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1. Introduction

RAN1 has agreed to support dynamic aperiodic SRS for efficient management of the existing Rel-8/9 SRS resources. It was further agreed at the RAN1 #60bis meeting that 

· 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

This contribution follows up on the outstanding details for dynamic SRS triggering as outlined above. Specifically, we focus on signaling considerations and efficient management of the existing Rel-8 SRS resources. A separate, but related topic is the support of additional sounding resources for Rel-10 systems, which is treated in a companion contribution [1].
2. Discussion
Signaling design for dynamic aperiodic SRS should weigh the potential performance benefits promised by dynamic SRS against the DL signaling overhead that is incurred, particularly with respect to the PDCCH capacity. Towards this goal it is instructive to enumerate the use cases for dynamic aperiodic SRS, which include, but are not limited to:
· Support of sounding from multiple antenna ports for Rel-10 multi-antenna UEs

· Coverage enhancement

· Refinement of transmission parameters such as precoders 

While these use cases address sounding enhancements it can be assumed that in a Rel-8 network a Rel-10 UE may be semi-statically configured with a Rel-8 SRS resource for timing control, UL power control, and frequency-dependent scheduling (for rank-1 transmission). Consequently, Rel-8 SRS resources can be partitioned into two sets S1 and S2, where S1 is reserved for Rel-8/9 operation, and S2 consists of a pool of shared resources that are used for dynamic aperiodic sounding [2], [3]. The relative sizes of S1 and S2 is left to eNB implementation. 
Dynamic SRS can be activated via a PDCCH conveying an UL grant or DL assignment, L2 signaling via a MAC control element, or a sounding grant, which is conveyed in a new PDCCH format. For activation via UL grants or DL assignments it is proposed that a UE is semi-statically configured, via RRC signaling, with a shared SRS resource(s) for aperiodic sounding. This resource is only used when an activation signal is received by the UE. Furthermore, for backward compatibility it is desired that aperiodic SRS transmission only occurs in cell-specific sounding subframes similarly to periodic SRS transmission.
2.1. Activation in UL grants
There are two possible activation methods, namely
· Redefinition of existing bits in a DCI payload

· Addition of an activation bit in the DCI payload scheduling an UL grant
2.1.1. Addition of an activation bit

An activation bit can be added to DCI format 0 and the DCI format for UL MIMO transmission mode (hereafter referred to as DCI format 4). Usage of such a bit is analogous to the aperiodic CQI request bit in DCI format 0. Therefore, if SRS activation is conveyed in an UL grant in subframe n it is also recommended that the aperiodic SRS signal is transmitted in the first cell-specific subframe at or following subframe n+k (k = 4 for FDD and k ( 4 for TDD).

For DCI format 4 it may be straightforward to simply add an SRS activation bit if RAN1 agrees to support an extra 16 blind decodes (BDs) for UL MIMO transmission mode. It is natural to assume that a multi-antenna UE shall support dynamic switching between UL MIMO and SIMO transmission modes. This is easily achieved because even when the UE is semi-statically configured for UL MIMO it would also monitor DCI format 0 by virtue of the fact that it always monitors DCI format 1A for DL assignments. Consequently, the eNB may need to activate aperiodic sounding in both DCI formats 0 and 4 for multiple antenna port sounding. However, this leads to some issues, namely,
· Reduction in the energy per bit due to an increase in payload size, which in turn implies coverage reduction.
· For DCI format 0 the addition of an aperiodic SRS activation bit also changes the payload size for formats 1A/3/3A when signaled in the common search space. This implies that Rel-8 UEs cannot be multiplexed with Rel-10 UEs for signaling a group power control command using format 3/3A. Therefore it is recommended that the addition of an SRS activation bit to DCI format 0 is limited to the UE-specific search space (USS).
2.1.2. Redefinition of existing bits in the DCI payload

In this method some existing bits of the DCI payload scheduling an UL grant can be redefined to activate sounding. For example, the padded bit in DCI format 0 can be used to activate sounding. A different option is to use a combination of the frequency hopping bit and the padding bit to activate sounding [4]. For this option a possible PDCCH validation check is to prohibit simultaneous activation of frequency hopping and aperiodic SRS. These approaches require more study because there may be increased PDCCH false decodes due to the reduction of the virtual CRC protection offered by the padded bit. 
A 4Tx UE may require three additional sounding resources (in addition to the base Rel-8 SRS resource) to enable 3- or 4-layer transmission. However, in some scenarios such as antenna gain imbalance the eNB may only require sounding from a subset of the antennas. Adding extra bits to the DCI payload to signal the subset of antenna ports from which sounding is required is not desirable. The agreed codebook for UL MIMO uses 53 codewords from the 6-bit 4Tx codebook. Some of the 11 reserved codewords can be re-defined both for SRS activation signal as well as for antenna port selection for dynamic aperiodic sounding. The details of such a scheme are FFS.
Proposal:

· For DCI format 4 (UL MIMO transmission mode)
· Consider a 1-bit SRS activation

· Consider activation and antenna port selection for dynamic aperiodic sounding using some reserved codewords in the MIMO codebook.

