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1 Introduction

This contribution considers SRS enhancements for Rel-10 other than the dynamic aperiodic SRS multiplexing with periodic SRS [1]. The following aspects are considered:

a) Multiplexing periodic SRS from multiple UE antennas.

b) Using the (in-band or out-band) DMRS for sounding purposes.
Aspects related to the SRS transmission for ICIC support are treated in [2].
2 Multiplexing Periodic SRS from Multiple UE Antennas
In Rel.10, PUSCH transmissions from up to 4 UE transmitter antennas are supported in conjunction with the application of SU-MIMO (up to rank-4). Scheduling for PUSCH SU-MIMO transmissions are supported through the transmission of a periodic SRS from each UE transmitter antenna to provide the respective information for the UL channel medium. 

The SRS serves the same purpose as the CSI-RS in the Rel.10 DL. Although similar design principles apply, the periodic SRS from multiple UE antennas should have the same fundamental characteristics as the Rel.8 periodic SRS transmission from a single UE antenna. 
SRS Transmission BW Size and Location

The fact that the eNodeB should have uniform information about the UL channel medium for all UE transmitter antennas in order to schedule a SU-MIMO PUSCH transmission in a particular part of the operating BW provides the design guideline. Consequently, there is no reason to support different sizes for the SRS transmission BWs among the UE transmitter antennas. There is also no reason to support SRS transmissions from different UE transmitter antennas in different BWs (RRC configuration is fully under the eNodeB’s control). This also implies that there is no reason to have different hopping patterns among different UE transmitter antennas (in case SRS hopping is enabled) or to enable hopping for some SRS transmissions but not enable hopping for the remaining SRS transmissions. In general, any complication of the SRS resource management and any need for differentiation for the SRS transmissions from different UE antennas do not seem justified.
Proposal: The BW size and BW location are the same for the SRS transmissions from all UE transmitter antennas.
SRS Transmission Sub-Frame
The SRS transmission sub-frame for each of the UE transmitter antennas was also considered in [3] where the alternatives of having simultaneous SRS transmissions from all UE antennas in the same sub-frame and antenna port switching were considered. The same conclusion as in [3] is reached following the same principle for the uniform information of the UL channel medium at the eNodeB and the overall SRS resource management. Therefore, simultaneous SRS transmissions from all UE antennas in the same sub-frame are preferred. As UL SU-MIMO and respective SRS transmissions from multiple antennas are primarily applicable to low UE speeds, the SRS transmission period can be long enough (e.g. 20 msec) and the SRS overhead is not a significant consideration while the UL throughput and the peaks rates are optimized. 
Simultaneous SRS transmission in the same sub-frame from all UE antennas is also preferable for additional reasons such as the UE power consumption and overall design simplicity as even though the PA of each antenna may turn on and off open independently for SRS transmission, considering common RF and DBB parts among antennas, the UE power consumption is increased with antenna port switching. Also, as the SU-MIMO PUSCH transmission is simultaneous from all antennas, simultaneous SRS transmissions can capture the same implementation aspects such as antenna coupling, etc. Finally, avoiding periodic PUCCH puncturing (e.g. CQI or SR) may be harder to manage (either with or without CA) in case of antenna port switching (for the same SRS transmission period per antenna). 
Clearly, the SRS multiplexing from different transmitter antennas of a UE should be based on the Rel.8 periodic SRS multiplexing using different CS and combs. Additionally, even though a UE may have multiple transmitter antennas, it should be possible for the eNodeB to configure a single periodic SRS transmission from a single UE antenna (precoding is not supported) or, in general, from a sub-set of UE transmitter antennas (in case of 4 antennas). 
Proposal: The SRS transmissions from all UE transmitter antennas occur in the same sub-frame.

3 Using DMRS for Sounding
Use of DMRS for periodic (RRC configured) or aperiodic/dynamic (PDCCH) configured sounding is another way to reduce the SRS overhead and improve UL throughout. The DMRS-based sounding can be either out-band from UEs without PUSCH transmission [4] or in-band for UE with SU-MIMO PUSCH transmission [5]. 
In-Band DMRS-based Sounding

Support for in-band use of the DMRS for sounding has been suggested by switching between precoded DMRS and non-precoded DMRS using the SRS activation IE/code-point for which the interpretation can be further configured to a UE through RRC to be either for SRS activation or for switching between precoded and non-precoded DMRS. Alternatively, a 1-bit IE can be introduced in the DCI formats for UL SU-MIMO to switch between precoded and non-precoded DMRS [5]. The critical assumption for the introduction of the above features is that the SRS accuracy is not adequate for UEs in UL SU-MIMO mode. However, the SRS accuracy is primarily limited by power limitations at the UE (in addition to interference limitations) and such UEs are not the primary target for the application of UL SU-MIMO to improve cell average or cell edge throughput. Moreover, switching to non-precoded SRS for SU-MIMO transmissions degrades the PUSCH BLER by more 1 dB [6]. 
Therefore, there is little benefit, if any, to support in-band DMRS-based sounding.
Out-Band DMRS-based Sounding

Support for out-band use of the DMRS for sounding has been suggested to reduce SRS overhead either through RRC configuration or through PDCCH. This can provide at least wideband SINR information in case of RRC configuration (e.g. for PUSCH scheduling with frequency hopping and for power control of periodic PUCCH transmissions with long periodicities) and possibly narrowband SINR information in case of PDCCH configuration. It is up to the eNodeB implementation how to process this information. The main potential drawbacks that have been raised for consideration include the impact on channel estimation and inter-cell interference and the signaling overhead in case of PDCCH.  However, none of these drawbacks have a material impact. First, it is completely under the eNodeB’s discretion whether to enable this functionality. Second, the impact on channel estimation performance should not be any different (in fact it should be less) than the corresponding one with UL MU-MIMO and will depend on the assumed SRS transmission power and, at least for cell interior UEs, there should not be any impact on inter-cell interference. Third, PDCCH transmissions, and the respective overhead, for configuring SRS are also completely under the eNodeB’s control. As the PDCCH granularity is one OFDM symbol, there is no reason why the eNodeB cannot transmit PDCCH with low power to cell interior UEs to schedule SRS transmissions if the PDCCH occupancy will remain the same number of OFDM symbols. In fact, not only is this analogous to the CQI-only PUSCH transmissions already supported in Rel-8, but it also has the additional benefit that no additional UL resources are consumed. 

Therefore, out-band DMRS-based sounding should be supported as it offers overhead reduction without performance degradation and without introducing additional cost/complexity.
4 Conclusions

This contribution considered aspects for the periodic SRS transmission from multiple UE antennas and for the use of DMRS for sounding. Based on the previously presented analysis, the following are proposed:
Proposal: The BW size and BW location are the same for the SRS transmissions from all UE transmitter antennas.

Proposal: The SRS transmissions from all UE transmitter antennas occur in the same sub-frame.

Additionally, cost-benefit considerations suggest that out-band DMRS-based sounding should be supported while there is little/no need to support in-band DMRS-based sounding. 
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