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1. Introduction

Several aspects of dynamic aperiodic SRS transmission were discussed at RAN1 #61. It was agreed that 
1. One-shot SRS transmission is supported.

2. 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

It was also agreed to continue discussion in RAN1 on the following aspects:
· 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

This contribution provides our views on these outstanding aspects.
2. Multi-shot Dynamic SRS Transmission

Multi-shot or timer-based dynamic aperiodic SRS transmission has been proposed to augment one-shot SRS transmission. Several advantages including precoder refinement, coverage enhancement, and frequency selective scheduling were described in [1]. A few concerns were raised at the last RAN1 meeting concerning the efficacy of scheduled multi-shot SRS transmission.  It was mentioned that multi-shot SRS transmission may be non-causal with respect to the L1 triggering signal because the sounding is not restricted to one subframe. It should be noted that this concept of multi-TTI transmission in response to a single trigger is already supported as subframe bundling in Rel-8/9 to enhance VoIP uplink coverage. In a similar fashion, multi-shot SRS transmission can be viewed as a special case of subframe bundling wherein multiple SRS transmissions over multiple TTIs are triggered by one UL grant for coverage enhancement [2], [3]. 
It is pertinent to note that the sounding duration is not infinitely long (i.e. semi-static until RRC reconfiguration). In contrast, it can be transmitted as a short burst over a time duration set by the eNB based on traffic and channel conditions. Utilizing only one-shot activation would require numerous one-shot SRS transmissions each triggered only when the eNB schedules an UL grant to a UE. One problematic consequence of this scenario is that the eNB schedules a UE (albeit with a small RB allocation) in order to obtain channel estimates and then may subsequently apply frequency selective scheduling. This can be viewed as a non-causal operation from a scheduling perspective. Furthermore, one-shot activation does not fully address the issue of coverage enhancement. Indeed, it results in an inefficient usage of PDCCH capacity since a coverage-limited UE would typically be scheduled with very small grants (1 or 2 RBs). In essence, multiple PDCCHs are sent to the UE over multiple subframes only to activate sounding. Therefore, our preference is:
Proposal: multi-shot or timer-based SRS transmission is supported for Rel-10.

3. SRS Resource Allocation and Signaling 

An all-important detail to keep in mind for L1 activation of aperiodic SRS is that the current Rel-8/9 PDCCH capacity is limited especially considering the Rel-10 features of carrier aggregation (including cross-CC scheduling) and UL MIMO. To maintain the Rel-8 principle of justifying DL signaling overhead for any new design/feature it is desirable that dynamic SRS is triggered in an UL grant with UL-SCH data and/or aperiodic CQI transmission [4].

Proposal: Dynamic aperiodic SRS is triggered in an UL grant with UL-SCH data and/or aperiodic CQI transmission.
Configuration Details: similarly to Rel-8/9 most of the sounding parameters can be semi-statically configured by higher layer signaling. We assume that, as a baseline, at least one Rel-8 SRS resource is configured for timing, UL power control and frequency dependent scheduling for Rel-8 (rank 1) transmission. For a multi-Tx UE, CSI accuracy is optimized if sounding is performed at the same time and in the same bandwidth across all desired antenna ports. There are at most 16 SRS resources (8 cyclic shifts and 2 transmission combs) for each configured sounding bandwidth. Therefore, a 2-Tx (resp. 4-Tx) UE consumes up to 12.5% (resp. 25%) of the SRS resources per sounding bandwidth. Given the significant resources that can be utilized by one UE these additional cyclic shift/transmission resources can be shared by a group of UEs with similar traffic or channel conditions. A UE is semi-statically configured with additional sounding resources and it is dynamically activated for single- or multi-TTI transmission by the eNB on a need basis. 
One other unresolved configuration issue is the SRS transmission instances. To maintain Rel-8/9 behavior it is preferable if, at least, the first SRS transmission in response to a trigger in subframe n is sent in subframe n+k, where k = 4 for FDD and k is defined for TDD in Table 8-2 of [5]. Similarly to periodic SRS transmission in Rel-8/9 it is recommended that dynamic aperiodic SRS shall be transmitted in the last symbol of a cell-specific sounding subframe. This ensures that other scheduled intra-cell UEs can rate-match around the last symbol to avoid intra-cell interference.
SRS triggering in UL grant: one primary motivation for supporting dynamic SRS transmission in Rel-10 is to allow sounding from multiple antennas. Therefore, triggering dynamic SRS can be done by adding at least a 1-bit activation field in the UL SU-MIMO DCI format. Triggering in DCI format 0, if necessary, could be done by redefining existing bits or addition of a 1-bit field [2]. Based on the RAN1 agreement, addition of one bit to format 0, if agreed, would be restricted to the UE-specific search space.
SRS triggering in DL assignment: limited signaling may be possible in DL assignments. For example if a 1-bit activation field is added to DCI format 0, it also implies that SRS activation is possible in DCI format 1a. Addition of SRS activation to other DL DCI formats is unclear at the moment. Some issues that need to be addressed include which DL DCI format(s) would contain an SRS activation field, possible bit padding to avoid ambiguous DCI format sizes especially for any new DL DCI format (possibly one new DCI format may be required to support 8-Tx DL MIMO). Therefore, addition of SRS activation field to DL DCI formats needs further study.
Group triggering: has been proposed to efficiently activate SRS transmissions from a group of UEs, similarly to group power control using DCI format 3/3A [6]. By definition this SRS DCI format would be placed in a common search space (CSS) for this group of UEs. The small size of the Rel-8/9 CSS will preclude its re-use for group SRS activation because of the increased blocking probability. Creating a “group” search space for SRS activation would imply a common overlap of each UE’s search space (USS) such that a group SRS command can be detected by all UEs in the group. Furthermore, the efficiency of the group power control command is strongly dependent on the number of UEs that are activated at any one time. Therefore, further investigation is recommended for group SRS.
4. Conclusion

To resolve the outstanding details on dynamic aperiodic SRS transmission in Rel-10 it is proposed that:
· Dynamic SRS can only be scheduled in an UL grant with associated UL-SCH data and/or aperiodic CQI transmission.

· At least the first SRS transmission in response to a trigger in subframe n is sent in subframe n+k, where k = 4 for FDD and k is defined in Table 8-2 of [5] for TDD.
· Dynamic aperiodic SRS is transmitted in the 14th symbol of a cell-specific sounding subframe.
· At least a 1-bit SRS activation field is added to the UL SU-MIMO DCI format.

· SRS activation in DL assignment may be considered for DCI format 1A.Activation in other DL DCI formats is FFS.
· Group SRS activation is not permitted in the Rel-8/9 common search space. Activation in the UE-specific search space is FFS.
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