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1 Introduction
In the last meeting, the SRS enhancement in Rel-10 was discussed and the following was agreed:
· Dynamic aperiodic SRS is supported

· Continue discussion on PDCCH signalling aspects, how to provide aperiodic SRS resources (including for multiple antennas), how to share these resources with ones for periodic SRS, and for the duration of the dynamic SRS transmission (e.g. one-shot, with a timer, semi-persistent until disabled, etc.)
· Precoded SRS is not supported in Rel-10.
In this contribution, the signaling and resource sharing aspects of dynamic aperiodic SRS are discussed.
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 depends on the signalling design and resource sharing. 

2.1 Signaling aspects about 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. However, dynamic signaling of aperiodic SRS should avoid resulting in significant impact on PDCCH resources. For aperidodic SRS, the essential information is the SRS resource location. Therefore, the improvement of SRS utilization efficiency boils down to the signalling of aperiodic SRS resource allocation. Three options can be envisioned:
· Option 1:  
Aperiodic SRS resource is allocated via PDCCH. A new DCI format is defined to grant dynamic aperiodic SRS [2], in which all/most of the UE specific SRS parameters related to SRS resource allocation originally configured via RRC in R8 are included.  The PDCCH overhead depends on the amount of aperiodic SRS transmissions.
· Pros: 

· Support dynamic configuration of the SRS resources

· Easy to achieve timely aperiodic SRS scheduling on demand 
· Cons: 

· Large PDCCH overhead.
· Potential impact to PDCCH design.
· Option 2:  
Dynamic aperiodic SRS resource(s) is/are configured via RRC signaling as R8. One/more “SRS Activation” bit(s) is/are included in existing R8/9 PDCCH (DL/UL grant) for apeirodic SRS triggering. Multiple UEs’ “SRS Activation” bit (3) can be grouped and signaled via a signal PDCCH similar to DCI format 3/3A [3]. 
· Pros: 
· Negligible  PDCCH overhead

· Cons: 

· Large Latency of resource reconfiguration
· Complicated eNB scheduler due to less flexibility of resource allocation
· Potential impact to PDCCH design
· Hard to achieve timely aperiodic sounding when necessary due to potential collision with periodic SRS. 
· Option 3: 
A group of UEs’ dynamic aperiodic SRS parameters and corresponding UE-specific RNTIs are conveyed via PDSCH and a DCI format e.g format 1A/1C, with CRC scrambled by a common SPS-RNTI is transmitted to indicate the PDSCH location, which is similar to RAR transmission in R8. When the number of UEs with dynamic aperoidic SRS transmission is large, the PDCCH overhead reduction is significant comparing to Option 1 since many UEs can share the same PDCCH. 
· Pros: 
· PDCCH overhead can be significant reduced
· Support relative flexible configuration of the SRS resources comparing to option 2.

· No impact to PDCCH design: simply reuse R8 PDCCH format
· Cons: 

· Latency is somewhat larger comparing to option 1
· Less reliability

From the PDCCH overhead perspective, Option 2 and Option 3 are considerable. Option 3 can provide better trade-off among PDCCH overhead, latency and flexibility of aperiodic SRS resource alloction.
2.2 Aperiodic SRS resource sharing
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 [5][6] and aperiodic SRS can have separate resources accordingly. Then there can be two alternatives for aperiodic SRS resource sharing basically. 
· Alternative 1: share resources with periodic SRS
· Aperiodic SRS can fully share the existing sounding resource, how to allocate/balance resources between aperiodic SRS and periodic SRS can be left for implementation, i.e scheduler is responsible for collision avoidance. 
· For option 2, more SRS resource can be pre-configured for aperiodic SRS via higher layers, e.g 4 SRS resources and PDCCH activates one of those to reduce collision probability and relax scheduler complexity, e.g 2 SRS activation bits to choose 1 out of 4.
· For option 1 and option 3, dynamic SRS resource allocation can be support to avoid collision by option1 or option3
· Comb extension is a complementary mechanism to increase more SRS resources to reduce collision probability.
· Alternative 2:  separate SRS resources for aperiodic SRS, i.e. introduce more SRS resources
· Aperiodic sounding via unused DMRS: OCC can be used for multiplexing aperiodic SRS with two DMRS within a subframe.
· The last symbol of the granted PUSCH instead of Data [4]. It seems not efficient. 
The above two alternatives are considerable and non-exclusive. However, we need to further study whether multiple dynamic aperidodic SRS transmission modes should be supported:
· Transmit aperiodic SRS on the last symbol in cell-specific SRS subframes.
· Transmit aperiodic SRS on the last symbol of the granted PUSCH Instead of data.
· Transmit aperiodic SRS on DMRS with OCC
3 Conclusion
In this contribution, we discuss the signaling aspects and resource sharing for dynamic aperiodic SRS. In conclusion, our current views are given below:

· For the signalling aspect of triggering aperiodic SRS:

· From PDCCH overhead point of view, both of option 2 and 3 can be considerable.
· Option 3 is preferable because of the better trade-off among overhead, latency and scheduling flexibility when triggering a number of UEs’ aperiodic SRS
· Option2 is suitable for low collision probability scenario (e.g. few UEs are required to transmit SRS or SRS resources are sufficient enough), and multiple SRS resource can be pre-configured to reduce collision probability and relax scheduler complexity.
· In addition to sharing existing R8 resources with periodic SRS, introducing new SRS resources for aperiodic sounding is desirable.
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