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1
Introduction
In RAN1#59bis, independent SRS configuration per CC in case of carrier aggregation was agreed. In RAN1#60, it was decided that dynamic aperiodic SRS is supported. In RAN1#60bis, the following was further agreed:
· In case of aperiodic sounding, triggering is at least by PDCCH UL grants

· FFS how many bits / code points in the DCI message are used (i.e. including whether a PUSCH grant is given at the same time)

· Triggering in DL assignment is FFS

· Details of what is triggered are FFS

In this contribution, we provide additional views on the support of aperiodic dynamic SRS in LTE-A.
2
Discussion

In LTE-A, SRS design needs to take into account LTE-A features such as multiple transmit anntennas, CoMP, supporting heterogenous networks, etc. In addition to periodic SRS and the one-shot layer 3 configured SRS in LTE Rel-8/9, dyanmic aperiodic SRS was agreed as a necessary means for LTE-A operation.
In [1], we proposed the following:

· Enabling dynamic aperiodic SRS should be supported in both DL and UL DCI formats
· Only enabling dynamic aperiodic SRS triggering in cell-specific SRS subframes
· The timing for dynamic aperiodic SRS transmission, after being triggered, should be the first available cell-specific SRS subframes at or after 4ms.
· Flexibility in aperiodic SRS transmission locations/bandwidths is desirable, details FFS.

·  Dynamic aperiodic SRS should be based on the same set of UE-specific SRS bandwidths defined for periodic SRS.
· Dynamic aperiodic SRS sounding should take into account the support of multiple UL antennas.

Herein we provide some further design details on aperiodic dynamic SRS.
In RAN1#60bis, it was agreed that aperiodic SRS is at least triggered by PDCCH UL grants. The UL grants triggering aperiodic SRS may appear in the following two ways:
· One UL grant triggers both aperiodic SRS and PUSCH transmission. That is, certain number of bits/code points are embedded in regular UL grants triggering aperiodic SRS.
· One UL grant triggers aperiodic SRS transmissions only (no PUSCH transmissions).
It is commonly understood that aperiodic SRS is especially useful for bursty traffic, as illustrated below. 
After certain inactivity, the UE may send a scheduing request to the eNB when it has some traffic sitting in its buffer. The eNB may schedule a PUSCH transmission, typically started with conservative resource allocation due to lack of UE’s buffer status information. 
In order to obtain up-to-date channel state information, the eNB may trigger aperiodic SRS transmissions along with PUSCH scheduling. When transmitting the PUSCH, the UE may include a buffer status report (BSR) indicating its buffer level to faliciate more accurate subsequent PUSCH scheduling.
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Figure 1 A typical examplary usage of aperiodic SRS
It seems that aperiodic SRS only triggering via UL grants (with no associated UL grant) is not necessary, due to the following:
· It is not possible to align triggering aperiodic SRS during inactivity and the next SR transmission for a UE for better PUSCH scheduling, as the eNB can not predict when the UE sends the SR.
· Aperiodic SRS only triggering consumes PDCCH resources

· Periodic SRS can be used to complement aperiodic SRS
As a result, we propose not to support aperiodic SRS only triggering via UL grants.

On the other hand, SRS transmission consists of many parameters, e.g., bandwidth, location, UL transmit antennas, cyclic shifts, comb, etc. It seems quite restrictive to limit to only one specific SRS configuration on a semi-static basis.  
As a result, at least two bits are needed for aperiodic SRS triggering. On the other hand, there is always a concern over the resulting PDCCH overhead introduced by aperiodic SRS triggering – there is a need to limit the number of bits/code points used for aperiodic SRS triggering as well. 

Therefore, we propose to consider a range of 2-4 bits for aperiodic SRS triggering in UL grants, while the exact number can be FFS.

3
Conclusions
In this contribution, we provide additional views on aperiodic SRS support in LTE-A. 
In particular, we propose not to support aperiodic SRS triggering via UL grants without a PUSCH grant. We also propose to consider a range of 2-4 bits for aperiodic SRS triggering in UL grants, while the exact number can be FFS.
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