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1 Introduction 
Some of the open RACH related RAN1 questions are discussed. We are proposing a system for ordering of preamble sequences and present our opinion on cyclic shift set, time resource allocation and frequency hopping. We also discuss the problem of RACH on 1.4 MHz system bandwidth.
2 Ordering of preamble sequences
 At least four ordering systems have been proposed earlier. 
1. Ordering according to cubic metric (CM) [1]
2. Ordering according to the maximum supportable size of high mobility cells [2]
3. Grouping first according to CM and then ordering according to supportable cell size inside each group (ZTE in Ref. [3])
4. Grouping first according to supportable cell size and then ordering according to CM inside each group (LGE in Ref. [4]).
Ordering according to CM would be desirable because then the sequences allocated to a cell would provide nearly the same coverage. Ordering according to cell size would optimize the sequence reuse when network consists of both the low and the high mobility cells. Because the ordering schemes 1 and 2 are contradicting, the hybrid schemes 3 and 4 have been proposed. We think that some kind of a hybrid scheme is needed because both the CM and the cell size criterion are important.

The CM of the preamble sequences varies from -0.7 to 2.4 dB but actually a CM value below the CM of QPSK cannot be utilized for improving the coverage because UEs are not allowed to boost the mean power above 24 dBm. Then it is reasonable to divide the sequences into low and high CM groups as in ZTE’s proposal of Ref. [3]: the coverage of all the sequences in the low CM group is maximal while it is smaller and variable for the sequences in the high CM group.  In ZTE’s proposal the sequences in the low and high mobility groups were ordered further according to the cell size criterion only, but LGE’s system of Ref. [4] can also be applied separately to the low and high CM groups (or high CM group only). This way it would be possible to utilize the CM differences inside a group. Such a hybrid scheme is introduced in Fig. 1. 
Defining the high and low CM groups would simplify sequence allocation because in many cases sufficient reuse factor would be obtained by using only the sequences from the low CM group. If LGE’s system was applied to all sequences (without forming first the low and high CM groups) the low CM sequences would be scattered in several small disconnected groups which would mean more inefficient sequence allocation. 
With any sequence ordering system we should define cyclic indexing such that the sequence number 1 is consecutive to the sequence number 838. This would simplify the specifications by removing an error case that otherwise should be taken into account in UEs implementation. In a scheme based on ZTE’s system or the hybrid of ZTE’s and LGE’s  systems, cyclic specification would join the end of the high CM group to the beginning of the low CM group which would be reasonable because these sequences support the same size of high mobility cells. 
Thinking about UE, the systems 2, 3, 4, and the hybrid of 3 and 4, introduced here, could in practice be of equal complexity because a likely implementation of these systems is to store the sequence order (419*9bits) to the permanent memory. The memory would be saved by using the system 1 and utilizing directly the order of the ZC sequence indexes, leading to rough, but not completely monotonous order according to CM. 
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Figure 1.  A sequence ordering system combining the ideas from Ref. [3] and Ref. [4]. In the upper part the maximum supportable Ncs has been given as a function of the sequence index. As an example, we have here assumed that Ncs can have values 13, 26, 38, 52,64,76,83,104, 119, 139, 167, 209, 279, 419, and 420. Ncs = 0 marks those sequences that cannot be used at all in high mobility cells.  The sequences are first divided into the low and the high CM groups like in Ref. [3]. After that the indexing system of Ref. [4] is applied separately to the two groups:  sequences inside one CM group are segmented according to the supportable size of high mobility cells, and the segments are sorted according to CM. Here every other segment is sorted with decreasing CM and every other segment with increasing CM.  The low CM sequences provide the same coverage and in that sense segmenting of them is useless. 
3 Cyclic shift set
3GPP has agreed that 16 cyclic shift, Ncs, values are defined. A few Ncs sets have been proposed as shown in Table 1 [1, 5, 6]. The criterion of Huawei in Ref. [5] is to maximize the probability that two randomly selected preambles are cyclic shifts of the same root sequence. This leads to a small benefit as such preambles do not interfere each other. TI’s criterion in Ref. [1] is to choose the set of Ncs that minimizes the number of root sequences reserved for one cell. In Ref. [6], Samsung selects the small Ncs values so that the incremental change of the relative cell coverage area keeps constant. 
The sets of  Huawei and Samsung are very similar and because of the increased probability of zero correlation, they are expected to provide a slight gain over TI’s set in small cells and when the RACH load is very large so that many preambles are transmitted simultaneously. However, when the RACH load is normal corresponding to around 1% collision probability, the benefit of zero correlation is very small since simultaneous preamble transmissions take place infrequently. We believe that TI’s criterion is then more important and their Ncs set is close to optimal.  A small modification could be considered by inserting Ncs =15 and removing for instance Ncs =76. We expect that this kind of modified TI’s set would provide practically equal performance with Huawei’s or Samsung’s set with all cell sizes and even with very high RACH loads. After the modification, the worst case difference in the zero correlation probability would be small.  The modified TI’s set is shown in the bottom of Table 1.
Table 1. Proposals for cyclic shift set.
	Ncs index
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15

