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1.
Introduction
LTE-Advanced is required to provide considerable improvements over LTE Rel-8 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. 
Besides the SU-MIMO, CoMP is another technique may potentially require enhanced channel sounding. It was agreed in RAN#58bis that UE transmission of SRS can be used for CSI estimation at multiple cells exploiting channel reciprocity [1]. It was also agreed to consider enhanced SRS schemes in LTE-Advanced. 

In this contribution, we outline potential limiting factors for SRS performance/usability as well potential directions for optimizing the uplink channel sounding to meet the requirements of LTE-Advanced. We also consider alternative ways for channel sounding complementing the SRS based 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 is SU-MIMO UEs.

On other hand, available SRS resources are limited to a single SC-FDMA symbol per normal subframe or two symbols from UpPTS. 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. [2] shows that performance gain of SRS based closed-loop precoding depends heavily on the SRS accuracy. 
In other words, performance of SRS based channel sounding may become a limiting bottleneck for the widespread UL SU-MIMO usage. The same applies to other LTE-Advanced features relying on accurate CSI measured from SRS. These techniques include CoMP and MU-MIMO.
3. Potential channel sounding enhancements
In this section we discuss potential SRS enhancement techniques for LTE-Advanced.
Scheduled (aperiodic) SRS

We consider scheduled SRS as a solution for maximizing the SRS capacity and minimizing the SRS overhead. It has already been proposed to allow dynamic physical-layer activation/de-activation of SRS transmission from multiple antennas/CCs to allow timely response to the changing channel and traffic conditions [3]. In order to minimize the overhead, the SRS enhancements need to work on top of existing SRS resources. In the following we consider the scheduled SRS operation in more details:

· The SRS parameters for scheduled SRS are configured via higher layer signalling. There can be separate SRS resources reserved for periodic and scheduled SRS within the existing SRS resources.
· Scheduled SRS can be triggered using SRS-indicator included in UL grant. Additionally, it is possible to define a new PDCCH format (e.g., similar to PDCCH Format 3A) for triggering the scheduled SRS for many UEs at the same time without the need for scheduling the PUSCH.

· Scheduled SRS is “one-shot” allocation/transmission by nature. This is feasible choice in order to mitigate problems caused by possible failure of dynamic SRS scheduling grant.
· Scheduled SRS temporarily overrides the periodic SRS configuration in the case periodic and aperiodic SRS collide during the same SRS-symbol.

As noted in [3] there are lot of similarities between the periodic/scheduled SRS and (Rel-8) periodic/aperiodic CQI reporting on PUSCH. The basic gain mechanism of scheduled SRS is that it enables to increase the SRS accuracy for those UEs (to be) scheduled to transmit data on PUSCH. 
Non-precoded DM RS with SU-MIMO

It is stated in TR 36.814 that precoding applied for the DM RS is the same as the one applied for the PUSCH. Precoded DM RS clearly maximizes the closed loop precoding performance with an assumption that accurate antenna-specific channel state information obtained through SRS measurements is available. 

As mentioned, performance of SRS-based closed-loop precoding depends heavily on the SRS accuracy. Clearly, in the cases when SRS with sufficient quality is not available, e.g., due to inter-cell interference, it would be beneficial to enable channel sounding from the DM RS i.e., to have a sounding method that is alternative to SRS. Furthermore, in many cases sounding quality obtained from DM RS can be better than that obtained from SRS. 

To summarize, it is important to have a sounding method that is complementary to SRS. Firstly, it increases the total multiplexing capacity for UL channel sounding, which will be a bottleneck at least in some SU-MIMO scenarios. Secondly, when the capacity is not limiting factor, it allows for SRS inter-cell interference reduction, thus, improving sounding quality also for UEs using SRS.  
PUCCH sounding
It has been discussed, e.g., in [4], that all the available non-precoded uplink signals can be used for channel sounding i.e., it is not necessary to configure SRS for slow closed-loop precoding. We note that PUCCH can provide sufficient channel sounding solution especially in the case when only the long-tem channel statistics are applied for closed-loop precoding. PUCCH is equally applicable in the case of SU-MIMO and CoMP.
It has been agreed to apply SORTD as Tx diversity scheme for PUCCH. In the case of SORTD with 2-Tx antennas, antenna-specific (reference) signal is available whereas with 4-Tx antennas antenna-specific signal is not automatically available. 

Multiple SRS configurations

It is clear that many LTE-Advanced features require multiple SRS configurations
· In order to minimize the sounding delay, it is clear that concurrent transmission of SRS via multiple Tx antennas needs to be supported ( consider possibility for having Tx-antenna specific SRS configuration.
· Multiple CCs in UL ( consider possibility for having UL CC-specific SRS configuration.
· Periodic SRS and Scheduled SRS require their own SRS configuration.
We propose that LTE-Advanced should support multiple parallel SRS configurations.

4. Summary and conclusions
In this contribution, we pointed out the potential limitations of SRS based channel sounding emerging with increasing usage of SRS-based sounding. We propose that the following methods need to be considered and included in TR 36.814 as techniques for improving the channel sounding in UL:
1. Support for scheduled SRS
2. Support for non-precoded DM RS with SU-MIMO
3. Support for channel sounding from PUCCH
4. Support for Multiple SRS configurations.
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