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1
Introduction
In RAN1#60, it was decided that dynamic aperiodic SRS is supported. In RAN1#60bis, it was agreed that in case of aperiodic sounding, triggering is at least supported by PDCCH UL grants. In RAN1 #61, 62 and 62bis, additional agreements were made. In this contribution, we provide additional views on the support of aperiodic dynamic SRS in LTE-A.
2
Discussion

In RAN1#61, it was agreed that one-shot SRS transmission is supported. 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. In RAN1#62, the following were agreed:
· Rel-8 (time/frequency/code) SRS resources are re-used for aperiodic sounding

· Cell-specific SRS configuration parameters are applicable to both periodic and aperiodic sounding

· Aperiodic sounding using Rel-8 SRS resources is transmitted in cell-specific SRS subframes 

· UE-specific SRS configuration parameters such as SRS bandwidth, starting position, transmission comb, and cyclic shift could be different between periodic and aperiodic sounding

· A UE shall commence aperiodic SRS transmission in subframe n+k (k(4) upon detection of a positive SRS request in subframe n
· Support of multi-antenna port SRS 

· SRS for all the configured transmit antenna ports should be transmitted within one SC-OFDM symbol of the same subframe. 

· Both CS and Comb could be used for multiplexing different antennas

· Further discussion needed to see if we can narrow down the configuration parameters

· The SRS transmission bandwidth and frequency RB positions are the same for all antenna ports

In RAN#62bis, the following were agreed:

· Format 4 is used for SRS triggering. 

· Format 0 is also used for SRS triggering 

· DCI Format 4 
· 2 or 3 new bits indicate 3 or 7, respectively, sets of RRC-configured aperiodic SRS transmission parameters 
· 1 state indicates no aperiodic SRS activation 
· FFS for exact RRC-configured aperiodic SRS parameters 
· E.g. cyclic shift, comb, bandwidth, position 

· DCI Format 0 

· 1 new bit (RRC-configured) indicates aperiodic SRS activation 
· Aperiodic SRS activation is not supported in UE Common Search Space 

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

2.1
One-shot duration vs. multi-shot duration

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 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 in Rel-10, multi-shot aperiodic SRS triggering is not supported.

2.2
Resources for Aperiodic SRS
For DCI format 4, it was agreed that 2 or 3 new bits should be added for aperiodic SRS triggering, defining:

· One OFF state (not to trigger aperiodic SRS)

· Three or seven ON states, each corresponding to one of the 3 or 7 RRC configurations

Note that the configurations of aperiodic SRS should also consider the multi-carrier operation, where, in addition to the SRS parameters such as cyclic shifts, comb, bandwidth, and position, the CCs to which the SRS triggering should be applied need to be specified as well. In [2], it was proposed to have a 3-bit field for aperiodic SRS triggering in the context of carrier aggregation (CA). For simplicity,  3-bit aperiodic SRS triggering can be adopted both the non-CA and the CA cases. 

For DCI format 0, only one set of aperiodic SRS parameters are to be configured by RRC. The set of the aperiodic SRS parameters configured for DCI format 0 can be independent from the 7 sets of aperiodic SRS parameters configured for DCI format 4. 

To more effectively support aperiodic SRS and to facilitate eNB implementation, dynamic aperiodic SRS should be based on the same set of UE-specific SRS bandwidths defined for periodic SRS, which includes cyclic shifts (CS), comb,  bandwidth position, and transmission bandwidth. The hopping related parameters are not necessary since the aperiodic SRS is a one-shot transmission. 

For simultaneous aperiodic SRS transmissions for multiple UL antennas, while both CS and comb can be used for multiplexing different antennas, it is also possible to solely rely on the CS paramter for simplicity.
2.3
Triggering Without UL Grants and Group Triggering
It remains open whether to support the following two cases:.
· Case 1: One UL grant triggers aperiodic SRS transmissions only (no PUSCH transmissions) for a single UE.
· Case 2: One UL grant triggers aperiodic SRS transmissions only (no PUSCH transmissions) for two or more UEs, i.e., group triggering

The following are noted:
· It is not possible to align triggering aperiodic SRS during inactivity and the next SR transmission for a UE for better PUSCH scheduling, as the eNB can not predict when the UE sends the SR.
· Aperiodic SRS only triggering consumes PDCCH resources

· Periodic SRS can be used to complement aperiodic SRS
· Group triggering results in additional complexity/inefficiency in power control, group SRS management, etc.

As a result, generally we do not see a strong need to support aperiodic SRS only triggering via UL grants, either for a single UE or multiple UEs.

Note that, however, in order facilitate switching of UL transmission modes, flexible UL sounding is desirable. While it can be done via periodic SRS (which also supports multi-antenna sounding), it is more efficienct to utilize aperiodic SRS for this purpose. As a result, additional flexibility in aperiodic SRS triggering via DCI format 0 may be desirable.

3
Conclusions
In this contribution, we provide additional views on aperiodic SRS support in LTE-A. In particular, we propose that:

· Multi-shot aperiodic SRS triggering is not supported in Rel-10
· Generally, there is no strong need to support aperiodic SRS triggering via UL DCI without a PUSCH grant (either for a single UE or for a group of UEs). However, additional flexibility in aperiodic SRS triggering via DCI format 0 may be desirable to facilitate switching of UL transmission modes.
· For simplicity, support a 3-bit aperiodic SRS triggering in DCI format 4 for both the non-CA and the CA operations. As a result, 7 sets of aperiodic SRS parameters need to be configured for DCI format 4. Additionally, the one set of aperiodic SRS parameters configured for DCI format 0 can be independent from those for DCI format 4.
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