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1 Introduction

A virtual resource block (VRB) pair in downlink, i.e. two VRBs located in the two slots of a sub-frame and consisting of the same sub-carriers, is mapped into Nd physical resource block pairs (PRB pairs), where 
Nd =1, 2, or 3. 

For Nd =3, it has been agreed to adopt symbol-based PRB hopping, i.e. in each OFDM symbol the resource elements of the VRB pair are mapped on resource elements in one out of three allocated PRBs. The details of symbol-based PRB hopping have not yet been settled. The hopping should be such that each VRB pair is mapped on at least one and preferably several OFDM symbols in each PRB pair to achieve frequency diversity. 
Interference randomization can be obtained by mapping the VRB pairs on different PRB pairs in different cells, but there is so far no concrete proposal for this kind of cell-specific mapping and it is not clear whether it would require any extra control signalling. Interference randomization can also be obtained by specifying cell-specific mapping within the PRB pairs. In [1] it was shown that cell-specific mapping within the PRB pairs provides a significant amount of interference randomization. Additional randomization can be provided by time (i.e. sub-frame) dependence of the mapping.
In this contribution we propose a cell/sub-frame-specific mapping for Nd=3, which provides interference randomization without any signalling.
2 Structure of Symbol-Based (PRB) Hopping

In symbol-based hopping for Nd =3 a group of three VRB pairs kv, v=0,1,2 is mapped onto three PRB pairs kr, r=0,1,2. In Figure 1, an example of symbol-based hopping is shown in line with [2].
If we label the OFDM symbols within a sub-frame with index i=0,1,…,L-1, where L is the number of OFDM symbols in a sub-frame, the mapping of a VRB pair can be described by a hopping sequence s(i) with alphabet {0,1,2} where i=0,1,…,L-1. Each OFDM symbol i of the VRB pair is then mapped onto OFDM symbol i in the PRB pair ks(i)  starting in  OFDM symbol i=n, where n is the number of OFDM symbols occupied by PDCCH. 

For example, in Figure 1, three PRB hopping sequences are used to map Nd=3 VRB pairs onto 3 PRB pairs through symbol-based PRB hopping. If we use the three PRB hopping sequences from Figure 1 in all cells, then there will be strong inter-cell interference in the system and that is the reason why we need cell-specific symbol-based PRB hopping sequences. Additional randomization can be provided by time (i.e. sub-frame) dependence of the mapping.
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Figure 1 Mapping of Nd=3 VRB pairs onto 3 PRB pairs using symbol-based PRB hopping.
3 Construction of Cell/Sub-frame Specific PRB-Hopping Sequences
The set of three orthogonal cell-specific PRB-hopping sequences 
[image: image2.wmf])

(

)

,

(

i

s

j

c

v

, v=0,1,2, is obtained by cyclic frequency shifts of a cell- and sub-frame specific time-shifted version of a generic PRB-hopping sequence z(l).
The generic sequence z(l) of length Q=23 is given by 
                                            z(l) = (0,1,2,2,2,1,0,1,0,0,1,1,2,0,2,2,0,2,1,1,0,0,1).



(1)
The PRB-hopping sequence 
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 is given by 
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 = z((i+d(c,j)) mod Q)+v mod 3, i=0,1,2,…,L-1,



(2)
where i is the OFDM symbol ordinal number, c is the cell ID, and j is the sub-frame ordinal number. v is the index of the VRB pair within the group of three VRB pairs mapped onto the same set of three PRB pairs.
The generic sequence z(l)  is selected such that it guarantees that a VRB pair is mapped onto each PRB pair at least 3 times for any cyclic time shift thus achieving full frequency diversity. 
The probability distribution of the number of hits between any pair of PRB-hopping sequences obtained by two different random cyclic time shifts (d1, d2) and any pair of cyclic frequency shifts (v1,v2)  of the generic sequence z(l) is shown in Figure 2 for frame structure type 1 and normal cyclic prefix, i.e. L=14. It can be seen that the maximum number of hits between a pair of different hopping sequences is 7, i.e. far from a full hit (L-n hits), for any value of n. In other words, the inter-cell interference from a distributed transmission is limited if the hopping sequences are obtained from different cyclic time shifts d(c,j).

Since the number of cyclic time shifts of the generic sequences is only Q=23, which is much smaller than the number of cell IDs (510), constant cell-specific cyclic time shifts would require planning to achieve interference randomization. Cyclic time shift planning can be avoided by making the cell-specific cyclic time shift d also time-dependent on sub-frame basis. Thus d(c,j), c=0,1,…,509, j=0,1,…,9 is the set of 510 sequences of 10 positive integers, defined as 
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Figure 2 Probability distribution of the number of hits between two hopping sequences obtained from different cyclic time shifts and any cyclic frequency shifts of z(l) for different numbers of symbols for PDCCH, n.

 The probability distribution of the maximum number of hits over all cyclically time-shifted versions of the sequences d(c,j) for any pair of different cell IDs is shown in Figure 3.  From the Figure the largest maximum number of hits is three and with 95 % probability the maximum number of hits is at most two. 
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Figure 3  Probability distribution of the maximum number of hits between any pair of the set of sequences d(c,j) over all cyclically time-shifted versions of d(c,j).
4 Summary
It is proposed that the symbol-based hopping for Nd=3 be cell-specific. It is further proposed that the cell-specific hopping sequences are obtained as the first L symbols of a cyclic time shift of a generic hopping sequence and that the amount of cyclic shift is time-varying in a cell-specific manner. A proposal for the generic hopping sequence and cell-specific time-varying shifts is provided.
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