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1. Introduction
In RAN1#60, it was agreed to support dynamic aperiodic SRS and Precoded SRS is not supported. 

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 this contribution we discuss details on triggering, duration, transmission timing of aperiodic SRS and consider the impact of Carrier Aggregation (CA) on SRS transmissions.
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 and thereby reducing 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 DCI format (payload size different than existing DCI formats) for dynamic SRS configuration resulting in an increase in the number of blind decode (BD) operations,

· 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. Using reserved bits (e.g., Rel-8/9 padding bits) for this purpose can increase the false detection since these bits are used as virtual CRC bits in Rel-8/9,

· 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, 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. 
In addition, group-based DCI similar to DCI format 3A can be defined to trigger aperiodic SRS from multiple users without needing a PUSCH scheduling grant for each user.

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.

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 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.
· Triggering in DL assignment is supported.
· UE can be configured for both periodic and aperiodic sounding with priority for aperiodic sounding in case of collision.
3. Aperiodic Sounding Duration

In LTE Rel-8/9, a UE can be configured to transmit a single (i.e., one-shot) SRS based on a 1-bit UE-specific higher-layer signalling parameter, ‘duration’. The duration of the dynamic aperiodic SRS transmission can be one-shot or timer-based to support a pre-defined number of SRS transmissions which can be beneficial to support scheduling during a data burst. The pre-defined number of SRS transmissions (including one-shot) can be configured as part of the SRS configuration. Semi-persistent until disabled SRS transmissions are already supported in LTE Rel-8/9 by higher layer signalling and thus do not need to be supported for aperiodic dynamic SRS transmission.
Proposal 2:
· One-shot and timer-based (pre-defined number of SRS transmissions) durations are supported.

· No dynamic SRS de-activation message. Semi-persistent until disabled SRS transmissions can be supported as in Rel-8/9.
4. Aperiodic SRS Transmission Timing

The timing relation of the SRS transmission should be similar to UL transmissions in Rel-8/9 (at least 4 subframes after reception of the aperiodic SRS request, while satisfying the (RRC-configured) UE-specific SRS subframe offset and SRS periodicity configuration parameters to avoid undue increase in UE complexity. Thus, a SRS-request in subframe ‘n’ results in a SRS transmission (starting) in subframe ‘kSRS’ such that kSRS >= n+4 and also satisfies the UE-specific SRS subframe offset and SRS periodicity configuration parameters:
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Defining the timing in terms of UE-specific SRS subframe offset and SRS periodicity can be beneficial to reduce the PDCCH loading as the aperiodic SRS triggers are not restricted to be transmitted in only a few subframes. On the other hand, defining the timing as the first available cell-specific SRS subframe on or after 4 subframes from reception of the aperiodic SRS trigger [4] would constrain the PDCCH-based aperiodic SRS triggers be transmitted in a particular subframe (increased PDCCH burden) especially with cell-specific SRS configurations where the cell-specific SRS subframes are consecutive.
Proposal 3:

· A SRS-request in subframe ‘n’ results in a SRS transmission (starting) in subframe ‘kSRS’ such that kSRS >= n+4 and also satisfies the UE-specific SRS subframe offset and SRS periodicity configuration parameters:
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5. Aperiodic Sounding and Carrier Aggregation

In RAN1#59bis, independent SRS configuration per CC was agreed in case of carrier aggregation. In this section we discuss the UL component carrier linkage for PDCCH-based aperiodic sounding triggering with and without CIF field. 

For the case of PDCCH without CIF, aperiodic sounding trigger via UL Grant and/or DL assignment (and, if agreed, dynamic sounding configuration via Layer 1) received on DL CCx corresponds to SRS transmission on the UL CCy that is SIB2 linked to the DL CCx (RAN#2 has agreed on SIB2 based linking between DL CC and UL CC - UL CCy indicated in SIB2 on DL-CCx). If the UL CCy is not configured (or not activated, if activation agreed for UL CC) for the UE, then the sounding configuration/trigger is ignored.
For the case of PDCCH with CIF, triggering of an aperiodic sounding (and, if agreed, dynamic sounding configuration via Layer 1) by UL Grant with CIF (corresponding to UL CCy) received on a DL CCx corresponds to aperiodic SRS transmission on UL CCy indicated by the CIF field in the UL Grant. In case of aperiodic SRS triggering in DL assignment with CIF (corresponding to DL CCz) received on DL CCx, SRS transmission occurs on UL CCy that is SIB-2 linked to the DL CCz (PDSCH CC) indicated by the CIF field in the DL assignment. 
Proposal 4:

PDCCH without CIF
· Aperiodic sounding trigger received on DL CCx (via UL Grant and/or DL assignment received on DL CCx) results in aperiodic SRS transmission on UL CCy (if configured) that is SIB2 linked to the DL CCx (UL CCy indicated in SIB2 on DL CCx). 
PDCCH with CIF

· Triggering of aperiodic sounding in DL assignment with CIF (corresponding to DL CCz) received on DL CCx corresponds to SRS transmission on the UL CCy that is SIB-2 linked to the DL CCz (PDSCH CC) indicated by the CIF field in the DL assignment. 
· Aperiodic sounding trigger by UL Grant with CIF (corresponding to UL CCy) received on DL CCx results in aperiodic SRS transmission on UL CCy indicated by the CIF field in the UL Grant.
6. Conclusions

In this contribution, we discussed details on triggering, duration, transmission timing of aperiodic SRS and consider the impact of Carrier Aggregation (CA) on SRS transmissions. We propose the following:

Aperiodic SRS Triggering
· 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.
· Triggering in DL assignment is supported.

· UE can be configured for both periodic and aperiodic sounding with priority for aperiodic sounding in case of collision.

Aperiodic SRS Duration

· One-shot and timer-based (pre-defined number of SRS transmissions) durations are supported.

· No dynamic SRS de-activation message. Semi-persistent until disabled SRS transmissions can be supported as in Rel-8/9.

Aperiodic SRS Transmission Timing

· A SRS-request in subframe ‘n’ results in a SRS transmission (starting) in subframe ‘kSRS’ such that kSRS >= n+4 and also satisfies the UE-specific SRS subframe offset and SRS periodicity configuration parameters:
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SRS and Carrier Aggregation

PDCCH without CIF

· Aperiodic sounding trigger received on DL CCx (via UL Grant and/or DL assignment received on DL CCx) results in aperiodic SRS transmission on UL CCy (if configured) that is SIB2 linked to the DL CCx (UL CCy indicated in SIB2 on DL CCx). 

PDCCH with CIF

· Triggering of aperiodic sounding in DL assignment with CIF (corresponding to DL CCz) received on DL CCx corresponds to SRS transmission on the UL CCy that is SIB-2 linked to the DL CCz (PDSCH CC) indicated by the CIF field in the DL assignment. 

· Aperiodic sounding trigger by UL Grant with CIF (corresponding to UL CCy) received on DL CCx results in aperiodic SRS transmission on UL CCy indicated by the CIF field in the UL Grant.
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