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1 Introduction
In RAN1#80 meeting a way forward on TDD related enhancement for FD-MIMO was discussed and following conclusions were drawn.  
Conclusion:

Companies are encouraged to consider R1-150829 for evaluation of potential TDD enhancements
· 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 the contribution we discuss the potential SRS enhancement for TDD system . 
2 Discussion

Periodic SRS was introduced in Rel-8, and the resource for SRS transmission can be counted as 2 UpPTS symbols (in case of TDD),1 SC-FDMA symbol in uplink subframes, 2 RPFs and  up to 8 CSs. Aperiodic SRS was introduced in Rel-10. With most TDD UL/DL configurations, there are much more DL subframes than UL subframes, so the available SRS resources is very limited. In Rel-10/11, the SRS resources are already insufficient and hard to meet the requirement of UL MIMO and CoMP. In FD-MIMO, it is expected that much more UEs would be scheduled and multiplexed in reciprocity based DL transmission and the demand for SRS resources can be expected to grow. Therefore, it is necessary to study SRS enhancement for FD-MIMO, and the potential enhancements are discussed in this seciton.
Extended comb and CS 

In LTE Rel-12, RPF=2 is defined meaning that SRS of two FDMed users with same cyclic shift can multiplexed in the same bandwidth. If the comb size is extended, for example to 4, then the more SRS can be multiplexed within the same bandwidth. Backward compatibility has been analyzed in [3] for co-existence of legacy UEs and the UEs supporting extended comb. To ensure integral sampling distance between CSs with current SRS bandwidth configurations and hopping method in Rel-12, the number of usable CSs should be modified to 6/12 for RPF=4. Even with6 CSs, the SRS capacity can still be improved by 50%. The time domain distance between CSs will be halved compared to Rel-12 if comb is extended to 4. However, as the primary power is distributed in the first several paths, even if the time domain distance between CSs is slightly smaller than the delay spread of channel, there will not be very significant sounding error. 
SRS over PUSCH
In this scheme SRS is transmitted on PUSCH, multiplexed with DMRS, using the parameters of DMRS. It allows the scheduling of SRS in any UL subframe with PUSCH, and will not introduce additional interference or collision. However, the sounding BW of this type of SRS is limited to the BW of PUSCH which limits the frequency-selective sounding. If different OCC is configured to UL DMRS, the interference due to the multiplexing of DMRS and SRS will be reduced. However, it is still difficult for SRS of one UE to be multiplexed with other UEs’ DMRS. Additional signaling is needed in DCI for scheduling of PUSCH without data transmission and signaling overhead will increase significantly.

Precoded SRS

In TDD, channel reciprocity based downlink transmission relies on measurement of SRS transmitted by UEs to obtain the beamforming matrix. The eNB calculated the beamforming matrix by EVD decomposition of the uplink channel covariance matrix, so it is important that the eNB can obtain the realistic uplink channel of the UEs. With precoded SRS, the measured uplink channel is already beamformed, thus the SVD decomposition of channel covariance matrix will not result into the best beamforming matrix for downlink transmission.   
4Tx antenna switching
As the devices become powerful, more UEs are equipped with multiple antennas. There is ongoing discussion on 4 receiving antennas at UE in RAN4. If UE can use 4 antennas for receiving, it also  necessary for UE to support 4Tx antenna switching to transmit SRS so that full UL CSI can be obtained at the eNB side. With 4Tx UL CSI eNB can schedule higher rank to the UE and perform precise beamforming, thus channel reciprocity based downlink transmission can achieve higher spectrum efficiency.  
3 Conclusions

In this contribution we discussed potential SRS enhancement for TDD system in the new context of FD-MIMO. The impact on specification is minimal for the extended comb. The extended comb can be used for the UEs in the scenarios where the channel condition is favorable, and for those UEs which are not in favorable channel condition RPF=2 can be used flexibly. And 4Tx antenna switching can be considered for SRS transmission.
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