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1 Introduction

Most of the aperiodic SRS (A-SRS) configuration aspects were decided in RAN1#63 and RAN1#63bis and only the following few remain unresolved [1]:

a) Whether A-SRS triggering is supported with DCI Format 1A for FDD, or with DCI Format 2B and 2C for TDD further considering

a. DCI format size ambiguity
b. Collision handling of multiple triggers
c. SRS and A/N collision
b) Whether multi-shot A-SRS transmission is supported.
c) Whether frequency hopping is supported for A-SRS transmissions.
As most of the above aspects have already been extensively discussed, this contribution provides a brief discussion for their resolution.
2 Remaining Aperiodic SRS Configuration Aspects
Support of aperiodic SRS triggering with DCI Format 1A for FDD and DCI Formats 2B and 2C for TDD
Since SRS triggering with DCI Format 1A is introduced for TDD, there is no strong reason for not extending this support for FDD. DCI Format 0 currently has one more bit than DCI Format 1A (as one padding bit is used to indicate the resource allocation type, contiguous or non-contiguous, and 1 bit is introduced for A-SRS triggering). Therefore, 1 bit needs to be introduced to DCI Format 1A for size matching with DCI Format 0 and there is no reason to have this as a padding bit as the false CRC check is not a major concern in the DL. Therefore, support of A-SRS triggering with DCI Format 1A should be extended for FDD.
Regarding DCI Formats 2B/2C, a first consideration is whether it will result to DCI Format ambiguity (i.e. with DCI Format 0 or DCI Format 4). However, this is never the case, either for FDD or for TDD and either with or without the inclusion of 1-2 SRS triggering bits. The other consideration is the additional overhead introduced by the inclusion of 1-2 additional bits. However, since DCI Formats 2B/2C is targeted for DL SU-MIMO, the respective UEs will not be experiencing poor SINR conditions and the cost of these 1-2 bits, in terms of additional SINR for meeting the target PDCCH BLER, is marginal. 
Even though the specification/performance cost of introducing 1-2 bits to DCI Formats 2B/2C are marginal, it should also be considered whether the benefits of doing so are also marginal, especially since A-SRS triggering with a DCI Format scheduling PDSCH will be anyway supported (DCI Format 1A). Moreover, unlike DCI Format 4, not all UEs configured with DCI Formats 2B/2C in which case the benefit from being able to trigger A-SRS with DCI Formats 2B/2C is reduced. Additionally, the benefit of the A-SRS triggered by a DCI Format scheduling PDSCH is limited as there is no available TPC command. It has been suggested that the power control mechanism for the periodic SRS be used, but this problematic for DL heavy applications where PUSCH transmissions are infrequent or when periodic SRS transmissions are relatively sparse (which represents one of the main use cases for A-SRS). Regarding the enhanced ability to support multi-shot A-SRS transmissions, this feature is not an essential one (as it is further discussed below) while it is also not clear whether there is additional need for enhanced A-SRS triggering opportunities for DL CoMP or whether this cannot be achieved by other means (e.g. periodic SRS). Therefore, further enhancements for A-SRS triggering opportunities are not essential for Rel.10.
Regarding the collisions between A-SRS (triggered by DCI formats scheduling PDSCH) and HARQ-ACK in the PUCCH, this is obviously not an issue if the A-SRS transmission sub-frame is not the same as the HARQ-ACK one or if the cell-specific “Simultaneous-AN-and-SRS” parameter is enabled. Otherwise, the A-SRS can be dropped. It is noted that, instead of dropping the A-SRS, it would possible to delay its transmission for the next available A-SRS sub-frame (and as the eNodeB would know this, it could ensure avoidance of collisions) but it is not possible in general to ensure that additional PDSCH scheduling and respective A-SRS and HARQ-ACK collision will occur at the next available A-SRS sub-frame. For simplicity, A-SRS transmission should be dropped when it collides with HARQ-ACK transmission in the PUCCH and the “Simultaneous-AN-and-SRS” parameter is not enabled.
Support for multi-shot aperiodic SRS transmissions
The benefit of multi-shot aperiodic SRS transmission has been claimed to be a gain in cell-edge throughout as the channel information obtained from a single aperiodic SRS transmission may not be accurate enough and averaging is needed. However, it is unlikely that cell-edge UEs will need to transmit aperiodic SRS with large BW or perform PUSCH transmissions using SU-MIMO. Then, the UL DMRS, and/or the periodic SRS, and/or the DMRS in the PUCCH can be used to provide wideband or narrowband channel information (if frequency hopping is not applied). Additionally, multi-shot aperiodic SRS transmissions can substantially complicate the allocation of resources as it is difficult to avoid collisions without increasing overhead since only 1 (DCI Format 0) or 3 (DCI Format 4) RRC configured sets of parameters exist. Finally, aperiodic SRS triggering is intended to provide to the eNB fast information for the UL channel medium in case the UE has periodic SRS transmissions with long periodicity (including no periodic SRS transmissions). Therefore, the eNB can re-configure the periodic SRS transmission to have the desired periodicity in about the same time it takes for multi-shot aperiodic SRS transmissions to complete.

Support for frequency hopping of aperiodic SRS transmissions
For periodic SRS transmissions, support of frequency hopping was intended to capture the rather marginal case where the channel medium remained practically constant between two successive periodic SRS transmissions (implying that the periodic SRS transmission period is too short and the periodic SRS overhead is unnecessarily increased). This motivation seems to be even weaker for aperiodic SRS transmissions where the resource management due to the limited possible RRC configurations is exceedingly difficult if an increase in aperiodic SRS overhead is to be avoided. Moreover, for multi-shot SRS where the main objective is to obtain a more accurate channel estimate, frequency hopping is not a compatible feature for that purpose.
3 Conclusions

This contribution considered the remaining issues regarding the A-SRS support in Rel.10. With the exception of also supporting A-SRS with DCI Format 1A for FDD, as for TDD, there is no need to specify additional aspects/features for aperiodic SRS transmissions in Rel.10. 
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