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1. Introduction
In RAN1#60bis, the following was 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 RAN1#61, the following was concluded:

· 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
In RAN1#61bis, the following was discussed regarding triggering:

· Detailed signalling for aperiodic SRS for the single CC case, assuming UL data is scheduling

· Number of states needed in the PDCCH grant for triggering/configuration

· DCI format for single-port transmission:  {2,4,10}states

· DCI format for MIMO transmission: {2, 4, 18}states

· More discussion needed to decide on one set of states

· Potential list of the parameters to be configured: CS, Comb,  BW position, Transmission BW, hopping

· Partitioning of configuration parameters between RRC and PDCCH grant

· FFS

In this contribution we discuss further details on aperiodic SRS triggering.
2. Triggering of Aperiodic Sounding 
2.1. Triggering by PDCCH UL Grants

In RAN1#60bis, triggering by at least PDCCH UL grants was agreed. The number of bits/code points to be used in the DCI message is FFS. Support for dynamic aperiodic sounding based on PDCCH in Rel-10 was agreed to improve the utilization and efficiency in management of SRS resources and minimizing the SRS overhead. A concern regarding any dynamic scheme is the potentially increased signalling overhead which thereby reduces its effectiveness.

Depending on how aperiodic sounding and SRS configuration (e.g., comb, starting RB, duration, SRS bandwidth, periodicity, subframe offset, cyclic shift) is performed, dynamic aperiodic sounding can potentially increase in the DL control channel signalling overhead:

· Defining a new dynamic SRS configuration DCI format [1] with the same DCI payload size as an existing DCI format requiring re-mapping one of the bits (or states/code points) to indicate and distinguish the type of the DCI format. The Rel-8/9 padding bit has been agreed as baseline to use to differentiate between contiguous and non-contiguous RA,

· Transmission of dynamic SRS configuration DCI format for one or more UEs together with UL grants and DL assignments can lead to PDCCH loading and blocking and/or reduced utilization of SRS resources.

Thus, to reduce the DL control channel signalling overhead, it is proposed that the SRS configuration parameters are configured and signalled via RRC configuration as in Rel-8/9. A “SRS-request” bit similar to the CQI-request bit in Rel-8/9 is included in the PDCCH UL Grant to request/trigger an aperiodic SRS transmission from the UE. The PDCCH UL Grant also includes a PUSCH scheduling grant at the same time with the aperiodic SRS transmission trigger/request. Thus, in case of UL triggering, triggering without PUSCH grant is not supported.
A UE can be configured for both periodic and aperiodic sounding. In case both periodic and aperiodic sounding would occur in the same subframe, only the aperiodic SRS is transmitted in the subframe similar to the case of CQI reporting. Periodic and aperiodic sounding share the cell-specific SRS resources as agreed in RAN1#62 to improve the utilization and management efficiency of SRS resources and minimizing the SRS overhead.
Proposal 1:

· Dynamic aperiodic SRS configuration parameters are configured via RRC signalling as in Rel-8.

· A SRS-request bit (or equivalent code points) be included in the PDCCH (UL Grants and DL Assignments) to request a dynamic aperiodic SRS transmission.
· Number of states in DCI format (single-port or MIMO  transmission) = 2
· In case of UL triggering, triggering is always associated with a PUSCH grant.
· UE can be configured for both periodic and aperiodic sounding with priority for aperiodic sounding in case of collision.
2.2. Triggering in PDCCH DL Assignments

SRS transmission can be quite useful to support various functions even without UL data scheduling. Some examples include power control, timing advance update, translating measured uplink long-term channel statistics to the downlink frequency in FDD for DL scheduling [2], channel-reciprocity based beamforming in TDD. Thus, it is beneficial to support triggering of aperiodic SRS transmission via DL assignments also for FDD and TDD as proposed in [3]. Such aperiodic SRS triggering via DL assignments can also support various scheduling “startup” functions on the UL such as initial MCS selection, improving frequency hopping even when frequency selective scheduling is not being used for the UE.

Proposal 2:

· Triggering in DL assignment is supported.
3. Conclusions

In this contribution, we propose the following on aperiodic SRS triggering:

Proposal 1:

· Dynamic aperiodic SRS configuration parameters are configured via RRC signalling as in Rel-8.

· A SRS-request bit (or equivalent code points) be included in the PDCCH (UL Grants and DL Assignments) to request a dynamic aperiodic SRS transmission.
· Number of states in DCI format (single-port or MIMO  transmission) = 2
· In case of UL triggering, triggering is always associated with a PUSCH grant.
· UE can be configured for both periodic and aperiodic sounding with priority for aperiodic sounding in case of collision.
Proposal 2:

· Triggering in DL assignment is supported.
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