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1 Introduction
In the last meeting, the dynamic aperiodic SRS in Rel-10 was discussed and the following was agreed:
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

3. Continue email discussion until RAN1#61bis, Rapporteur (Anthony Ekpenyong, TI)
a. Support of other SRS durations is FFS 

b. Resources used for aperiodic SRS

c. Support of aperiodic triggering by DL grant?

d. In case of UL triggering, allow triggering without PUSCH grant?

e. Support of group triggering

In this contribution, we discuss some remaining issues of dynamic aperiodic SRS and present our views
2 Discussion
In LTE-Advanced, SRS enhancements are motivated to support UL SU-MIMO and carrier aggregation. To alleviate SRS resource shortage, the support of dynamic aperiodic sounding was agreed in RAN1 #60 expecting such additional SRS scheduling flexibility can optimize the SRS resource utilization. Intuitively, the introducing of dynamic aperiodic sounding can optimize the usage of SRS resource by dynamically triggering them only when necessary. However, how to perform efficient aperiodic SRS to achieve this target depends on the signalling design and resource sharing.

2.1 Resource used for aperiodic SRS

Dynamic aperiodic sounding has the potential to improve the usage efficiency of the existing SRS resource, but does not address the question of whether Rel-8/9 SRS capacity is sufficient for Rel-10 features such as SU-MIMO. In addition, provided that dynamic aperiodic sounding should share the same SRS resource set (last symbol in sounding subframes) with peridodic SRS, which is different to aperiodic CQI transmission piggybacked PUSCH, it seems difficult to achieve timely aperiodic SRS scheduling on demand considering the potential collision between aperiodic and periodic SRS when the total physical SRS resource is lacking. So it is still desirable to increase SRS capacity [1][2] and aperiodic SRS can have separate resources accordingly. Then there can be two alternatives for dynamical aperiodic SRS resource sharing basically: 
· Alternative 1: share the existing cell-specific configured SRS resources with  periodic SRS
· Aperiodic SRS can fully share the existing sounding resources or be separately reserved. How to allocate/balance resources between aperiodic SRS and periodic SRS can be left for implementation, i.e scheduler is responsible for collision avoidance. 

· Multiple UEs can dynamically share the same resources for aperiodic sounding.
· Can reuse the R8 periodic SRS design as much as possible. E.g. the UE specific SRS bandwidth configuration table

· Dynamic aperiodic SRS transmission in cell-specific SRS subframes can avoid additional shorten PUCCH in case of simultaneous SRS and AN transmission..
· Alternative 2:  introduce new resource for aperiodic SRS: Comb/CS extension, piggybacked on unused DMRS, Puncturing granted PUSCH symbol etc. are proposed by several companies.
· More standard efforts are required. 

Alternative 1 should be considered with higher priority as the R8 design can be reused as much as possible. Though alternative 1 and 2 are non-exclusive, it seems R10 does not cry for new resources for sounding assuming a small number of MIMO UEs. If new resources are required in later releases, the resource utilization efficiency should be taken into account firstly. 
2.2 Signalling for dynamic aperiodic SRS
Basically, dynamic sounding trades off Rel-8/9 sounding overhead with DL L1/L2 signaling overhead for efficient management of the existing R8 sounding resources, more DL L1/L2 signalling overhead, more efficient. The improvement of SRS utilization efficiency boils down to the signalling design of aperiodic SRS resource allocation
2.2.1 Triggering
· Support of aperiodic triggering by DL grant?
Aperiodic SRS triggering at least by UL grant has been agreed in RAN1 #60bis. However, it is not necessary to only tied with UL grant, there are some use cases for DL grant to carry SRS activation signalling, such as reducing the latency of aperiodic SRS triggering, providing scheduling information before PUSCH transmission and using SRS for DL channel state information etc. On the other hand, adding “aperiodic SRS activation” IE in the UL grant can also result in payload increase in the corresponding DL grant (DCI format 1A) to avoid the increase of blind decoding operations. So dynamic aperiodic SRS triggering via DL grant can also be supported.
· In case of UL triggering, allow triggering without PUSCH grant?
If aperiodic SRS triggering is supported in both DL and UL DCI formats, it is not necessary to allow triggering SRS via a PDCCH without PUSCH grant. Triggering without PUSCH will cause additional overhead, lead to unnecessary resource waste and increase the PDCCH blocking probability. Furthermore, periodic SRS can be used to complement aperiodic SRS if there is neither uplink traffic nor downlink traffic, so in case of UL triggering, we propose not to support triggering SRS without PUSCH grant.
· Support of group triggering?
To achieve timely aperiodic SRS triggering and save PDCCH overhead, for those UEs without UL grants, a new PDCCH format, which is similar to DCI format 3/3A can be introduced to trigger multiple users’ aperiodic SRS transmission at the same time. To support group-based triggering, a new SRS-RNTI will have to be defined in common search space. Additionally, most aperiodic SRS parameters are configured via higher layer signalling except some parameters, such as cyclic shift or comb, which can be selected by additional information bits in addition to the trigger. However, if aperiodic SRS can be triggered by both UL grant and DL assignment, the necessity of group triggering is questionable and should be investigated further. 
2.2.2 Duration for dynamic aperiodic SRS transmission
For frequency-dependent scheduling, the network may need to trigger multiple dynamic aperiodic SRS transmission several times. Multi-shots SRS can allow wide band sounding and coverage enhancement efficiently. To easy the triggering and save signalling overhead, multi-shots aperiodic SRS transmission per trigger, such as timer-based or semi-persistent until disabled, can be considered. One shot aperiodic SRS can be a special case of time-based aperiodic SRS transmission as the duration can be configured by higher layer. The resource collision with periodic SRS from other UEs can be avoided by configuring UE-specific SRS periodicity for the multi-shot aperiodic SRS transmission. 

