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1 Introduction
In RAN1#82, the following was agreed related to SRS:

Agreement:
· Specify at least the following SRS capacity enhancements in Rel-13: 
· Increase the number of UpPTS SC-FDMA symbols for SRS
Working Assumption:
· Increase number of combs to 4
· FFS: Max number of CS 
Other enhancement techniques that have been studied in the SI or submitted at RAN1#82 can also be discussed at RAN1#82bis. 

In this contribution, we give our view on these enhancements.

Virtual cell ID for SRS
In the current specifications, the SRS sequences are a function of the cell ID. Since EB/FD-MIMO provides eNB with more RXUs, the spatial separation of users in the uplink can be greatly magnified. It is then observed that the strict orthogonality between SRS transmissions from different UEs may impose a too large restriction on the available SRS resources in the cell. Hence, a straightforward enhancement technique is to introduce VCID also for SRS, as was proposed at RAN1#82 [1]. Hence, we propose:

Proposal: Introduce virtual cell ID for SRS in Rel.13in order to increase SRS capacity

  Increasing the number of UpPTS symbols for SRS
For the aperiodic SRS, the UE may use only one of the symbols in UpPTS for SRS transmissions. This was clarified by agreed CRs at RAN1#76, e.g. [2] which ruled out the multi-shot operation. Hence, UEs can be multiplexed by being allocated to different SC-FDMA symbols (time multiplexing) and by increasing the number of symbols, SRS capacity is increased. 
A problem is then that a rather wideband SRS transmission is required from the UE and there may be coverage and channel estimation performance issues when the UE transmit power is limited. This may then impact on the EB/FD-MIMO performance when utilizing channel reciprocity. 
In [3], we made the following proposal for SRS: 
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 1. An example of SRS enhancement with a full subframe structure

Although SRS capacity enhancements are the main focus of the WI, improving SRS channel estimation performance at the same time would benefit the EB/FD-MIMO feature as a whole. Since there may not be time to fulfill full subframe SRS transmissions in Rel.13 timeframe, some of the benefits of the full subframe SRS can also be achieved in UpPTS. Hence we propose to use the full subframe structure of Figure 1, but applied to only the UpPTS symbols.
Proposal: Introduce a frequency hopped multi-shot aperiodic SRS within UpPTS
Hence, different bandwidth parts are sounded per SC-FDMA symbol within the UpPTS instead of a wideband SRS transmission in one single SC-FDMA symbol. Different users can thus be multiplexed in time-frequency domain as well. This is beneficial since more energy per RE can be used for SRS transmission which improves channel estimation performance and reciprocity based DL MIMO operation. 
Conclusion
We propose the following related to SRS.
Proposal: Introduce virtual cell ID for SRS in Rel.13 in order to increase SRS capacity
Proposal: Introduce a frequency hopped multi-shot aperiodic SRS within UpPTS
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