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1
Introduction
In RAN1#60, it was decided that dynamic aperiodic SRS (A-SRS) is supported. Since then, significant progress on the detailed A-SRS design has been made. In this contribution, we provide additional views on the support of A-SRS in LTE-A, particularly with respect to the RRC configuration of A-SRS parameters , the issue of frequency hopping for A-SRS, and some design consideration for carrier aggregation.
2
Discussion

In RAN1#63, it was agreed:
· For DCI format 4 

· 2 bits are added for SRS triggering and parameter, where the 2-bit is always present in format 4
· 1 state indicates no aperiodic SRS activation

· The other 3 states are used to indicate 3 sets of RRC-configured aperiodic SRS transmission parameters

· Each of the 3 sets can indicate a combination of the following SRS parameters (the other SRS parameters are directly configured by RRC)
· SrsBandwidth

· FrequencyDomainposition

· SrsHoppoingBandith (if hopping is supported)

· transmissionComb

· cyclic shift

· duration (if multi-shot SRS is supported)

· number of antenna ports

· The following SRS parameters are signalled directly by RRC and are common for all sets:

· srsConfiguraitonIndex

· FFS if number of CCs and indices of CCs are indicated by DCI format 4

· For DCI format 0

· For format 0 triggered A-SRS transmission, all A-SRS parameters are configured by RRC and no dynamic signaling of A-SRS parameters

Herein, we provide our views on some of the remaining design details.

2.1
RRC Parameters for A-SRS

While there are three sets of RRC configurations for A-SRS for DCI format 4, only one set of A-SRS parameters are to be configured by RRC for DCI format 0. It is an open issue whether the set of RRC parameters for DCI format 0 are related to those for DCI format 4. Note that the application scenarios of triggering of A-SRS via DCI format 0 can be different from those of DCI format 4. For instance, triggering of A-SRS via DCI format 0 can be useful in facilitating switching of UL transmission modes, while triggering of A-SRS via DCI format 4 is primarily for the benefits of UL MIMO operation. As a result, we propose:

Proposal 1:  The set of the A-SRS RRC parameters for DCI format 0 is independently configured from those for DCI format 4. 

The A-SRSparameters, namely, SrsBandwidth, FrequencyDomainposition, SrsHoppoingBandith (if hopping is supported), transmissionComb, cyclic shift, duration (if multi-shot SRS is supported), and number of antenna ports, provide a large number of combinations. On the other hand, only up to 4 sets of combinations of the above parameters (3 set for DCI format 4 and 1 set for DCI format 0) can be configured for a UE. Some prioritization of the A-SRS parameters is thus desirable. Among these, cyclic shift should be given the highest priority due to the necessity of UL MIMO support. FrequencyDomainposition provides the necessary flexbility in UL subband scheduling and A-SRS multiplexing of different UEs. SrsBandwidth is also an important parameter enabling UL sounding and hence UL scheduling flexibility. On the other hand, transmissionComb may bring additional A-SRS multiplexing capability. 

Proposal 2:  A-SRS RRC parameters should be prioritized, e.g., in the order of  cyclic shift, FrequencyDomainposition SrsBandwidth, transmissionComb, etc.

One important design aspect is whether to support aperiodic SRS triggering for multi-shot SRS duration, in addition to the already agreed one-shot SRS duration. 

Generally speaking, multi-shot SRS duration operation may bring some flexibility in SRS transmissions. Different SRS transmissions by the same triggering can cover not only multiple subframes, but also multiple locations in UL band via implicit hopping or explicit RRC configuration. 

