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1 Introduction
Uplink CoMP can benefit system in that multiple cells can help detecting uplink signals. In order to enable an 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 a CoMP UE to cooperative cells, so as to solve the delay spread issue in uplink CoMP [1]. For a TDD system, uplink / downlink reciprocity can be realized with the information, so that downlink Beamforming can be easily implemented. These issues make SRS of great importance.

In a CoMP system, a 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 many interferers within a certain SRS bandwidth. This contribution takes analysis into interference on SRS for uplink CoMP.

2 SRS transmission issue for CoMP

Fig. 1 gives out an example for uplink CoMP, where a CoMP UE is served by Cell 1 (the serving cell) and Cell 2 (the cooperative point) in uplink. The detection performance of SRS for the CoMP UE(Cell 1 channel is acceptable since the other UEs in Cell 1 adopts SRS sequences orthogonal to that of the CoMP UE’s SRS. However, the detection performance of SRS for the CoMP UE(Cell 2 channel is degraded by strong interference, because the SRS sequences for the CoMP UE and the 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.
[image: image1.png]—* Signal
---------- »Interference




Fig. 1 Uplink CoMP transmission
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Fig. 2 Reasons for high cross-correlation between SRS sequences

3 Interference analysis on SRS for CoMP
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 in the overlapping part.

Fig. 3 shows the maximum cross-correlation between SRS sequences from any two groups with 4 PRB. The values are about 0.4 for different groups. Fig. 4 gives out cumulative density functions (CDF) for cross-correlations between SRS sequences from different groups. The combinations with sequence groups, cyclic shifts (CS), 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 small number of PRBs than that with large number of 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 between different sequences. It can be concluded:

· Following the R8 SRS design, the cross-correlation between two SRS sequences from different groups is high, which incurs high interference when the cooperative cell detects a CoMP UE’s SRS.
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Fig. 3 Maximum cross-correlation for SRS sequences from any two groups with 4 PRB
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Fig. 4 SRS cross-correlation CDF between 4, 8, and 12 PRB sequences in different sequence groups
4 Link level simulation

In order to investigate the performance for cooperative cells to detect a CoMP UE’s SRS (i.e. Cell 2 detects CoMP UE and UE1~4’s SRS simultaneously as shown in Fig. 1), link level simulation is carried out.
The system bandwidth is 5MHz. The wideband SRS bandwidth is 24 PRBs, and SRS bandwidth is 4PRB for each transmission (corresponding to 
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 [4]; note that 4PRB is usually adopted by cell edge UEs due to power limitation). Frequency hopping and group hopping are both considered. The ratio of transmit powers of CoMP UE and that of UE1~4 (PCoMP UE : PUE1~4) is 1:1 and 1:2 (in amplitude). Typical urban (TU) channel model is adopted in the simulation [5]. Since the delay spread is 5µs, maximum 4 UEs in a cell can transmit SRS in the same bandwidth with different CSs, i.e. CS=0, 2, 4, 6, respectively. For simplicity, SRS from the CoMP UE has the same SRS bandwidth with that from UE1~4. The simulation results are shown in Fig. 5, where mean square error (MSE) performance for channel estimation with SRS is shown. Note that the different performance for UE1~4 is due to different cross-correlation between UE1~4’s SRS sequences and CoMP UE’s SRS sequence.
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(a) PCoMP UE : PUE1~4=1:1






(b) PCoMP UE : PUE1~4=1:2
Fig. 5 Simulation results

Due to the existence of interference from UE1~4, MSE for CoMP UE’s channel estimation is higher than 0.7. When power control command makes CoMP UE’s transmit power to reduce, the MSE achieve higher than 1. From the simulation results, it can be concluded:

· When a CoMP UE transmits SRS to its cooperative cell, the detection performance is unacceptable due to the cross-correlation between CoMP UE’s SRS sequence and the SRS sequences of other UEs in the cooperative cell.
5 Proposal
According to the analysis above, it can be concluded 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, a new SRS sequence design can be adopted for CoMP UEs. However, the solution disobeys backward compatibility required by LTE-Advanced, 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 a CoMP UE between the serving cell and the cooperative cells

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

[1] Huawei, “System modeling and performance evaluation for uplink CoMP considering delay spread issue,” R1-091798, TSG RAN WG1#57, San Francisco, CA USA, May 3-8, 2009
[2] Huawei, “Considerations on the Uplink Reference Signal for CoMP,” R1-091267, TSG RAN WG1#56b, Seoul, Korea, March 23-27, 2009
[3] Nokia Siemens Networks, Nokia, “Uplink DM RS from CoMP viewpoint,” R1-091760, TSG RAN WG1#57, San Francisco, USA, 4-8 May 2009
[4] 3GPP TS 36.211 v8.7.0 (2009-05), “Evolved Universal Terrestrial Radio Access (E-UTRA); Physical Channels and Modulation”
[5] 3GPP TS 45.005 V8.1.0 (2008-05), “Radio transmission and reception”




















































































































































































































































































































































































































































































































































_1306325250.unknown

_1311169209.unknown

