refs. [1, 3, 4]. The restrictions in these proposals do not provide unambiguous propagation delay determination in case of very high frequency offsets although the false alarm rate could be reduced in nearly ideal manner. More constraining restrictions were proposed in Ref. [2]. Those restrictions allow unambiguous propagation delay measurement even at frequency offsets of 1/Tpre = 1.25 kHz on which the normal correlation peak disappears completely. In the following, we try to clarify the meaning of the restrictions of Ref. [2]. The terminology that we are using is explained in Figure 1. 
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Figure 1. The terminology used in this document. Nzc is the number of samples in the ZC preamble sequence. Unknown propagation delay causes the width Nw of timing uncertainty window. In case of small frequency offset, the correlation peaks are observed in the f=0 window. In case of high frequency offset, the dominant additional correlation peaks appear inside the f=+1 or  f=-1 window depending on the sign of the frequency offset.  The frequency cyclic shift Nf depends on the root index of the ZC sequence such that when the index runs from 1 to Nzc -1, all the Nf  values between 1 and Nzc -1 are covered.      

In Ref. [2], the rules of sequence restrictions were:

(1) The f=+1 and f=-1 windows are not overlapping with any f=0 window.
(2) The f = -1 windows do not overlap with the f=+1 or -1 windows corresponding to different f=0 windows.
(3) The f=-1 window does not overlap with the f=+1 window corresponding to the same f=0 window.
According to our interpretation, Ref. [3] describes a procedure where rule (1) is obeyed strictly while rules (2) and (3) have been neglected.  The procedures in Refs. [1,4] do not fulfill any of the rules.  Rule (1) alone would guarantee low false alarm probability while unambiguous propagation delay determination would call also for rules (2) and (3). In order to clarify the meaning of the rules, we show a few forbidden configurations in Figure 2. Figure 3 displays how the restrictions limit Nw and Nf values. 
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Figure 2.  Configurations that are forbidden by the rules of restrictions from Ref. [2].  Example A in top: Nf < Nw. The f=+1 and f=-1 windows overlap with the f=0 window. Example B: The f=+1 window connected to an f=0 window overlaps with the f=-1 window of another cyclic shift.  Example C: The f=+1 and f=-1 windows of the same f=0 window are overlapping. The red boxes show the problematic regions: correlation peaks on those delays are not unambiguously connected to one propagation delay value or a single f=0 window.
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Figure 3.  Supported delay window widths Nw as a function of the frequency cyclic shift Nf.  At least one sequence is available for the (Nf, Nw) regions shown by the green color. 
We are proposing the following signaling and sequence selection system. 

1. UE reads the parameters broadcasted by eNB. The parameters for sequence selection are RootIndex (root index of a ZC sequence), Nw that reflects the maximum expected propagation delay in the cell (cell range), and a bit telling if the sequence restrictions are in use. 
2a. If the sequence restrictions are not in use, UE obtains Nshifts=floor(Nzc/ Nw ) cyclically shifted sequences from the root sequence RootIndex, and continues with the consecutive root sequences if more sequences are needed (Nshifts <64).  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].  
2b. If the restrictions are in use, UE starts by finding the frequency cyclic shift Nf  for the root sequence RootIndex. UE checks if this root index is at all acceptable i.e. that the f=+1 and f=-1 windows are not overlapping with each other or with the f=0 window. If the index was not acceptable, UE moves to studying the root index RootIndex + 1. If the first index was acceptable, the zero cyclic shift forms the sequence number one of the cell and the corresponding offsets of the f=0, +1, and -1 windows are marked as used. The sequence number two of the cell is selected as the smallest cyclic shift whose f=0, +1, and -1 windows do not overlap with the already used offsets. When such a cyclic shift is found the corresponding f=0,+1, and -1 windows are again marked as used. This procedure repeats until all the acceptable cyclic shifts are found or the 64 cyclic shifts have been collected. If more sequences are needed, they are searched with the same procedure from the consecutive root indexes. 
The restriction schemes of Refs. [1, 3, 4] allow more sequences than the more restricting rules of Ref. [2], but at the price of ambiguous propagation delay determination. The total number of sequences for a few different options is displayed in Figure 4.  The parameter Nw is carried in the System Information and it can be quantized in steps larger than one sample of the ZC sequence if necessary for saving bits in the System Information. The quantization should preferably be nonuniform in such a way that steps are decreasing towards the small Nw values. The total number of sequences at small Nw would provide very good sequence reuse factor even if coarse quantization were used. However, as explained in Ref. [6], the system performance is improved due to lower average cross-correlations if we make it more probable that UEs are transmitting more often with different cyclic shifts of the same root sequence rather than using different root sequences. For this purpose, fine quantization would be more useful for small than for large Nw. 
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Figure 4. The total number of preamble sequences as a function of the cell range for different restriction schemes.  Blue: no sequence restrictions. Red: only rule (1) is used, leaving ambiguity in propagation delay determination. Green: full restrictions of Ref. [2]. The sequence length Nzc=839 was assumed.
4. Conclusion

The coverages of Message 3 and RACH preambles of 0.8ms are in reasonable balance if Message 3 is assumed to contain 72 bits and only three transmissions are allowed. There is no reason to define at least longer than 0.8+0.8 ms preambles but preamble repetition would be needed if  RACH coverage were balanced with that of 12.2 kbps AMR transmission.
For the sequence selection, we are proposing a system where the physical layer derives the available sequences (root indexes and cyclic shifts) using three System Information parameters as described in Section 3. 
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