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1 Introduction

At the meeting in Sorrento it was agreed that “shifting is a subset of hopping patterns”. It was also decided to tie the cell-specific DL RS frequency hopping (FH) sequences fhop(j) to the cell identity group numbers. As there are only 6 frequency shifting (FS) sequences, the remaining question is how many of 170 available cell identity groups are mapped to 6 FS sequences. (It is clear that not all 170 cell identity groups should be mapped to FS sequences, because it would contradict the decision from Sorrento.)
Our proposal is to map H=6 cell identity groups to 6 available FS sequences (fhop(j)=0, fhop(j)=1, fhop(j)=2, fhop(j)=3, fhop(j)=4, and fhop(j)=5). This will not change the system performances compared to the case when all cell identity groups are mapped to FH sequences.
In Section 2 we define the cell-specific FH sequences fhop(G,j) as function of the cell identity group number G. The corresponding motivation is given in Section 3. In Section 4 we discuss the effects of modulo 6 reduction of fhop(j). Finally, in Section 5 we give a proposal for agreement on the specification of fhop(G,j) in the TS 36.211.
2 DL RS FH sequences
The cell-specific DL RS FH sequence fhop(G, j) is defined directly from the optimum general construction method B from [2], implemented in Galois Field GF(11), as 
                  fhop(G,j) =
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where the coefficients g(i), i=1,..,D, might have any value in the range 0-9 in the decimal representation of the cell identity group number G, as 
G = 
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From the reasons explained in the Introduction we choose H=6. According to the current working assumption there are 170 cell identity groups, so D=3. 
3 Motivation
There are up to 4 DL reference signals, denoted R1 to R4 in [1]. The reference signals R2 to R4 can be shifted in frequency 1 to 5 resource elements with respect to the frequency position of R1, depending on the subframe number and position within a subframe. It means that the cell-specific RS FH sequences should not be cyclically frequency-shifted versions of each other, in order to avoid any possibility of having permanently the same frequency positions of reference signals in different cells. Besides, as we also have to ensure good performances in time asynchronous systems, the cell-specific RS FH sequences should not be cyclically time-shifted versions of each other.

None of the sequences in the set generated by (1) is neither cyclic time-shifted nor frequency-shifted version of some other sequence from the set, what is ensured by having in the associated polynomials P(z) the coefficients with z1 and z0 fixed and equal 1 and 0, respectively, as described in [2].
For the alternative frame structure, only the first 7 elements of the DL RS FH sequences fhop(G,j) specified by Eq. (1) should be used. In that way we have to large extent the same FH sequences for both frame structures, what is in line with RAN1’s orientation to use as much as possible similar solutions for both FDD and TDD. Another advantage of this solution is that we keep the same (elegant) mapping between the cell identity groups and the coefficients of the polynomials associated to the the sequences.
4 Effects of modulo 6 reduction of fhop(G,j)
As the sequences fhop(G,j) are used after modulo 6 reduction [2], a relevant question is what are the crosscorrelation properties of the FH RS sequences defined by (1) after modulo 6 operation. 
Assuming G in the range 0-169 (D=3), and assuming L=10, for each possible pair of sequences fhop(G,j) mod 6 we have calculated the number of hits between all cyclically time-shifted versions of the sequences in a pair. The histogram of the number of hits is given in Fig.1. The two related facts are important to notice from Fig.1:
- It is still valid that even after modulo 6 reduction, none of the sequences in the set generated by (1) is neither cyclic time-shifted nor frequency-shifted version of some other sequence from the set.
- The number of occurrences of the numbers of hits larger than D+1=4 (what is the maximum number of hits without modulo 6 reduction of the sequences, as it is the maximum possible order of the difference polynomial of two associated polynomials defining two different FH sequences [2]) is very low.
Due to the very small probability of occurrences of the numbers of hits larger than D+1 (1.6%), there is no need for any network-level planning of cell identity groups. 

From the same reason, it does not seem that an optimized and tabulated subset of sequences (if exists at all) with the number of hits not larger than D+1 would make any difference in communications performances compared to the case without modulo 6 reduction, while it would increase implementation complexity in the UE compared to the case when the FH sequences are defined analytically, as with Eq. (1), in which case the UE can calculate them on-line from the detected cell identity group number.
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Fig.1. Distribution of the number of hits between all cyclically time-shifted versions of the sequences in a pair from the set of 170 sequences of length 10.
The corresponding histogram of the number of hits for the sequences of length 7 is given in Fig.2.
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Fig.2. Distribution of the number of hits between all cyclically time-shifted versions of the sequences in a pair from the set of 170 sequences of length 7.
5 Conclusion
We propose to include Eq. (1) in TS 36.211. For the alternative frame structure, only the first 7 elements of the DL RS FH sequences fhop(G,j) specified by Eq. (1) should be used.
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