However, the use case for such operation is rather limited. Aperiodic SRS triggering is helpful especially under bursty traffic. As discussed in [1], the first PUSCH transmission after certain UL inactivity is typically conservative, even if aperiodic SRS can be triggered along with PUSCH. This is due to the lack of buffer status information, and likely less accurate UL power control/rate prediction. Thus, the benefits of having multi-shot SRS triggering at the first PUSCH transmission are rather limited. More importantly, the presence of bursty traffic warrants frequent UL scheduling. Each DCI can trigger one-shot SRS, resulting in similar effect offered by multi-shot operation.
On the other hand, multi-shot aperiodic SRS triggering imposes additional complexity, from both the specification perspective and implementation/testing perspective. Some RRC signalling has to be developed to support multi-shot aperiodic SRS triggering. Some physical layer procedures may also become necessary, e.g., handling mis-alignment between eNB and UE on aperiodic SRS triggering, how to deal with back-to-back multi-shot SRS triggering, etc. Such procedures have to completely newly designed, since in Rel-8 and Rel-9, there is only one-shot aperiodic CQI. 
Therefore, we propose that:

Proposal 3: In Rel-10, multi-shot aperiodic SRS triggering is not supported.
It is also an open issue whether A-SRS hopping is supported. Hopping is an important component in periodic SRS transmissions, where multiple SRS transmission instances can sound different portions of UL system bandwidth in a cyclic manner. In Rel-10, since only one-shot A-SRS is supported, the benefit of A-SRS hopping is thus questionable, further considering the complexity involved. As a result, we propose that:
Proposal 4: In Rel-10, A-SRS hopping is not supported.
2.2
A-SRS in Carrier Aggregation
The configuration of aperiodic SRS should further consider the multi-carrier operation [2]. The triggering of aperiodic SRS can be 

· Implicit 
· Explicit via RRC configuration
The implicit triggering assumes that an UL grant can trigger SRS on the CC the assignment is intended for. If a DL grant could be used for SRS triggering, it could trigger for the SIB-2 linked UL CC. Therefore, there is an implicit mapping between the CC assignment and the CC SRS transmission triggering.
Explicit triggering via RRC configuration allows UL (and possibly DL) grants to trigger A-SRS according to the pre-configured specification. It is our view that such feature should be supported for more efficient UL resource management. Given that a UE is configured with CA, the following conditions typically hold:

· The  UE is generally in favourable channel conditions, and

· The eNB can know the UL buffer status information (e.g., via PUSCH on the PCC) before scheduling a CC (e.g., a SCC)

Therefore, RRC configured triggering provides flexibility for the eNB to learn the UL channel conditions of a CC to be scheduled and consequently, enables better UL resource management for the UE on the CC. If A-SRS of multiple CCs is configured to be triggered simultaneously, PDCCH overhead savings can also be achieved.

The configured mapping of the bits to the CC on which aperiodic SRS is triggered could be UE-specific and common for all CCs, or UE-specific and CC-specific. The latter is preferred as it is more natural and more flexible. For simplicity, overlapping triggers in an UL subframe can be interpreted by the UE as an error event, where no aperiodic SRS is triggered. 

Proposal 5: In Rel-10, RRC configured A-SRS triggering is supported, where the CC-index is jointly coded with other A-SRS parameters and is UE-specific and CC-specific. Overlapping triggers in an UL subframe are interpreted by the UE as an error event, where no aperiodic SRS is triggered.
3
Conclusions
In this contribution, we provide additional views on aperiodic SRS (A-SRS) support in LTE-A. In particular, we propose that:

· The set of the A-SRS RRC parameters for DCI format 0 is independently configured from those for DCI format 4.  

· A-SRS RRC parameters should be prioritized, e.g., in the order of cyclic shift, FrequencyDomainposition SrsBandwidth, transmissionComb, etc.
· In Rel-10, multi-shot aperiodic SRS triggering is not supported.

· In Rel-10, A-SRS hopping is not supported.

· In Rel-10, RRC configured A-SRS triggering is supported, where the CC-index is jointly coded with other A-SRS parameters and is UE-specific and CC-specific. Overlapping triggers in an UL subframe are interpreted by the UE as an error event, where no aperiodic SRS is triggered.
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