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1. Introduction

During the previous meetings, details regarding the aperiodic sounding reference signal (SRS) were discussed. There are, however, several open issues that must be clarified in order to finalize the Rel-10 specifications. In this contribution, we discuss the restrictions on the periodicity for UE-specific aperiodic SRS transmission and the support of frequency hopping for the aperiodic SRS. Furthermore, we discuss the UE behaviour in the case of multiple triggers for clarification purposes.
2. UE-specific Transmission Timing/Interval
It is noted that the periodicity for the UE-specific aperiodic SRS subframe should be restricted within smaller values than that for periodic SRS, e.g., 2 to 320 msec, in order to avoid unnecessary options and reduce the number of test cases [1]-[4]. From a throughput performance perspective, as shown in the previous system level simulation results in [5], a short UE-specific aperiodic SRS interval, e.g., less than 10 msec, is required to achieve a scheduling gain for UL multi-antenna transmissions. On the other hand, if a very strict limitation is applied, e.g., a periodicity of up to 5 msec, a large number of UEs may be configured to use identical aperiodic SRS resources and consequently the scheduling restrictions are increased. Therefore, considering these trade-offs, periodicities of less than 20 msec, i.e., 2, 5 and 10 msec, should at least be supported. 
Proposal 1: 

· Regarding the periodicity for UE-specific aperiodic SRS transmission, periodicities of less than 20 msec, i.e., 2, 5, and 10 msec, should at least be supported.
3. Frequency Hopping for Aperiodic SRS
The support of frequency hopping for aperiodic SRS still remains as an open issue. As discussed in several contributions [3],[4],[6]-[10], frequency hopping enables power limited UEs to benefit from frequency scheduling via wideband sounding. Furthermore, it is mentioned that the frequency hopping feature through  multi-shot aperiodic SRS transmission is beneficial in minimizing the PDCCH signaling overhead and in avoiding scheduling restrictions [6]-[10]. Even with one-shot aperiodic SRS transmission, however, the frequency hopping feature can be achieved. Therefore, frequency hopping should be supported especially when the SRS position is semi-statically configured, regardless of whether or not multi-shot transmission is supported. In this case, the same hopping manner as that for Rel-8/9 can be reused, i.e., the Radio Resource Control (RRC) parameter SrsHoppingBandwidith is supported for aperiodic SRS.
Proposal 2: 

· Frequency hopping is supported for aperiodic SRS regardless of whether or not multi-shot transmission is supported.
4. UE Behavior for Collisions of Multiple Triggers
The behavior of UEs, in the case of multiple aperiodic SRS triggers or scheduling grant reception, was discussed [6],[11]. Regarding this issue, the following points were agreed upon at the RAN1#63bis meeting [12].

SRS + SRS, intra CC (note that SRS configured for multiple antenna ports is considered a single SRS transmission)
· Only one SRS transmission by a UE on the same CC in the same SC-FDMA symbol in the same subframe

· Aperiodic SRS is prioritized over periodic SRS
· UE behavior in case of multiple triggers for aperiodic SRS for the same SC-FDMA symbol in the same subframe is not supported
In our understanding, in particular, the last point in the agreement means that the UE behavior is not specified if the contents of multiple triggers for the aperiodic SRS transmission are inconsistent as shown in Fig. 1. Therefore, in order to avoid unknown UE behavior and ensure that the UE transmits the aperiodic SRS, the NW would need to set the same SRS parameters for all UL grants and DL assignments as shown in Fig. 2. 
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Figure 1 – Case of error in multiple triggers
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Figure 2 – SRS trigger in multiple UL grants (/ DL assignments)

However, this expected eNB behavior imposes a certain restriction on aperiodic SRS triggering and data scheduling , e.g., in the event of an aperiodic SRS trigger with format 4 followed by that with format 0/1A. It was agreed that format 4 includes three sets of SRS parameters and format 0/1A has one set of SRS parameters. If format 4 indicating “activation” is transmitted and then format 0 or 1A indicating “activation” is transmitted in the later subframe, the set of SRS parameters should be the same for both formats, to ensure the aperiodic SRS transmission according to the interpretation of the current agreement. In this case, however, the other two sets of SRS parameters in format 4 which are different from that in format 0/1A should not be used, otherwise the aperiodic SRS may not be triggered. Hence, the flexibility in using the SRS parameters is diminished. On the other hand, a successful aperiodic CSI trigger is possible using these two sets of SRS parameters, but in this case format 0/1A can not be sent before expiring the UE-specific SRS period, which imposes data scheduling restriction. To avoid this problem, the NW should be able to successfully trigger aperiodic SRS by indicating “activation” in fomat 4 and “non-activation” in format 0/1A. Thus, the UE behavior for multiple triggers indicating both “non-activation” and “activation” during the UE-specific SRS period should be specified. Possible UE behavior is as follows.
· UE shall transmit an aperiodic SRS as long as there is at least one UL grant/DL assignment indicating “activation” and the contents of multiple UL grant(s)/DL assignment(s) indicating “activation” are consistent.

According to this behavior, aperiodic SRS transmission is supported in the case of Fig. 3 without losing the flexibility in using the SRS parameters and PUSCH/PDSCH scheduling, for instance. In Fig. 3, UE will transmit aperiodic SRS based on the activation from UL grant with format 4.
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Figure 3 – Single trigger with multiple non-activation scheduling grants
Proposal 3: 

· UE should transmit aperiodic SRS as long as there is at least one UL grant/DL assignment indicating “activation” and the contents of multiple UL grant(s)/DL assignment(s) indicating “activation” are consistent.

5. Conclusion

This contribution discussed the remaining open issues for aperiodic SRS. Our conclusion is as follows.
Proposal 1: 

· Regarding the periodicity for UE-specific aperiodic SRS transmission, periodicities of less than 20 msec should at least be supported.
Proposal 2: 

· Frequency hopping is supported for aperiodic SRS regardless of whether multi-shot transmission is supported.
Proposal 3: 

· UE should transmit aperiodic SRS as long as there is at least one UL grant/DL assignment indicating “activation” and the contents of multiple UL grant(s)/DL assignment(s) indicating “activation” are consistent.
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