· For DCI format 0 

· To maintain backward compatibility with Rel-8 UEs SRS activation bit is limited to DCI format 0 in the USS.
· Consider use of the padded bit and, possibly the FH bit for SRS activation. Further investigation is required on the potential increase in the false alarm probability. 
2.2. Activation in DL assignments
It has also been proposed to activate aperiodic SRS in some or all DL DCI formats. One possible motivation for this could be in TDD systems, where the eNB exploits channel reciprocity for DL transmission such as beamforming. 
It should be noted that this use case is also handled by activation in UL grant. Thus, activation in DL assignments is only absolutely necessary for the case where no UL grant is intended for the UE. However, even for cases such as DL beamforming it is possible to activate aperiodic SRS in conjunction with an aperiodic CQI request. Secondly, signaling overhead can be minimized by configuring a timer-based SRS transmission window [2]. Other issues worth further investigation include:
· Coverage reduction:  this occurs if there is an indiscriminate inclusion of an SRS activation bit in all DL DCI formats. The impact is even more significant when dynamic SRS is configured in conjunction with cross-carrier scheduling for carrier aggregation. This results in at least 4-bit addition (3-bit CIF, 1-bit SRS request) to the existing DCI payloads.
· PUCCH restriction: for activation in an UL grant the SRS could be time division multiplexed with PUSCH. On the other hand activation in a PDCCH conveying a DL assignment in subframe n would require SRS transmission in subframe n+k (k ( 4), similarly to A/N transmission in response to a PDSCH reception or a PDCCH signifying SPS release. Therefore, the UE must always be configured for simultaneous ACK/NACK+SRS to puncture out the last symbol of the ACK/NACK transmission or else the SRS is dropped. Furthermore, if periodic CQI transmission coincides with the aperiodic SRS transmission the SRS is dropped.  
DL activation may be considered for limited cases. For example adding an activation bit to DCI format 0 in the USS also adds an activation bit for format 1A if the padding bit is maintained in format 0 for virtual CRC protection. 
Activation by L2 signaling

An alternative activation method is by L2 signaling using a MAC control element. In this case the activation is carried in the PDSCH for a specific UE. One potential issue with this approach is that if PDSCH reception fails the SRS transmission is delayed by the HARQ retransmission procedure. During the HARQ retransmission window the eNB cannot reuse the aperiodic SRS resource for another UE. This problem can be mitigated by a judicious selection of MCS for the initial transmission. Note that this is the same procedure that would be used for CC activation/de-activation when carrier aggregation is configured for a UE.
2.3. Duration of Aperiodic SRS

It has been noted that a single one-shot SRS transmission may not be very effective for frequency-dependent scheduling, and, more importantly, for coverage enhancement [2], [5], [6]. Indeed, for coverage enhancement and refinement of transmit parameters, sounding may be required in consecutive cell-specific sounding subframes. For such cases the eNB may need to activate consecutive one-shot aperiodic SRS transmissions when it would be more efficient in terms of PDCCH capacity to trigger a short SRS burst or timer-based SRS transmission window. The timer duration is configurable and the one-shot SRS transmission is simply a special case.
Proposal: a UE can be semi-statically configured to transmit dynamic aperiodic SRS only when activated. The duration of the SRS transmission is also semi-statically configured by RRC signaling.
3. Conclusion

Signaling for dynamic SRS activation should weigh the benefits of improved sounding versus the signaling overhead. This contribution proposes that
· For DCI format 4 for UL MIMO transmission mode

· Consider a 1-bit SRS activation

· Consider activation and antenna port selection for dynamic aperiodic sounding using some reserved codewords in the MIMO codebook.

· For DCI format 0 

· To maintain backward compatibility with Rel-8 UEs SRS activation bit is limited to DCI format 0 in the USS.

· Consider use of the padded bit and, possibly the FH bit for SRS activation. Further investigation is required on the potential increase in the false alarm probability. 

· Activation in DL DCI formats may be considered for limited cases. Activation can be inserted in DCI format 1A for the USS. 

· To reduce DL signaling overhead consider timer-based SRS transmission window for frequency-dependent scheduling, and coverage enhancement.
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