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1. Introduction
In RAN1 meeting #80, the following conclusions were reached regarding SRS enhancements for EBF/FD-MIMO:
· Potential TDD enhancements for EBF/FD-MIMO:

· SRS enhancements

· Increase number of combs

· Extend SRS to more resources (e.g. DMRS or PUSCH resources)

· Precoded SRS

· 4Tx antenna switching

· CSI feedback without PMI

· CQI based on beamformed CSI-RS

· RI feedback

· Other enhancements are not precluded. 
In this contribution, we discuss the SRS enhancements for EBF/FD-MIMO in Rel-13 based on this conclusion.
2. Discussion 
2.1 Requirement for the Multiplexing Capacity of SRS
In LTE Rel-8, as UL SU-MIMO is not supported, at most 16 SRSs with maximum SRS bandwidth can be multiplexed in each uplink sub-frame thanks to two transmission combs and eight usable cyclic shifts. While in Rel-10 LTE-A, due to SU-MIMO, each UE may be configured with multiple antennas, therefore the number of supportable UEs with SRS transmission in one subframe is decreased. For example, only four UEs would be supported in one uplink sub-frame when each of them is configured with four antennas and maximum SRS bandwidth, as four SRS resources are required for each UE. 

To provide additional SRS scheduling flexibility and potentially improve the SRS resource utilization, aperiodic SRS was introduced in Rel-10. However, since aperiodic SRS shares resources with periodic SRS, the total cell specific physical SRS resource is still the same as in Rel-8. As a result, it seems difficult to achieve timely on demand aperiodic SRS scheduling, considering the potential collision between aperiodic and periodic SRS and the signalling flexibility. 

In Rel-11, to obtain reliable SRS-based channel estimates in UL CoMP, it is beneficial to coordinate SRS scheduling among multiple cells. Orthogonal SRS among multiple cells can be achieved by the coordination of orthogonal codes sequence, time and frequency resource. It means that one CoMP UE may occupy certain SRS resources of multiple cells. As a result, SRS resource will become much scarcer than that in Rel-10. Hence, SRS capacity enhancement is still desirable. 

In Rel-13, as more users will be scheduled by eNodeB under the deployment of FD-MIMO.  SRS would be used not only for UL channel state estimation but also for DL CSI estimation when channel reciprocity is applied, requirement on SRS capacity would become higher. The SRS capacity shortage could be alleviated by some solutions, such as increasing the code sequence and comb, or sounding based on non-precoded DMRS.
2.2 SRS comb extension
SRS comb extension, i.e. comb=4, can be considered as an SRS capacity enhancement scheme, and the total number of cyclic shift should be consequently extended to 12 to ensure the shift is an integer number of samples. Comb extension is not only able to increase the SRS capacity in both code domain and frequency domain but also can facilitate the multiple cell SRS coordination. Configurable comb can reuse the Rel-8 sounding procedure to most extent and the backward compatibility can be maintained by eNB scheduling. Introduction of comb=4 can affect the accuracy of SRS based CQI estimation.  On the other hand, with higher SRS capacity, there is less chance to have inter-cell SRS interference.  Also, if SRS resources are not enough, SRS periodicity of each UE has to be lower.  Higher SRS capacity can potentially decrease the CSI latency.   It would be beneficial for the network to obtain more MU gain especially when the network is highly loaded.
2.3 Sounding based on non-precoded DMRS
Sounding based on non-precoded DMRS was discussed in [1]. DMRS based SRS increases the total multiplexing capacity for UL channel sounding.   This may also reduce the SRS inter-cell interference.  However, performance evaluation is needed to analyse the performance loss on channel estimation, and also the signalling should be carefully designed to keep the overhead low. 
2.4  4Tx antenna switching
Most of the current commercial UEs support only 1Tx2Rx or 1Tx4Rx.   It is expected to take some time for UEs to support 2Tx or  4Tx in the near future.  Standardization can be considered ahead to support these UEs.  Supporting 4Tx antenna switching will allow these UEs to let the eNB acquire the full channel information.
3. Conclusion
In this contribution, we discussed the potential SRS enhancements for Rel-13. From the above discussion, we propose that:

· SRS comb extension should be considered to increase the SRS capacity
· 4Tx antenna switching of SRS transmission is beneficial for the backward compatibility of UE
4. Reference
[1]  R1-101438, “Channel sounding enhancements for LTE-Advanced uplink”, NSN
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