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1 Introduction
Uplink CoMP can benefit system in that multiple cells can help detecting uplink signals. In order to enable eNodeB to make reasonable scheduling, uplink channel information should be available at both serving and cooperative cells. Moreover, it is also important to estimate propagation delay from UE to cooperative cells, so as to solve the delay spread issue in uplink CoMP [1]. These issues make SRS of great importance.

In a CoMP system, CoMP UE has to suffer interference during transmission to cooperative cells in uplink [2][3]. The interference is much higher for SRS since there can be multiple interferers within the SRS bandwidth. This contribution takes analysis into interference on SRS for CoMP.

2 Interference analysis on SRS for CoMP
2.1 SRS transmission for CoMP

Fig. 1 gives out an example for uplink CoMP, where UE1 is served by cell1 and cell2 in the uplink. The sounding performance for the UE1(cell1 channel is acceptable since the other UEs in cell1 adopts orthogonal SRS to UE1’s SRS. However, the sounding performance for the UE1(cell2 channel is degraded by strong interference, because the SRS sequences for UE1 and other interfering UEs may have high cross-correlation caused by different sequence groups, different sequence lengths, or overlap partially in frequency, as interpreted from Fig. 2. The difference is due to cell-specific design for SRS sequences.
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Fig. 1 Uplink CoMP transmission
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Fig. 2 Reasons for high cross-correlation between SRS sequences

2.2 Cross-correlation between SRS sequences

The cross-correlation between two sequences is calculated by
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where {a1, a2, …, aN} and {b1, b2, …, bN} are the overlapping part of two sequences, respectively; and N is the length of SRS sequence.

Fig. 3 shows the maximum cross-correlation between SRS sequences from two groups with 4 PRB for all groups. The values are about 0.4 for SRS sequences from different groups. Fig. 4 gives out CDFs for cross-correlations between SRS sequences from different groups. The combinations with sequence groups, cyclic shifts, sequence lengths, and overlapping in frequency are considered in the cross-correlation calculations. The cross-correlations between two sequences are mostly larger than 0.1, and the values are larger for SRS with less PRBs than that with more PRBs. Consequently, when there are multiple interferers for the CoMP UE (at most 8 for the same PRB), the detection performance for the CoMP UE is poor due to non-orthogonality between different sequences. It can be concluded:

· Following the R8 SRS design, the cross-correlation between two SRS sequences from different groups is high. 
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Fig. 3 Maximum cross-correlation for SRS sequences from two groups for 4 PRB
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Fig. 4 SRS cross-correlation CDF between 4, 8 and 12 PRB sequences in different sequence groups
3 Proposal
According to the analysis above, we can conclude that it is risky to obtain uplink channel information of all cooperative cells with SRS only associated to cell ID of the serving cell in a CoMP system.

In order to solve the issue above, we can adopt a new SRS sequence design for CoMP UEs. However, the solution disobeys backward compatibility, and it has to be designed carefully to guarantee the orthogonality between CoMP UEs and LTE UEs. Consequently, it is proposed:

· To coordinate the SRS resources for CoMP UE between the serving cell and the cooperative cells

4 Conclusion
In uplink CoMP, SRS acts an important role to enable the scheduler to obtain uplink channel information from CoMP UE to cooperative cells. However, SRS has to suffer high interference, which is caused by non-orthogonality between sequences with different groups, lengths or overlapping. To guarantee acceptable estimation performance for SRS, it is proposed to coordinate the SRS resources for CoMP UE between the serving cell and the cooperative cells.
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