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1 Discussion
In [TR 36.897], potential enhancements related to SRS are summarized. These schemes are targeting increased SRS capacity and enhanced UL channel estimation performance accuracy at the serving eNB. The use case is the use of DL-UL reciprocity to e.g. determine the downlink beam directions. 
The relatively low quality SRS estimates in present LTE is due to lower transmit power with wideband SRS scheduling. One remedy is to allocate a smaller SRS bandwidth but then frequency hopping is required to cover the whole system bandwidth. In aperiodic triggered SRS mode, which is of interest for MIMO application, there is no possibility to do frequency hopping. 

Another, “real-life” problem observed when SRS is transmitted is that SRS transmissions distort the adjacent PUSCH symbols due to the 40 (s transient period allowed for power ramping in [TS 36.101], see Figure 1. This is observed in current LTE implementations where the PUSCH samples are distorted adjacent to the SRS and in the worst case need to be discarded, which reduces the uplink spectral efficiency in SRS subframes. The problem is accentuated by the fact that there is no interleaver after the uplink circular buffer rate matching, so consecutive PUSCH bits are damaged.    
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Figure 1 SRS time mask, from [TS 36.101]
For reciprocity based operation, it is important to sound the full channel from all UE transmit antennas in as short time as possible. If sounding is performed in a longer time span than the channel coherence time, performance will likely degrade. Another problem is that current SRS does not allow for good Doppler estimation, this would also be a desirable feature of a new SRS structure targeting reciprocal MIMO operation. 
Our proposal thus builds on transmitting SRS on PUSCH resources and utilizes a whole subframe for SRS. This would enable the possibility to time-frequency multiplex sounding sub-bands within the subframe for a given uplink antenna port. If a sub-band is transmitted twice within the subframe (once per slot), then it is possible to estimate the Doppler shift and Doppler spread as well, which is desirable. A hopping pattern to multiplex UEs and antenna ports within a UE can be used to increase the capacity. 
Moreover, if a new design is done, it should be ensured that the power ramping problem of current LTE as described above is not repeated.  Whether this is best solved by a new RAN4 requirement or by SRS design or even a PUSCH interleaver needs to be studied.
It is also useful if UpPTS subframes could be used for sounding, so this could also be a requirement.

Proposal: Introduce an enhanced SRS, transmitted in the PUSCH region, covering the whole subframe. The following aspects should be considered in the design:

· Increased sounding capacity

· Increased quality of estimates by more power per RE/narrow sounding

· Full bandwidth sounding in the subframe

· Enable Doppler frequency estimation 

· Resolving the PUSCH distortion problem due to power ramping

· Scalable property to UpPTS subframes use as well as normal subframes use
An example of a full subframe SRS structure can be seen in the figure below where  a given antenna port is transmitting SRS twice per subframe and where the used resources are staggered across the subframe to ensure that the full system bandwidth is sounded , per slot. The hopping pattern within the subframe can be UE specific to utilize the full subframe and reach very large sounding capacities. Still, legacy multiplexing methods such as comb and cyclic shifts can be used for multiplexing as well.  
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Figure 2. An example of SRS enhancement with a full subframe structure

2 Conclusion

We propose to introduce an enhanced SRS, utilizing a whole subframe for SRS transmissions in order to increase SRS capacity and quality, targeting FD-MIMO operation utilizing DL-UL reciprocity. 
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