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1. Introduction

The approved WID [1] includes enhancement related to SRS, and identified approaches for the method to transmit SRS are captured in TR36.897 [2]:
-
Transmitting SRS on unused PUSCH DMRS resources
-
Transmitting SRS on PUSCH resources 
-
Increasing the number of SRS combs
-
4Tx antenna switching for SRS transmission
-
Precoded SRS
-
Increasing the number of UpPTs SC-FDMA symbols utilized for SRS transmission
In this contribution, we discuss various approaches for SRS capacity enhancement including the above identified issues.
2. Discussion on SRS enhancements
In the study item of EBF/FD-MIMO, issues on the SRS enhancement are raised. In TDD system, SRS is typically used for measuring downlink channel from uplink channel based on channel reciprocity. Gathering such measurements of downlink channel, eNB would determine precoding for each UE, and decide UEs to be scheduled for downlink transmission. If resources for SRS transmission are larger, eNB can consider increased number of candidate UEs to be scheduled with less channel aging effects for downlink transmission. However, it may be needed to carefully investigate how much such an effect has impacts on the performance. In addition, considering that the number of transmit antennas is still not changed for uplink transmission, it is basically questionable on whether SRS capacity has to be increased at the expense of large specification efforts. 
In the following, we discuss several features of various approaches for the SRS enhancements including the indentified approaches captured in TR36.897 [2].
· Transmitting SRS on unused PUSCH DMRS resources
The SRS capacity can be increased by using unused PUSCH DMRS resources, which can be multiplexed with other PUSCH DMRS, via different CSs and OCC on the same resource block. The method may be more proper for aperiodic SRS than periodic approach, because it is not easy to select unused PUSCH DMRS resources by using different CS for the considered SRS bandwidth, which is even more difficult when SRS hopping is considered.
On the one hand, such a method can have disadvantage that DCI field is wasted for the UEs to transmit only SRS without PUSCH scheduling [3][4]. Also, since PUSCH DMRS is multiplexed with SRS, it can affect the performance degradation of the PUSCH DMRS. If this solution is to be pursued, careful considerations on the above mentioned issues are required.
· Transmitting SRS on PUSCH resources
Transmitting SRS on PUSCH resources can increase SRS resources. Then, the method can have two alternatives: one is to configure particular subframes on which only SRS transmissions occur without PUSCH transmissions, and the other is to allow some OFDM symbols within a subframe are used for SRS transmissions while other remaining OFDM symbols in the subframe are used for PUSCH transmissions. The latter approach is more flexible than the former one. However, for the latter case, as rate matching is required for the used OFDM symbols for SRS, there is some impact on scheduling legacy UEs [4]. For the former case, PUSCH resources can be wasted, since PUSCH cannot be transmitted at all on those particular subframes on which SRS can only be transmitted.
In terms of controlling which OFDM symbol is to be used for a specific UE to transmit SRS, both of semi-static and dynamic approaches can be possible. While dynamic approaches have more flexibility than semi-static approach in terms of scheduling SRS resources on PUSCH region, it increases DCI overhead to control such SRS transmissions. These impacts are to be carefully studied for this approach.
· Increasing the number of SRS combs or CS

Increasing the number of SRS combs or CS can also increase SRS resources. However, more number of SRS combs or CS can degrade the estimation performance of SRS, depending on delay spread [5]. In addition, increasing number of SRS combs may be sensitive to the frequency selective channel [4]. Therefore, those issues are required to be thoroughly investigated.
· Precoded SRS
The considerable advantages of precoded SRS are to reduce SRS overhead, improve coverage of SRS, and also mitigate interferences caused by SRS of neighboring cell [6]. However, for this method, it is unclear how frequently the precoding coefficients need to be calculated for precoded SRS. If it is a short period, it means that UE does not need to transmit precoded SRS, since such short term channel information is assumed to be already known to eNB. In this regard, for the method, it may be appropriate to calculate such precoding with relatively a long term period for the precoded SRS. For that purpose, eNB may configure UE to transmit additional SRS with a long term period. Then, based on the precoding information provided by eNB, UE can transmit precoded SRS with a short term period. 
However, there may be an unclear benefit of this approach, in that such a precoding is roughly calculated at a long period. By employing it in the precoded SRS, it reduces receive dimension of channel matrix between eNB and UE. Then, beamforming matrix of downlink transmission calculated based on the precoded SRS can be a rough solution, since the already applied precoding on the precoded SRS is based on the long-term estimated matrix [3].
· Increasing the number of UpPTS SC-FDMA symbols utilized for SRS transmission
According to TDD configurations, there is one or two number of UpPTS SC-FDMA symbols. If we follow to transmit SRS on more numbers of SC-FDMA symbols during UpPTS, such UpPTS duration has to be increased in a special subframe, so that GP duration is in turn to be reduced. While the approach can be available to UEs with short propagation delay, e.g. pico-cell UEs, UEs with long propagation delay (e.g. edge UEs of macro-cell) suffer from collision between DwPTS reception and UpPTS transmission. Therefore, it is desired to investigate a proper solution on how to deal with such an edge UE issue.
· VCID for SRS sequences

One alternative approach for SRS enhancements is to configure virtual cell-ID for SRS sequence generations. In the current specification, only serving cell-ID is available to generate SRS sequences. If allowing VCID used for SRS sequence generation, more opportunity of additional SRS transmissions can be obtained at the expense of orthogonality between sequences. Note that downlink DMRS also allows VCID for its sequence to afford more DMRS resources in code domain. Thus, this alternative approach may be a plausible solution for SRS capacity enhancement with less specification efforts.
3. Conclusion
In this contribution, we discussed several features of approaches for SRS enhancements described in TR36.897. Based on the discussion, it is desired to carefully investigate identified pros and cons of approaches for SRS enhancements.
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