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1 Introduction

A few remaining issues for aperiodic SRS transmissions include:
a) The UE behavior when it receives multiple PDCCH capable of aperiodic SRS activation/deactivation corresponding to the same aperiodic SRS transmission opportunity.

b) The number of bits for aperiodic SRS triggering in DCI Formats 2B/2C and whether they are always present. 
a. The UE may also incorrectly reset the deactivation timer due to PDCCH detection resulting from a false CRC check but the probability of this error event is much lower than for other error events.
This contribution provides brief considerations for the above two aspects.
2 Aperiodic SRS Activation and Multiple PDCCH Reception 
At RAN1#64, it was confirmed that a UE is not expected to receive multiple triggering (activation) for the same aperiodic SRS transmission opportunity [1]. Obviously, this only concerns single-cell aperiodic SRS triggering and is not applicable to multi-cell aperiodic SRS triggering. 

The primary/only reason for this is to avoid the error case where the UE misses the last of the respective PDCCH but not a previous one. Such an error case would result to the UE and the eNodeB having a different understanding of the aperiodic SRS transmission parameters which could lead to incorrect UL channel estimation at the eNodeB and subsequent PUSCH (and possible PDSCH in TDD) scheduling with inappropriate parameters which may last for several transmissions (e.g. if the channel estimates are interpolated). Therefore, if a UE receives multiple SRS triggers through PDCCHs transmitted in different sub-frames and the respective aperiodic SRS transmissions occur in the same UL sub-frame, the UE behavior is unspecified as this event effectively corresponds to inappropriate eNodeB operation. However, there are a couple of aspects requiring further clarification:
a) Does the term “multiple triggers” refer to multiple realizations (different sets of aperiodic SRS transmission parameters) or is the same realization interpreted as corresponding to multiple triggers?

b) What is the UE behavior if a PDCCH indicating aperiodic SRS deactivation is received after a PDCCH indicating aperiodic SRS activation?  

Since the periodicity of aperiodic SRS subframes can be as long as 10 msec, it is often likely that the eNodeB schedules the UE with the same DCI format (e.g. DCI format 4) several times between two successive aperiodic SRS transmission sub-frames. There are two alternatives for valid aperiodic SRS triggering in this case:
a) After an aperiodic SRS trigger is received in a PDCCH, the remaining PDCCHs (if any) for which the aperiodic SRS would be transmitted in the same subframe indicate no triggering. 
a. A disadvantage is that the aperiodic SRS transmission may be missed if the UE misses the respective PDCCH 

b) After an aperiodic SRS trigger is received in a PDCCH, the remaining PDCCHs (if any), for which the aperiodic SRS would be transmitted in the same subframe, indicate triggering with the same parameters.

a. As it is desirable for different DCI formats the UE is configured to receive in the same sub-frame to have different sets of parameters to improve flexibility of assignment for the SRS transmission parameters, the above is only possible for the same DCI format - this is an implementation aspect.
b. The eNodeB, particularly if it is not implementing PUSCH DTX detection (UL grant triggers aperiodic SRS) or if DTX/NACK is mapped to the same state as it is often the case (DL grant triggers aperiodic SRS), can be better protected from detecting noise as an aperiodic SRS transmission.
c.  The probability that aperiodic SRS resources will be wasted (due a PDCCH miss) can be significantly reduced. 
Therefore, the second alternative is preferable.
Proposal 1: If a UE receives multiple triggers for aperiodic SRS with the same transmission parameters in the same sub-frame, the UE transmits aperiodic SRS using these transmission parameters.

Due to the introduction of aperiodic SRS triggering with multiple DCI formats, it is also possible for the UE to receive a first DCI format triggering aperiodic SRS (e.g. DCI format 4) and then a second DCI format (e.g. DCI format 0/1A) for which the SRS triggering, if any, would be for the same sub-frame. Two alternatives exist for the triggering indication with the second DCI format:
a) The triggering in the first and the second DCI formats indicates the same set of aperiodic SRS transmission parameters. 

a. This requires the restriction that the same sets of SRS transmission parameters are allocated to different DCI formats which reduces flexibility of assignment and furthermore, it requires that the triggering with the first DCI format (e.g. DCI format 4) is for the set of parameters specified by the second DCI format (e.g. DCI format 0/1A) which is even more restrictive.
b) The second DCI format indicates no triggering. 

a. Aperiodic SRS triggering remains valid and with the transmission parameters indicated by the earlier received, first DCI format.
The second alternative is preferable
Proposal 2: If a UE receives PDCCHs indicating aperiodic SRS transmission with the same parameters in a subframe and PDCCHs indicating no aperiodic SRS transmission in that subframe, the UE should transmit aperiodic SRS in that subframe.
3 Aperiodic SRS Triggering with DCI Format 0/1A/2B/2C 
The open issues are the configurations of the SRS transmission parameters associated with DCI formats 0/1A/2B/2C, the number of SRS request bits for DCI formats 2B/2C and whether they should always be there or be configurable.

As the UE can simultaneously receive DCI formats 0/1A and possibly one of DCI formats 2B/2C, it should be possible to have different configurations of the SRS transmission parameters among DCI format 0, DCI format 1A, and one of the DCI formats 2B/2C. 

The SRS request bit(s) in DCI format 2B should be configurable for backward compatibility. Although the SRS request bits in DCI format 4 are always present, the rationale is that this DCI format is always associated with PUSCH transmission from multiple UE transmitter antennas. This is not necessarily the case for DCI format 2C (even considering potential DL/UL channel reciprocity aspects and multiple DL antennas). Therefore, the existence of an SRS request bit should be configurable for DCI format 2C. Given the complementary nature of aperiodic SRS triggering with PDCCH scheduling PDSCH, 1 bit SRS request field seems adequate for both DCI format 2B and DCI format 2C. 

Finally, the RRC should configure separate sets of parameters for each of the DCI formats 0, 1A, and 2B or 2C but since the use of DCI formats 2B and 2C is mutually exclusive, the same RRC parameter set can be shared by DCI formats 2B and 2C.

Proposal 3:
a) For TDD, 1-bit SRS request is configured by higher layers for DCI format 2B and DCI format 2C.

b) The 1-bit SRS request bit is commonly configurable to DCI formats 0/1A/2B/2C.

c) Each aperiodic SRS transmission parameter set is independently configured for each of DCI formats 0, 1A, and 2B/2C. The same aperiodic SRS parameter set is shared between DCI format 2B and DCI format 2C. 
4 Conclusions

This contribution considered the remaining issues for aperiodic SRS transmissions and proposes the following:
Proposal 1: If a UE receives multiple triggers for aperiodic SRS with the same transmission parameters in the same sub-frame, the UE transmits aperiodic SRS using these transmission parameters.

Proposal 2: If a UE receives PDCCHs indicating aperiodic SRS transmission with the same parameters in a subframe and PDCCHs indicating no aperiodic SRS transmission in that subframe, the UE should transmit aperiodic SRS in that subframe.
Proposal 3:
a) For TDD, 1-bit SRS request is configured by higher layers for DCI format 2B and DCI format 2C.

b) The 1-bit SRS request bit is commonly configurable to DCI formats 0/1A/2B/2C.

c) Each aperiodic SRS transmission parameter set is independently configured for each of DCI formats 0, 1A, and 2B/2C. The same aperiodic SRS parameter set is shared between DCI format 2B and DCI format 2C. 
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