	Samsung,Ref.[6]
	13
	15
	18
	23
	28
	36
	46
	60
	78
	102
	135
	167
	209
	279
	419
	420

	Huawei, Ref. [5]
	13
	15
	18
	22
	26
	32
	38
	46
	59
	76
	93
	119
	167
	279
	419
	420

	TI Ref. [1]
	13
	19
	26
	38
	52
	64
	76
	83
	104
	119
	139
	167
	209
	279
	419
	420

	Nokia
	13
	15
	19
	26
	38 
	52
	64
	83
	104
	119
	139
	167
	209
	279
	419
	420


4 RACH allocation

A good proposal for time resource configurations was made in Ref. [7]. Six access slot densities (1/20ms, 1/10 ms, 2/10ms, 3/10ms, 5/10 ms and 10/10ms) with three, two, or one offset values were defined leading to 15 configurations. The smallest densities 1/20ms and 1/10ms are not useful for the system BW of 20Mz (more RACH capacity is likely needed) and the densities above 1/10ms are not reasonable with the system BW of 1.25 MHz (RACH would take 20% or more from the UL capacity).  Therefore, it could appear as if there would be space for optimization in such a way that the system BW would define the range of densities available. However, for instance at 10MHz BW, the densities 1/10, 2/10, 3/10, and 5/10 could be useful. With the offsets there would be 11 values and four bits would be needed in the System Information, just like with the full set of configurations. Only in the case of 1.25Mz BW we could clearly do with only three bits in System Information because in that case only the densities 1/20 and 1/10 ms with three offsets (altogether six configurations) are reasonable. 

The frequency hopping patterns of the RACH allocations have not yet been defined although there seems to be a rather wide consensus that one pattern defined in the standard would do. Because RACH periodicity of 10 ms could be desirable, a hopping pattern of that length is needed. On the other hand, a longer period would be needed at low time slot densities in order to utilize the diversity better. It might then be reasonable to define two hopping patterns: one with period 10 ms and another with 40 ms periodicity synchronized to the P-BCH TTIs. 
5 RACH at 1.4 MHz BW

As discussed in Ref. [8], there is a problem when PRACH fills the whole system BW and would overlap ACK/NACK transmission on PUCCH. The solution proposed in Ref. [8] was to narrow the PRACH bandwidth to four or five RBs. (Five RB’s would mean one slot offset between PRACH and PUCCH.) Although being otherwise straightforward, narrowing PRACH for the case of 1.4 MHz BW would complicate UE’s implementation and mean more testing. Therefore, other options should be excluded carefully.
At 1.4 MHZ BW only a fraction of the ACK/NACK multiplexing capacity of PUCCH would be in use and, considering just the resources, it could be possible to delay by one sub-frame those ACK/NACKs that would otherwise be transmitted on top of the PRACH allocation. DL allocations should then be such that a UE does not need to transmit two ACK/NACKs in the same sub-frame. However, delaying would not be possible if extended or repeated RACH formats would be used because those reserve two or three consecutive sub-frames. 

We have run simulations on the PUCCH performance degradation if RACH preambles are transmitted on the same band (without narrowing PRACH). If a reasonable load on RACH could be guaranteed the interference from PRACH on PUCCH might allow simultaneous transmission on the same band. When we assumed Poisson distributed RACH traffic with mean offered load of 1.0/aceess slot, access slot density 1/10 ms, 3dB variance in the initial power (due to UE’s error in rx power measurement and tx power setting),  initial power  target Ep/N0=20dB, 2 dB power ramp-up steps, and ETU 3km/h channel, we observed less than 0.5dB degradation in the mean error rate of ACK detection (ACK interpreted as NACK or DTX, DTX -> ACK error rate was set to 1%). The mean error rate included also those sub-frames that were free of PRACH. Because the RACH load may not be rapidly controllable, the question is how severe overload situations we should be prepared for and how much the ACK/NACK detection can be allowed to suffer due to RACH overload. Note that the offered load of 1.0 with access slot density 1/10ms would be unusually high load in case of 1.4MHz BW. 
The interference from PUCCH on PRACH would be severe if several UEs were multiplexed on PUCCH overlapping in frequency with PRACH.  In that case, avoiding RACH sensitivity loss of 1.8 dB might call for interference cancellation. The loss of 1.8 dB is reached if RACH receiver neglects those parts of the frequency band that are occupied by PUCCH.     
In summary, it seems difficult to avoid narrowing of PRACH to 4 RB’s in case of 1.4 MHz BW.
6 Conclusions
Our proposals are:

 Root sequences should be divided into two groups according to CM being above or below the CM of QPSK. LGE’s sequence ordering scheme should be applied separately to the low and high CM groups: the sequences inside a group are segmented according to cell size criterion and the sequences inside a segment are ordered according to CM. 
Root sequence order should be interpreted cyclic so that the sequence with index 1 is consecutive to the sequence with the index 838.

The set of Ncs values should be like TI has proposed in Ref. [1] or TI’s set should be modified by removing Ncs =76 and adding Ncs =15.
Time resource configurations should be as proposed in Ref. [7]. Both 10 ms and 40ms long frequency hopping patterns should be defined.
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