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1. Introduction

DL reference signal structure has been actively discussed in previous RAN WG 1 meetings. The current agreement is given in [1]. A remaining open issue is the cell ID group specific sequence that defines how the reference signals are hopped/shifted in different cells. In the discussions it has been noted that from network planning point, a good solution would have both, pure shifting and pure hopping sequences, and there would be a 50/50 split between these two sets of sequences. This allows for the operator to either plan the network to have clusters of cell ID groups with non-colliding reference signals, or to distribute the cell ID groups   randomly. In this contribution we study different solutions to design such a set of sequences.
2. Sequence Analysis
A straightforward way to introduce a set of hopping/shifting sequences with 50/50 split of cell ID groups between hopping and shifting is to take an existing set of 170 hopping sequences and modify the sequences corresponding to 84 smallest cell ID groups for shifting only. Hence the sequence fIDg(j) could be defined as 
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where 
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 denotes some specific frequency hopping sequence. Several possible ways exist to generate the hopping sequences 
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. In what follows we compare three different possibilities 
1. 11-ary (10,3) RS-code reduced modulo 6 as introduced by Huawei in [2], hereafter referred to as Mod 11 construction (Remark: in [2] the use of 11-ary (10,4) RS-code is proposed, because a code with more than 121 sequences was required. For the smaller family of FH patterns needed in this proposal, it is natural to use the better (10,3) code instead.)
2. 31-ary cyclically punctured (10,3) RS-code reduced modulo 6, hereafter referred to as Mod 31 construction (see Appendix A)

3. CRT construction (see Appendix B)

    A natural metric to describe properties of certain set of hopping distributions is the number of hits between pairs of sequences also including cyclically shifted and time shifted sequences as described in [2]. We have reported this statistics for the three different constructions in Table 1. It can be seen that the properties of these sequences are more or less equal. However, when shifting only sequences are generated from the original constructions of 6 shifts and 164 FH patterns, we see from Table 2 that Mod 11  construction has slightly higher frequency of large number of collision cases than the other two. This is due to the fact that the Mod 11 construction does not uniformly use all the frequency offsets as can be seen from Table 3. It can be concluded that when sequences for both hopping and shifting are generated by modifying an existing set of hopping sequences, uniform usage of frequency offset by the original construction is beneficial.  
Table 1 Number of collisions of original construction
	# of collisions
	Mod 11
	Mod 31
	CRT

	0
	21797
	25365
	29110

	1
	45058
	44069
	37503

	2
	41001
	41100
	46536

	3
	24850
	22173
	18523

	4
	8700
	8600
	9446

	5
	2052
	1955
	1015

	6
	158
	349
	1517

	7
	27
	39
	0

	8
	7
	0
	0

	9
	0
	0
	0

	10
	0
	0
	0


Table 2 Number of collisions when 50/50 split  is used
	# of collisions
	Mod 11
	Modulo 31
	CRT

	0
	47036
	46493
	55218

	1
	36095
	36487
	29058

	2
	28284
	29896
	26929

	3
	17929
	17418
	15122

	4
	7434
	6764
	8423

	5
	1238
	1097
	1791

	6
	174
	35
	1649

	7
	0
	0
	0

	8
	0
	0
	0

	9
	0
	0
	0

	10
	5460
	5460
	5460


Table 3 Usage of frequency offsets(original 6 shift + 164 hopping pattern data in parenthesis)
	 Frequency offset
	Mod 11
	Mod 31
	CRT

	0
	295 (306)
	306 (316)
	286 (288)

	1
	297 (311)
	279 (280)
	285 (281)

	2
	298 (308)
	275 (271)
	284 (281)

	3
	296 (306)
	282 (281)
	278 (288)

	4
	295 (310)
	280 (272)
	280 (281)

	5
	219 (159)
	278 (280)
	287 (288)


3. Conclusions

In this contribution we have studied properties of three hopping sequence constructions. It can be seen that when 50/50 split between pure hopping and pure shifting is arranged by modifying original set of hopping sequences, uniform usage of frequency offsets becomes important. This aspect should be taken into account when final decision on the hopping sequences is done.
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Appendix A – Mod 31 construction

The finite field GF(31) contains a multiplicative cyclic group of tenth roots of unity generated by -2=29. Thus we get a cyclic codes of length 10 by extracting every third symbol from words of 31-ary RS codes of length 30. In other words the FH patterns we propose are third decimations of words of the full length RS-codes. As the final FH patterns have components modulo 6 GF(31) is a better ground field than GF(11) because the division of the elements into residue classes modulo 6 is more uniform. Another noteworthy fact here is that unlike in the Mod 11 construction (see [3] for some theoretic background) we do not need to restrict ourselves to evaluating polynomials with linear term coefficient equal to 1 in order to get cyclically distinct patterns. We can use all the third roots of unity (1, 5, and 25) in this position as this subgroup forms a full set of representatives of cosets of the critical subgroup of tenth roots of unity. The detailed construction is as follows: write 
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 with i ranging from 0 to 28 and j from 0 to 2. Form the polynomial 
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. The FH pattern is then given as 
[image: image6.wmf])

6

),

31

),

)

2

((

mod(mod(

)

,

(

j

q

IDg

j

a

-

=

.
Appendix B – CRT construction

This construction is based on combining one out of 24 ternary (mod 3) sequences with one out of 4 binary sequences by using the Chinese Remainder Theorem (CRT). The 24 ternary component sequences are gotten by computing the trace functions of non-constant linear polynomials at the tenth roots of unity in the field GF(81). The binary component sequences were handpicked (see the table below). These are combined in all the possible ways by CRT to form modulo 6 sequences.
	seeds for the ternary components of the CRT FH patterns

	index
	0
	1
	2
	3
	4
	5
	6
	7

	seed
	1000
	0100
	2100
	1010
	1110
	2110
	2210
	2111


	binary component sequences of the CRT FH patterns

	index
	0
	1
	2
	3

	sequence
	00 00 00 00 00
	11 11 11 11 10
	10 10 10 10 10
	11 10 01 10 00


A fast way of generating these sequences is as follows. This time we expand 
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 from 0 to 2, and 
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 from 0 to 3. We use 
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 to select a 4-term ternary seed vector 
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from the table. This seed is expanded into a sequence of length 10 using the recurrence formula 
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 for k=4,5,…,9. We similarly select a binary sequence b(0),b(1),…,b(9) from the other table using 
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 as the index. The actual sequence is then finally obtained via the CRT-formula 
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 This method was chosen to minimize the size of the look-up-tables, but it may actually save memory to store the 8 ternary sequences expanded to their full length and thus do away with the need to code the recurrence formula.
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