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1. Introduction
Bandwidth extension by means of carrier aggregation, enhancements to downlink multiple antenna transmission as well as uplink single user MIMO are to be introduced in LTE rel-10.  Several agreements have been reached during the work item as captured in the technical report [1] and when it comes to uplink sounding reference signals, it has been agreed to have non-precoded antenna-specific sounding reference signals using rel-8 principles for multiplexing. It has also been noted that sounding reference signals can be used for CSI estimation at eNodeB in the context of CoMP.  According to [2]  it has further been agreed that UE transmission of SRS can be used for CSI estimation at multiple cells exploiting channel reciprocity and that enhanced SRS schemes may be considered.
In the present paper, an enhancement of sounding reference signal for Rel-10 is discussed. More specifically, it is proposed to support aperiodic transmission of sounding reference signals.  This is similar to aperiodic CQI reporting on PUSCH, where a CQI report can be dynamically requested with DCI format 0.

2. Discussion

In the following, enhancements in the context of uplink and downlink multiple antenna transmission are discussed. However, there is also a need for sounding reference signal transmission to enable functions such as frequency selective scheduling in the uplink. Even though not discussed below, enhancements in the context of carrier aggregation also need to be considered. 
2.1. Uplink single user MIMO
It has been agreed to use precoded demodulation reference signals for uplink single user MIMO and furthermore to have non-precoded antenna-specific sounding reference signals.  The sounding reference signals can then be used to enable the eNodeB to estimate the channel and from that estimate determine rank as well as preferred precoding matrix. There will be uplink transmit power control, and hence the UE transmit power can change between subframes and this, in addition to latency speaks in favor of code or frequency domain multiplexing of sounding reference signals of different antennas in the same symbol. At the same time, from an intercell interference and uplink coverage perspective, time division multiplexing may be preferable.   In any case, efficient mechanisms and/or more resources for transmission of sounding reference signals is needed to cater for multiple transmission antennas. 
2.2. Downlink multiple antenna transmission

In addition to UE feedback, channel reciprocity can also be used to acquire channel state information at the transmitter for downlink multiple antenna transmission including schemes with flavors of CoMP.  An advantage of using channel reciprocity is that that standardization effort may rather small.  In fact, channel reciprocity can be exploited even without using sounding reference signals and the associated overhead.  Assuming however that sounding reference signals are used, we note that the transmission is semi-statically configured, and that especially in case wideband sounding is used, the periodicity may be relatively large for a reasonable number of active users.  This holds also for transmission mode 7 and 8 as defined in Rel-8 and Rel-9.   Hence, performance of downlink multiple antenna transmission using sounding reference signals is most likely improved by a more efficient mechanism or possibly more resources at the expense of more uplink overhead. This since channel state information with smaller delay can be obtained.
2.3. Channel state information for multiple cells

Channel state information for multiple cells can benefit downlink transmission, for example in the context of downlink CoMP, and as mention above it has been noted that sounding reference signals can be exploited by means of channel reciprocity. Hence, a UE transmits a sounding reference signals and the channel is measured at multiple eNodeBs in the uplink. This is different as compared to the case that UE feedback is used. In that case multiple CSI reference signals are transmitted from multiple cells and the UE measures on each of them. Hence, for UE feedback the UE is expected to have a higher degree of knowledge about the possible transmission points, whereas less of this knowledge is needed with the use of sounding reference signals and channel reciprocity.
Depending on the transmission scheme, there may be a need to improve the quality of sounding reference signal when it is received in cells other than the serving cell. A basic method to accomplish this is to use a re-use larger then one. There is need to further consider this application in order to understand whether specific enhancements for sounding reference signals are needed to improve the possibility for acquiring channel state information for multiple cells.
2.4. Remarks
The three use cases above are likely to benefit from up to date channel state information. Considering that the number of active users may be large, simply increase the multiplexing order and the resources set aside for sounding may not be efficient since from rel-8 and rel-9 only periodic transmission of sounding reference signals is available.  With aperiodic sounding reference signal transmission,   the resources for sounding can be shared in a more efficient way. Sounding can then dynamically requested only for user for which there is a need for sounding according to current channel and traffic conditions without the need to resort to semi-static reconfigurations.    This is similar to CQI reporting, where there in addition to periodic reporting on PUCCH also is a possibility for aperiodic reporting on PUSCH if so requested by an information element in DCI format 0. 

Hence, a first enhancement for sounding reference signal transmission is to support aperiodic transmission in addition to existing periodic transmission. Transmission of sounding reference signals then can be dynamically scheduled.  The details as well as the  need for further enhancements of sounding reference signals such as increasing the amount of resources  or the multiplexing order  is for further studies, and is expected to depend on the application.

3. Conclusion

Based on the discussion above, it is proposed to 
· Support aperiodic dynamically triggered transmission of sounding reference signals. More specifically, transmission of sounding reference signals can be dynamically scheduled similar to how aperiodic CQI reports on PUSCH can be requested.

· Further consider other enhancements, such as increasing the amount of resources for SRS .
References
[1]  3GPP TR 36.814, “Further advancements for E-UTRA physical layer aspects,” V1.5.0 (2009-11)
[2]  R1-094421, “Final report of 3GPP TSG RAN WG1 #58bis v1.0.0 (Miyazaki, Japan, 12th – 16th October, 2009)

