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1 Introduction  
The potential SRS enhancement schemes for capacity and channel estimation accuracy are agreed to capture in the WID [1]
· Specify enhancements on reference signal in the following areas 
· Non-precoded CSI-RS, extending the existing numbers {1,2,4,8} of CSI-RS antenna ports for support of 12 and 16 CSI-RS ports, using full-port mapping
· Beamformed CSI-RS
· SRS capacity improvement
· Support for SRS transmission with 4TX antennas as a second priority
· Support of additional ports for DMRS targeting higher dimensional MU-MIMO
· The maximum number of DMRS ports that a UE may be able to receive is kept as 8
In this contribution, we give our views on the potential SRS capacity and reliability enhancements.
2 Discussion on SRS enhancement 
· Transmitting SRS on unused PUSCH DMRS resources
Regarding SRS capacity enhancement, it is straightforward to increase the cyclic shift number. Currently, only 8 cyclic shifts (CS) are used for the SRS, to support sounding in various channel delay spread environments. Increasing this to e.g. 16 CSs could be considered, for more effective use of SRS in low delay spread environments. But for TU channel, it is hardly to support up to 16 CSs since the delay spread is relatively large. Therefore, increasing the cyclic shift number cannot accommodate all the scenarios.
Since DMRS can also be used as the channel estimation reference signal, we can use the unused DM-RS for sounding. A UE can piggyback on a PUSCH transmitted from another UE by utilizing the cyclic shifts that are not used as DMRS. This is easily accomplished by scheduling a pure “sounding UE” with the same or partially overlapped bandwidth as the “PUSCH transmitting UE”, thereby indicating that it should only transmit the DM-RS for sounding purpose (as shown in Figure 2). Alternatively, if some RBs are completely empty, they can be given to one or multiple UEs to transmit DM-RS only for sounding purposes in the same manner. 
Both different OCC and different CS can be used to distinguish DMRS for PUSCH and DMRS for SRS. When the DMRS and SRS has the same bandwidth, they can have the same OCC but with different CS as the multiplexing of the DMRS of the 1st UE and the SRS of the 5th UE as shown in Figure 2. Different OCC can be for DMRS for PUSCH and DMRS for SRS to support sounding and PUSCH UE having non-equal bandwidths as demonstrated in figure 1. In this example a large bandwidth is used to sound 3rd UE before scheduling this UE on the best band after 4 sub-frame delay. 
Proposal 1: Different CS and OCC can be used for DMRS for PUSCH and DMRS for SRS. 
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Figure 1: Sounding using DMRS independent from PUSCH transmission

· Signalling of SRS on unused PUSCH DMRS resources
In the case of sounding with DMRS, one could choose a signaling method with maximum flexibility by performing triggering and configuration in the PDCCH. Specifically, one can reuse existing DCI format for the UL grant which already contains useful fields used for sounding configuration (resource allocation, DMRS allocation and power control command) and then trigger sounding by an unused or invalid code-point in DCI format e.g. combination of MCS and NDI field. 
For instance, Modulation and coding scheme (MCS) has 5 bits to represent 32 states, in which the last three states (MCS=29/30/31) are used for retransmission without the indication of transport block size and modulation scheme. When the user equipment receives one of the last three states it knows that the retransmission of the previous transport block is needed and refers to the latest PDCCH transmission to obtain the transport block size and modulation scheme. NDI indicates if the transport block to be transmitted should be a new or retransmitted one. Hence, in a normal uplink grant when one of the last states of MCS is transmitted in PDCCH, NDI is not toggled (compared to the earlier transmission) to indicate the retransmission. Therefore, the combination of MCS=29/30/31 and NDI being toggled is invalid for normal data transmission. As a consequence the combination of MCS=29/30/31 and NDI being toggled can be allocated to trigger the sounding transmission. 
In the case of spatial multiplexing, there are two codewords and two corresponding MCS and NDI that can be combined as explained previously to perform sounding using DMRS. For this scheme a full UL grant is transmitted for the sounded UE which might be different from scheduled UE that transmits data. Usage of DCI format gives the maximum flexibility in-term of triggering and sounding configuration to sounding with DMRS.
Proposal 2: MCS=29/30/31 and NDI being toggled can be allocated to trigger the sounding transmission.
3 Conclusions
In this contribution, we give our analysis on the SRS capacity and reliability issue and we have the following proposals:
Proposal 1: Different CS and OCC can be used for DMRS for PUSCH and DMRS for SRS. 
Proposal 2: MCS=29/30/31 and NDI being toggled can be allocated to trigger the sounding transmission.
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