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1. Introduction
Enhancements to the sounding reference signal design in Rel-8 and Rel-9 are motivated to support UL SU MIMO and carrier aggregation.  As outlined in [3], such enhancements can also be beneficial to improve reciprocity based downlink precoding schemes based on transmission mode 7 and 8.  At the last RAN1 meeting, it was agreed to support independent SRS configuration per component carrier in case of carrier aggregation.  It was also agreed to have an email discussion with the aim to identify areas for enhancements, and our views on various aspect of this have been shared on the email reflector.

In the present paper, SRS enhancements are discussed. More specifically, we propose to adopt dynamic aperiodic transmission of reference signals for sounding and to support triggering of such transmission using the UL grant.  We furthermore discuss alternatives for how to determine the UE specific parameters of the reference signal.
2. Discussion

2.1. Dynamic aperiodic sounding reference signal transmission

In Rel-8 and Rel-9, periodic transmission of sounding reference signals is supported, and resources are set aside on a cell level by means of higher layer signaling.  Maintaining up-to date channel state information for a large number of terminals will call for increasing the amount of resources as the number of users grows. Alternatively, for a reasonable overhead, only relatively infrequent periodic transmission can be expected. One could argue that the problem could be solved by increasing the multiplexing capacity so that more transmissions could be multiplexed. However, due to the intercell interference, the resulting quality of the channel estimates degrades as the number of users in each cell increases, and hence increasing the multiplexing capacity does not necessarily increase the system performance.
An attractive alternative is to enable efficient, dynamic management of the sounding.   Transmission of sounding reference signals can then be requested only for the user(s) 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 also avoids having users generating interference by transmitting sounding signals which are not needed. 

Proposal:

· Support dynamic aperiodic transmission of  reference signals for sounding
An efficient way to trigger the SRS transmission is to extend the DCI format.  Similar to how CQI reporting can be trigged by a field in DCI format 0, the DCI format for an UL grant can be extended to dynamically trigger an aperiodic transmission reference signal(s) in the same subframe, and in the context of carrier aggregation  on the same component carrier,  that the PUSCH is transmitted.
Proposal:

· An UL grant can trigger an aperiodic transmission of reference signals for sounding in the same subframe and on the same component carrier where PUSCH is transmitted.
Note that reference signals for sounding from multiple antennas are needed, and that these can multiplexed using different cyclic shifts in the same symbol, and that the UL grant in such case indeed triggers transmission of multiple reference signals.
2.2. UE specific parameters for aperiodic sounding reference signals

 Allowing for full flexibility in terms of sounding parameters would mean that information regarding frequency domain comb, bandwidth, frequency domain index and cyclic shift for the SRS needs to be conveyed in the DCI.  The obvious drawback of this is that the payload on the PDCCH would increase significantly.  To reduce the overhead, one could consider re-using fields needed for the PUSCH transmission also for the reference signal used for sounding. One example is the bit field for demodulation reference signal cyclic shift. When it comes to the bandwidth and frequency domain position, one could similarly consider determining these parameters for the reference signal as well. In fact, one solution is to use the same bandwidth and frequency domain position for both PUSCH as well as for the reference signal for sounding.  This would allow transmission of reference signals for sounding in any UL subframe, even in subframes where no resources have been reserved for sounding on cell level.  
Alternative 1:
· For aperiodic sounding reference signals, consider puncturing the last PUSCH symbol and use the corresponding time and frequency domain resources for sounding transmission.
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Figure 1 Example with aperiodic sounding puncturing last PUSCH symbol
Such an approach has the characteristic that each user pays for its own sounding overhead; resources need not to be reserved semis-statically on cell level.  A limitation is that sounding reference signal covers only the same band as the PUSCH transmission. In such a case, one needs to resort to periodic SRS transmission for frequency domain scheduling, whereas the aperiodic SRS transmissions can be used to refine transmission parameters such as precoders.

Another possibility or complementary solution is to configure the UE specific parameters for the aperiodic sounding reference signals in the same way as periodic sounding reference is configured, including parameters for periodicity and offset as well as frequency hopping bandwidth. The main difference is then that the aperiodic sounding reference signal is only transmitted when it is dynamically triggered.  It may be noted that in such a case, one can in principle define a periodicity as low as 1ms. This must not imply that resources needs to be set aside on cell level; the eNodeB can trigger transmissions in a subframe only when there is no risk for collision, either because resources are reserved on cell level, or because no UL transmission are granted in the subframe.  The partitioning of resources between aperiodic and periodic sounding can be left for implementation.  For example, different combs can be used. Furthermore the same parameters, or equivalently, the same rersources can be shared by many different terminals, as long as the eNodeB does not trigger transmissions simultaneously.  
Alternative 2:
· Consider independent configuration of UE specific parameters for periodic and aperiodic sounding.
Note that the second alternative does not imply that the exactly the same set of parameters must apply for both periodic and aperiodic sounding. Nor does it preclude combinations, where the aperiodic SRS is partially dynamically configured with for example the UL grant and partially semi-statically configured.
3. Conclusion

Based on the discussion above, it is proposed to 
· Support dynamically triggered aperiodic transmission of reference signals for sounding.
· Support triggering of aperiodic sounding reference signal transmission with the UL grant in the same subframe and on the same component carrier as the granted PUSCH resource.
· Consider two (non-exclusive) alternatives for aperiodic sounding reference signal parameters

· Bandwidth and frequency domain position are same as granted PUSCH resources (last symbol in subframe is used for sounding instead of data)
· Configured by higher layer  similar to periodic sounding
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