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1 Introduction

Four different proposals for cell-specific resource block (RB) mapping for Nd=3 were submitted to the last RAN1 (#51) meeting [1]-[4]. After off-line discussions during the meeting a harmonized proposal [5] was presented, based on the proposals [1]-[3]. The proposals [1]-[3] and [5] share the property that no specific signaling is needed for the cell-specific mapping.
In the e-mail discussion following the meeting there was a request to show the benefit of the harmonized proposal compared to the individual proposals. In this contribution, we evaluate the interference properties of the harmonized proposal and compare with the individual proposals [1]-[3].

2 Harmonized Proposal for Cell-Specific RB Mapping
The harmonized proposal for cell-specific RB mapping is presented in [5], and can be also found in the Appendix. It offers extensive randomization of the interference between the orthogonal sets of three mapping functions in different cells, through two mechanisms:

- through cell-specific orthogonal sets, 
  obtained by cell-specific permutations of cyclic-frequency shifted versions of a generic sequence, and 

- through subframe-specific cyclic-time shifts,

  which are controlled by a cell-specific pseudo-random generator, implemented as the Knuth shuffle.

Since the mapping only depends on the cell ID and the subframe number, the UE, as long as it resides in a cell, only needs to calculate a single cell-specific permutation and a set of ten cyclic shifts, which results in very low complexity.
3 Interference Properties 
In Figure 1, the distribution of the average number of hits in a frame between the RB mappings in any pair of cells and for any time-offset is shown. The number of hits in a sub-frame is averaged over one frame for every combination of two distinct cell IDs, time offsets between the two observed cells (multiples of the sub-frame duration) and different cyclic frequency shifts of PRB-hopping sequences. 
It can be seen in the Figure that the harmonized solution provides up to 6 hits between any two RB mapping patterns in different cells. Hence, there is a substantial improvement of the interference properties of the harmonized proposal compared to the individual proposals.
4 Conclusion

The interference properties of the harmonized proposal in [5] are considerably better than for the individual proposals and therefore motivate the few extra steps of calculating the cell-specific mapping according to the harmonized proposal.
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Figure 1 Cumulative distribution function of the average number of hits in a subframe between any two RB mappings in different cells.
Appendix: Harmonized proposal for cell-specific RB mapping
In the cell with cell ID ’c’, with ’n’ OFDM symbols in a subframe occupied by PDCCH, each OFDM symbol ’i+1’, i = n-1, n,...,12,, in the VRB pair k[v], v=0,1,2, is mapped into OFDM symbol ’i+1’ in the PRB pair k[sv(i)], where sv(i) is the PRB-hopping sequence defined as 


sv(i) = s0(i)+v  mod 3,          
i = n-1, n,...,12, 
 


s0(i) = zc[i +dc(j) mod 13], 
j=0,1,...,9,  

where ’j’ is subframe index,


zc(k)= g1(g2(k)) mod 3, g1(k)=z(k+p1 mod 13), g2(k)=z(k+p2 mod 13), 



z=4, 0, 3, 12, 2, 9, 6, 8, 11, 1, 5, 10, 7,



p1=floor(c/13) mod 13,  p2=c mod 13, k=0,1,...12.

dc is a cell-specific permutation of numbers {0,...,12} obtained by the Knuth shuffle [3].  
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