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1. Introduction
In RAN1#61, the following agreements on dynamic SRS configuration were reached: 
· One-shot SRS transmission is supported.

· In case of DCI format 0 is used for SRS triggering, size of DCI format 0 remains the same as defined in Rel8 at least in common search space

The following open issues have continued to be discussed through email:
· Support of other SRS durations is FFS 

· Resources used for aperiodic SRS

· Support of aperiodic triggering by DL grant?

· In case of UL triggering, allow triggering without PUSCH grant?

· Support of group triggering
A way forward [1] was briefly discussed in RAN1#61bis to further progress on aperiodic SRS design, with the aim of reaching agreement in RAN1#62.   This contribution discusses the remaining issues to support dynamic aperiodic SRS. 
2. Discussion on remaining issues of dynamic aperiodic SRS
Dynamic aperiodic SRS is designed to improve the utilization of SRS resources.  The use cases of dynamic aperiodic SRS are applications with high-rate UL traffic arrival with long idle periods, dynamic secondary component carrier scheduling for CA, and the provision of additional UL channel state information at the cell edge.   The design of dynamic aperiodic SRS needs to take into account these use cases and the the system complexity.  In the light of this, we analyze each of the remaining issues below: 
· Support of other SRS durations – One-shot SRS was agreed for dynamic aperiodic SRS.  Additional SRS durations are FFS.  SRS is used for UL channel state estimation for MCS and precoding vector selection for each subband.  The MCS selection is based on the long term average of the channel quality.  A single SRS transmission would not provide the desired long term average of the channel quality.   If only one-shot SRS is supported, it requires a grant (UL grant is agreed with DL grant being one of the remaining issues FFS) to trigger the aperiodic SRS transmission every time.  Although control signaling would be included in the DCI formats to indicate the SRS transmission, the scheduling grant might not be available at the time when the eNB would like to use the SRS for UL channel state estimation.  One way is send an empty grant (no PRB allocation) just to trigger SRS.  This will increase the overhead on the PDCCH.  The alternative is for the eNB to delay the SRS until a grant is available.  This will lead to increase complexity of filter design for channel quality estimation.   Since the use case of dynamic aperiodic SRS is for high-rate traffic arrival with long idle periods, it is more efficient to support multi-shot SRS transmission.  The duration and period of multi-shot SRS transmission could be configured by RRC in the initial configuration of aperiodic SRS.  The one-shot SRS would be a special case of aperiodic SRS configuration.  
· Resources used for aperiodic SRS - The resource allocation for aperiodic SRS would comprise a dynamic selection from a pre-configured resource pool, and could provide statistical multiplexing gain through the SRS resource utilization.  Aperiodic SRS should use the same resource allocation for Rel-8/9 periodic SRS in the last symbol of the subframe.  In order to avoid collision with periodic SRS transmission, the aperiodic SRS resources should be allocated separately from those for periodic SRS.  
· Support of aperiodic triggering by DL grant - The dynamic SRS resource allocation also allows the eNB to configure the SRS based on the need of UL scheduling when UL transmission is infrequent.  The eNB could also trigger the aperiodic SRS transmission to obtain additional channel information, which could be used for UL transmission and DL transmission using channel reciprocity for TDD, or long term channel correlation matrix estimation for both TDD and FDD.   Thus, the control signaling for triggering SRS needs to be fast.  Supporting aperiodic SRS triggering through DL grant would minimize the overhead on the PDCCH, give more flexibility to the eNB and reduce the complexity in the filter design for channel quality estimation.  
· In case of UL triggering, allow triggering without PUSCH grant - If no UL grant is scheduled at the specific UL within the desired time for SRS transmission, the DL grant could be used as the first alternative.  Using a dummy grant, which is an UL grant without any PUSCH resources, would increase the overhead on the PDCCH.  This is not useful.  
· Support of group triggering - Group triggering of aperiodic SRS transmissions would allow triggering of a group of SRS transmissions for multiple component carriers from a UE or multiple UEs with a single command.  Group triggering would minimize the control channel overhead.  However, it would also increase the UE complexity and the system design.  To trigger multi-carrier SRS transmission from a UE, the group triggering mechanism would be complicated since a grant (regardless of whether it was an UL grant or a DL assignment) is associated with one component carrier.  Group triggering for multiple UEs requires including the triggering control signaling in the group DCI format, such as DCI format 3 and 3a for power control.   TPC-PUSCH-RNTI is used to scramble the DCI format 3/3a. The TPC-PUSCH-RNTI might not be feasible as the RNTI used for SRS group triggering since associated configuration.   Thus, we do not recomment support of group triggering in Rel-10.  
3. Conclusions

In this paper, we analyze the remaining issues of system design to support aperiodic SRS.  We propose:
· Support multi-shot SRS with the duration and period configured by the RRC signalling in the initial aperiodic SRS configuration.  

· Separate resource allocated for aperiodic SRS to avoid collision with those for periodic SRS

· Support of aperiodic triggering by DL grant. 

· No support of dummy UL grant. 

· No support of group triggering in Rel-10.  
Triggering of dynamic aperiodic SRS in the case of Carrier Aggregation is discussed in [21].
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