As to the scheme of semi-persistent, it requires the PDCCH to activate and de-activate semi-persistent SRS transmission. There will be severe interference to SRS for other UEs when the UE falsely detected the PDCCH for activating or missed the PDCCH for de-activating. Furthermore, semi-persistent periodic SRS transmissions are already supported in LTE Rel-8/9, and thus there is no need to support semi-persistent for aperiodic SRS transmission. Timer-based aperiodic SRS transmission can be supported and the timer duration can be configured by higher layers signalling.

2.2.3 Resource configuration for dynamic aperiodic SRS transmission

To perform efficient SRS management with reasonable PDCCH overhead, dynamic flexibility of aperiodic SRS transmission locations and/or bandwidths seem crucial and desirable, while other UE specific SRS parameters can be pre-configured by higher layers. The simple and efficient way is that multiple aperiodic SRS resources are configured to a certain UE via higher layer signalling and the “Activation/triggering bits” in UL and/or DL grant can activate one of the configured resources, which is similar to ACK/NACK resource allocation for SPS.  Considering the BW and/or location table defined for R8, 2-4 bits L1 overhead are sufficient.
2.3 Aperiodic SRS transmission from multiple antennae
Dynamic aperiodic SRS is used for refining uplink MIMO precoding, and since the performance for uplink close loop precoding is sensitive to the channel sounding measurement accuracy such as sounding delay and inter-cell interference according to the evaluation [7], it appears straightforward to support transmitting aperiodic SRS simultaneously from all UL antennae once triggering. Orthogonality of different antennae can be achieved by cyclic shift multiplexing and/or different comb assignments. 
3 Conclusion
In this contribution, we analyze details for dynamic aperiodic SRS transmission in LTE-A. From the above discussion, our views are summarized below: 
· Sharing the existing SRS resources with periodic SRS should be considered with higher priority in R10 for aperiodic SRS transmission. How to allocate/balance resources between aperiodic SRS and periodic SRS can be left for implementation. Whether new resources are required can be FFS.
· Aperiodic SRS triggering via DL grant can also be supported.
· If aperiodic SRS triggering is supported by both DL and UL grants, it is not necessary to allow triggering SRS via a special PDCCH without PDSCH/PUSCH grant.
· If aperiodic SRS can be triggered by both UL grant and DL assignment, group triggering needs further study.
· Timer-based aperiodic SRS transmission can be supported and the timer duration can be configured by higher layers signalling.
· Dynamic flexibility of aperiodic SRS transmission locations and/or bandwidths is desirable. Using 2-4 bits in UL/DL grants to activate one of configured resources for aperiodic SRS transmission can be considered, which is similar to SPS Ack/NACK resource allocation.
· Transmitting aperiodic SRS simultaneously from all UL antennas once triggering should be supported.
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