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1 Introduction

According to [1], the two-dimensional reference signal sequence 
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, where the variables k and l are positions of a reference symbol in frequency and within a slot, respectively, while m and n are the ordinal numbers of the reference symbol in frequency and within a slot, respectively. The variable k is given by 
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where 
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 is a shift in the frequency domain for the different reference signals, while x(i) is the cell-specific integer sequence of length 10, that determines (together with q) the frequency offset of all reference symbols within a subframe. The variable i=0, 1, …,9 represents the subframe number within a radio frame. 
The correct phase of the cell-specific RS FH sequence x(i) is obtained from the acquired frame synchronization, achieved from the S-SCH signals after the second step of the cell search. (When there are 2 S-SCH signals per frame, the frame synchronization can be easily obtained by using 2 different S-SCH sequences in a frame as being the 2 elements of a cyclically unique codeword [2].) 

In Section 2 we define the cell-specific FH sequences x(i) as function of the cell ID group number. The corresponding motivation is given in Section 3. In Section 4 we discuss the effects of modulo 6 reduction of x(i). In Section 5 we give an extended definition of x(i) to incorporate constant frequency shift sequences. In Section 6 we discuss DL RS frequency positioning in case of simultaneous unicast and MBMS transmissions. Finally, in Section 7 we give 2 alternative proposals for agreement on the specification of x(i) in Section 5.6.2 of TS 36.211.
2 Cell-specific RS FH sequence x(i) as a function of cell ID group
The cell-specific RS FH sequences must be defined in terms of either cell group ID, or cell ID. If RS FH sequences are associated with the cell group ID, the RS FH sequences are completely known before the third step of the cell search, what minimizes its complexity [3]. Thus we shall assume that x(i) is associated with the cell group ID. 

The simplest mapping between the cell ID group number IDg and the cell-specific RS FH sequence x(i) can be obtained directly from the optimum general construction method B from [4], implemented in Galois Field GF(11), as
x(i) =
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(1)

where the coefficients w(j), j=1,..,D, might have any value in the range 0-9 in the decimal representation of the cell ID group number IDg, as
IDg = 
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3 Motivation
The number of cell-specific DL RS frequency-hopping (FH) sequences x(i) does not need to be larger than the number of cell ID groups, in order to make it possible for cell search procedure to detect x(i) before using reference symbols to detect the cell ID within the cell ID group [3]. The number of FH sequences can of course be smaller than the number of cell ID groups, as in the simulation setup of [4], in which case the maximum number of hits between the sequences can be kept very low. However, to keep the corresponding pilot-to-pilot interference low between cells it is required to make careful cell planning for the allocation of such small number of RS FH sequences. To avoid such cell planning, but in the same time minimize the number of potential hits between the FH sequences, we use the construction method for FH sequences from [4] to define the large set of cell-specific FH sequences x(i), where the number of sequences can be equal to the number of cell ID groups.

As there are 10 subframes in a frame, the length of FH sequence x(i) is L=10. The frequency spacing between the reference symbols is M=6 resource elements. 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 the coefficients with i1 and i0 in the associated polynomials fixed and equal 1 and 0, respectively, as described in [4].
4 Effects of modulo 6 reduction of x(i)
As the sequences x(i) are used in the definition of index k after modulo 6 reduction, a relevant question is what are the crosscorrelation properties of the FH RS sequences x(i) defined by (1) after modulo 6 operation. The answer is that the histogram of the number of hits, between all possible pairs of the FH RS sequences (1) after modulo 6 reduction (including all possible mutual cyclic time shifts of both sequences in a pair), obtains a tail, meaning that the maximum number of possible hits between some 2 sequences becomes larger than D+1 (what is the maximum number of hits without modulo 6 reduction of the sequences). However, the two related facts are important to notice:

- 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 is very low, as it can be seen in the Figure below.

To illustrate the correlation properties of the sequences (1) after modulo 6 reduction, we shall assume the cell ID group number IDg in the range 0-199, meaning D=3. In such a set of 200 sequences, for each possible pair of sequences x(i) 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. As we can see, the number of possible hits is mostly between 0 and 3, with the maximum at 1. Note that the maximum number of hits in the same set of sequences, but without modulo 6 reduction, is D+1=4 (as it is the maximum possible order of the difference polynomial of two associated polynomials defining two different FH sequences [4]).
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 group IDs. 

