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1.
Introduction
LTE-Advanced is required to provide considerable improvements over Release 8 LTE in cell edge user throughput as well as in average spectral efficiency. Single user uplink MIMO is one of key techniques to meet the requirements, and an essential part of UL SU-MIMO is closed loop precoding. On other hand, channel state information needed for the closed loop precoding (other than long-term precoding) can be obtained only through SRS measurements. In other words, performance of precoded UL SU-MIMO will largely depend on the performance of SRS based channel sounding. In this contibution, we outline potential limiting factors for SRS performance and promote further studies on SRS performance as well on potential improvements on UL channel sounding.  
2.
On SRS limitations
The use of SRS for closed loop precoding and frequency domain packet scheduling (FDPS) requires that each of transmit antennas transmits SRS with a period shorter than channel coherence time and at bandwidth significantly larger than channel coherence bandwidth. This together with semi-static configuration of SRS will cause significant increase in SRS usage in the event that a considerable share of LTE-A terminals are  SU-MIMO UEs.

On other hand, available SRS resources are limited to a single SC-FDMA symbol per subframe. Thus, the increased SRS usage will easily lead to:

· Channel sounding period is forced to be increased. This will limit the useful velocity range for FDPS and (short-term) closed loop precoding. 

· Level of inter-cell interference is increased for SRS in case of synchronized cells due to CDM of SRS. This will degrade the accuracy of SRS based channel sounding.  
In other words, performance of SRS based channel sounding may become a limiting bottleneck for the widespread UL SU-MIMO usage.  

A very simplified illustration on channel sounding period is presented in Figure 1. System bandwidth of 20 MHz and SRS bandwidth of 3.6 MHz, i.e., rather modest SRS BW, are assumed in the figure. For each PRB, 6 SRS transmissions are multiplexed, and PUCCH is assumed to take at least 6% of UL resources. Nevertheless, the impact of multiple transmit antennas on the average SRS period can be seen.
3. Discussion and Conclusions 
In this contribution, we pointed out the potential limitations of SRS based channel sounding emerging with increasing penetration of SU-MIMO terminals. We see that SRS based sounding may become a limiting factor for the UL SU-MIMO operation and, thus, see need for further studies on SRS performance and on potential improvements on UL channel sounding. In the next meeting, we will continue the discussion by providing performance results on SRS based channel sounding. 
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Figure 1.  Average SRS period as function of number of UEs for different number of transmit antennas.





























































































