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1 Introduction
From RAN1#58bis, it is decided that [1]:
· UE transmission of SRS can be used for CSI estimation at multiple cells exploiting channel reciprocity.
· Enhanced SRS schemes may be considered, e.g.,:

· SRS resource management coordinated among multiple cells,

· Possibility to introduce more resources for SRS.

In order to investigate possible issues for reliable multi-cell SRS detection performance, reliability analysis is given in the paper. Furthermore, some possible solutions are proposed.
2 Use of SRS

The presence of SRS in different releases supports the following features:
· Uplink SU/MU-MIMO & CoMP support: to obtain uplink wideband channel state information (CSI)
· Downlink SU/MU-MIMO & CoMP support:

· Using SRS is reliable way to obtain downlink wideband CSI for TDD system (utilizing uplink/downlink channel reciprocity) [2]
· Using SRS is an effective way for FDD system to obtain downlink channel related information
See these features exemplified in Fig. 1 below.
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Fig. 1 Features of Rel.10 where the use of SRS is beneficial
3 Multi-cell SRS reliability issue
Fig. 2 gives out an example for multi-cell SRS detection, where a CoMP UE is served by Cell 1 (the serving cell) and Cell 2 (the cooperative point). 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.
The difference between serving cell and neighbor cell SRS detection performance is due to cell-specific design for SRS sequences. The analyses into the cross-correlation between SRS sequences from different groups and the link-level simulation results for the MSE of SRS detection are given in detail in Appendix A. 
It can be concluded that
· Following the Rel.8 SRS design, the cross-correlation between two SRS sequences from different groups is high, which incurs high interference when the cooperative point detects a CoMP UE’s SRS.
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Fig. 2 SRS transmission in a multi-cell SRS detection scenario
4 Possible solutions

To solve the issue, the following solutions are possible:
· TDM/FDM between CoMP UEs and non-CoMP UEs with SRS scheduling information coordination [3,4].
This solution can enable the cooperative points to set a CoMP UE-specific resource in time/frequency domain and avoid SRS of a CoMP UE being interfered by data or SRS in the cooperative points. However, this method requires that the neighbor cells do not transmit UL traffic and results in resource waste in neighbor cells. Thus it’s not an efficient method with this regard.
· Allocate UE-/cluster-specific sequence shift pattern for CoMP UEs within the CoMP cluster.
This solution introduces a UE-/cluster-specific sequence shift pattern, so that the CoMP UEs in a cell cluster can adopt the same sequence group but different CSs for orthogonality (similar with the sequence shift pattern 
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 for PUSCH DM RS[5]). Hence, it can enable the same SRS bandwidth to be allocated to UEs from different cells (with different CSs for orthogonality), so that the cooperative points can detect SRS of CoMP UEs from other cells without interference from the cooperative points. This solution could have better resource efficiency.
5 Conclusion
SRS is important for Rel.10 for CSI measurement to support both uplink and downlink SU/MU-MIMO and CoMP transmission/reception by exploiting channel reciprocity. However, the detection performance of SRS from CoMP UEs is poor at cooperative points due to cross-correlation between SRS sequences from different cells. The potential SRS enhancements for CSI estimation at multiple cells include:

· Option1: TDM/FDM between CoMP UEs and non-CoMP UEs with SRS scheduling information coordination, and
· Option2: Allocate UE-/cluster-specific sequence shift pattern for CoMP UEs within the CoMP cluster. 
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Appendix A. Analysis into SRS reliability
Fig. 3 shows the maximum cross-correlation between SRS sequences from any two groups with 4 PRBs. 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, CS, sequence lengths, and overlapping in frequency are considered in the cross-correlation statistic. 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 PRBs), the detection performance for the CoMP UE is poor between different sequences.
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Fig. 3 Maximum cross-correlation for SRS sequences from any two groups with 4 PRBs
Fig. 4 SRS cross-correlation CDF between 4, 8, and 12 PRB sequences in different sequence groups

In order to investigate the performance for cooperative points to detect a CoMP UE’s SRS (i.e. Cell 2 detects CoMP UE and UE1~4’s SRS simultaneously as shown in Fig. 2), link level simulation is carried out. The parameters can be found in Table 1.
Table 1 Link-level simulation parameters

	Parameter
	Assumption

	System bandwidth
	5MHz

	Wideband SRS bandwidth
	24 PRBs

	SRS bandwidth
	4 PRBs (corresponding to 
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 [6])

	Frequency hopping
	Yes

	Group hopping
	Yes

	Channel model
	Typical urban [7]

	Channel estimation algorithm
	LS

	Antenna configuration
	1x1


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). 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.

It can be observed, 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.
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(a) PCoMP UE : PUE1~4=1:1






(b) PCoMP UE : PUE1~4=1:2

Fig. 5 Simulation results for the scenario given in Fig. 2
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