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 dramatically 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 group ID decimal 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 200 sequences of length 10.

5 An extension of the definition (1) to incorporate constant sequences
According to Eq. (1), all the RS FH sequences x(i) are non-constant sequences. This by itself is not any kind of drawback in terms of interference-averaging performances, quite contrary. 

However, the decision from RAN1 #47 meeting in Riga, that “the cell-specific RS frequency hopping on TTI basis (with no hopping and frequency shifting as special cases) is allowed”, can be interpreted as if  the set of FH sequences x(i) should also contain constant sequences x(i)=0, x(i)=1, x(i)=2, x(i)=3, x(i)=4, and x(i)=5.
The simplest way to add these 6 constant sequences to the set of all RS FH sequences, would be that the constant sequences x(i)=0, x(i)=1, x(i)=2, x(i)=3, x(i)=4, x(i)=5, are associated always with the group cell IDs IDg =0,1,2,3,4,5, while the FH sequences from Eq.(1) are associated with IDg >5. Mathematically, it can be described as 
x(i) =
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where the coefficients w(j), j=1,..,D, might have any value in the range 0-9 in the decimal representation of the cell ID group number IDg, as given by Eq. (2).
The constant sequences x(i)=IDg, IDg =0,1,2,3,4,5, will not change the maximum number of pair-wise hits between the sequences in the set of sequences given by the Eq. (1). However, as in each cell there might be up to 4 RSs obtained by different frequency shifts, if the 6 cell-specific constant sequences x(i)=IDg are allocated in the neighboring synchronous cells, they might cause 100% hits between the different RSs in different neighboring cells, all the time. Of course, if the cells contain only on RS, this problem does not exist.

6 DL RS frequency positioning in case of concurrent MBMS transmission

In the case when unicast and MBMS transmissions occur in the same bandwidth and in the same subframe, none of the resources even potentially used by unicast can be used by MBMS. Thus, in such subframes the unicast DL RS must be switched to "no-hopping" mode, i.e. cell-specific RS FH sequence x(i) has to be switched to a constant, pre-defined value.
An appropriate signaling mechanism is needed to inform UE in which subframes within a frame the cell-specific RS frequency hopping is switched off. The signaling of DL RS FH status should be the same regardless whether a carrier is completely allocated either to unicast or multicast transmission, or to both.
The BCH can be convenient tool to use for signaling the DL RS FH status in other subframes (not containing BCH) in a frame, as Ericsson proposed in the discussion on the email reflector [5]. Then the remaining issue is what kind of DL RS, cell-specific FH RS or common fixed RS, to have in the subframe carrying BCH. Here are some pros and cons for each of two possibilities:
a) cell-specific DL FH RS in subframe carrying BCH:
    pros: 
· pilot-to-pilot interference averaging in the BCH subframe;
· in the case when the carrier is entirely allocated for unicast, all subframes in a frame have pilot-to-pilot interference averaging.

    (possible) cons:
· MBMS transmission has to be avoided in a subframe where BCH is transmitted, what imposes a bit reduced flexibility in designing MBMS. Note that unicast and MBMS can be either FDM or TDM multiplexed in the other subframes. However, the discussion about MBMS multiplexing is still ongoing, and if TDM multiplexing for MBMS is adopted, this potential disadvantage almost disappears.

 

b) common fixed RS in subframe carrying BCH:

    pros: 

· no restrictions on possible MBMS multiplexing solutions.
    cons:
· no pilot-to-pilot interference averaging in the BCH subframe;
· no pilot-to-pilot interference averaging in the BCH subframe even if the carrier is entirely allocated for unicast.
We prefer option a), unless some additional benefit of alternative b) pops out.
7 Conclusion
We propose to include Eq. (1) in the section 5.6.2 of TS 36.211. 
Alternatively, in case that some companies still insist to include the 6 constant sequences in the set of DL RS FH sequences x(i), we propose to include Eq. (3) (instead of Eq. (1)) in the section 5.6.2 of TS 36.211.
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