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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.

SRS issue related to capacity is introduced in [2]. 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 channel state information (CSI)
· Downlink SU/MU-MIMO & CoMP support:

· Using SRS is reliable way to obtain downlink CSI for TDD system (utilizing uplink/downlink channel reciprocity) [3,4]
· Using SRS is an effective way for FDD system to obtain downlink channel statistic related information
See these features exemplified in Fig. 1 below.

[image: image1.jpg]



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 neighbour 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 [5]. 
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 multi-cell SRS detection scenario
4 Possible solutions
In order to better detect the inter-cell SRS information, it is possible to adopt some more advanced detector with better interference cancellation performance at eNB side. The increased complexity and detection performance may need more investigation.
Besides, to solve the issue considering backward compatibility, the following solution is possible:
· TDM/FDM between CoMP UEs and non-CoMP UEs with SRS scheduling information coordination [3,4,5].

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. This method could be implemented by eNB scheduling and has no standard impact. However, it requires that the neighbor cells do not transmit UL traffic and results in resource waste in neighbor cells. Thus it’s not very efficient with this regard, especially if considering the increased SRS capacity demand in LTE-A. 
To increase the resource utilization, further enhancement is proposed on top of the above method:
· In T/FDM region, allocate cluster-specific sequence shift patterns for CoMP UEs within the CoMP cell cluster.[3,4,5]
The current SRS sequence shift pattern is defined in a cell-specific manner. The proposed solution further introduces cluster-specific sequence shift patterns in the T/FDM region, so that the CoMP UEs in a CoMP cell cluster can adopt the same sequence group but different CSs for orthogonality (similar with the sequence shift pattern 
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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 corresponding points. Besides, if there are few CoMP UEs in the CoMP cluster, the eNB could allocate the specific sequence shift pattern to the other R10 UEs to pair with the CoMP UE as well. This enhancement would require minor standardization effort, but could increase the resource ultilization efficiency and scheduling flexibility.
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:

· Adopt more advanced detector with better interference cancellation performance at eNB side.
· TDM/FDM between CoMP UEs and non-CoMP UEs with SRS scheduling information coordination
The above two methods have no standard impact, at the cost of possible increased complexity or resource utilization efficiency. On top of option2, further enhancement is:
· In T/FDM region, allocate cluster-specific sequence shift patterns for CoMP UEs within the CoMP cell cluster. 
This method could improve the resource utilization efficiency, and require some standard effort.
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