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1. Introduction
The remaining issues on aperiodic SRS from the last RAN1 #62 meeting are shown below.
Detailed signaling for one-shot aperiodic SRS for the single CC case, assuming UL data is scheduled,
· Number of states needed in the PDCCH grant for triggering/configuration

· DCI format for single-port transmission:  {2,4,10}states

· DCI format for MIMO transmission: {2, 4, 18}states

· More discussion needed to decide on one set of states

· Potential list of the parameters to be configured: CS, Comb,  BW position, Transmission BW, hopping
· Partitioning of configuration parameters between RRC and PDCCH grant

· FFS

In this contribution, we discuss the remaining issues of signaling for one-shot aperiodic SRS. Further, we propose signaling methods on aperiodic SRS triggering/configuration using UL grant, and also present our view on supporting aperiodic SRS triggering via downlink assignment and group triggering.

2. Signaling issues for one-shot aperiodic SRS

It has been agreed that DCI format0 is used for aperiodic SRS scheduling and the detailed signaling design, including what SRS parameters should be configured and the partitioning of configuration parameters between RRC and PDCCH grant, is left to be determined.
2.1. Aperiodic SRS configuration parameters
In the agreements from the last RAN1 #62meeting, Rel-8 SRS resources and parameters are re-used for aperiodic sounding and the cell-specific SRS parameters are applicable to both periodic and aperiodic sounding. Therefore, it is possible to consider only UE-specific SRS parameters for aperiodic sounding configuration. In UE-specific parameters, we propose that the configuration parameters which should be transmitted from eNB to UE for aperiodic SRS information are SRS bandwidth, frequency position and transmission comb. Hopping bandwidth and SRS periodicity/subframe offset would not be necessary. Also, the same cyclic shift as the one for periodic SRS could be re-used/shared.
Proposal

· The configuration parameters for aperiodic SRS are SRS bandwidth, frequency position and  transmission comb
2.2. Partitioning of configuration parameters between RRC and PDCCH grant
We propose that the aperiodic SRS configuration parameters to be delivered by PDCCH grant are SRS bandwidth, frequency position and transmission comb. These parameters may need to be selected according to the availability of the resources for signaling. If there is enough resource to accommodate all the aperiodic parameters in full size, it might be optimal. However, if this is not the case, some restrictions may be needed to reduce the bit-size of the parameters.
Proposal

· The aperiodic SRS configuration parameters which should be included in UL grant are SRS bandwidth, frequency position and transmission comb.

3. Signaling for aperiodic SRS triggering/configuration in UL grant
To transmit aperiodic SRS configuration parameters such as SRS bandwidth, frequency position and transmission comb using DCI format0, we may need to add new fields or utilize the unused codepoints in a specific field. However, adding new fields to the UL grant for aperiodic SRS information causes change in the size of DCI format and increases the complexity of blind decoding. Therefore, utilizing the codepoints in a field would be more appropriate. So we propose to use unused codepoints in resource assignment field, and also in MCS field for signaling.
3.1. Signaling via Resource Assignment field
The size of a resource assignment field in DCI format0 can be determined according to the number of resource block, 
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, where n and a mean the number of resource block and the bit-size of resource assignment field, respectively. However, the used codepoints for resource allocation is 
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 and the unused codepoints can be calculated as, 
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, where K represents an additional exclusive number considering such as SPS. For example, the DCI format0 in 20MHz bandwidth has a 13-bit resource assignment field and 
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= 3141 codepoints are available for aperiodic SRS configuration information. If the RIV value in resource assignment field is located in the unused codepoints range, it indicates that the field is used for both resource allocation and aperiodic SRS scheduling. In this example, 
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bits are available for aperiodic SRS information and can accommodate such parameters as SRS band width, frequency position and transmission comb.
Proposal

· Resource assignment field in UL grant could be used for aperiodic SRS triggering/configuration 
3.2. Signaling via MCS field
The unused codepoints could be found in MCS field. In DCI format0, the MCS field consists of 5bits and each MCS index represents different modulation order or TBS index [2]. According to the UE capability of whether supporting 64QAM or only QPSK and 16QAM, the transmission modulation order, TBS index and redundancy version are determined. For example, if the higher layer has configured a UE to transmit only QPSK and 16QAM, eight MCS indexes will not be used for MCS assignment and can be used for other purposes such as aperiodic SRS information.
Considering that the aim of aperiodic sounding is to get the channel information with a one-shot SRS transmission, it is quite probable that the UL grant which contains the aperiodic SRS triggering would be assigned with little knowledge of the channel information. In other words, when aperiodic SRS is scheduled with UL grant, the probability of allocating higher MCS would be low. 
Proposal

· MCS field in UL grant could be used for aperiodic SRS triggering/configuration 
4. Signaling for aperiodic SRS triggering with other formats
4.1. Triggering using DL assignment
Aperiodic SRS triggering via DL assignment could minimize the overhead on the PDCCH, reduce the latency of aperiodic SRS triggering, and give more chances for DL transmission to exploit the channel information via channel reciprocity in TDD.
Adding ‘aperiodic SRS triggering field’ in DL grant will increase the complexity of blind decoding. Thus, we propose a signaling method of utilizing codepoints in DL grant. All the downlink DCI formats have new data indicator(NDI) field and redundancy version(RV) field. If NDI indicates a new transmission, RV implicitly represents ‘0’, namely RV field has a meaning only with re-transmission as combining information. We suggest that the redundancy version field could be used for aperiodic SRS triggering in new transmission. This method will not make a change of size of DL DCI formats. Also, since all DCI formats for downlink assignment have NDI and RV fields, we do not need to select certain DCI formats for triggering.
Proposal

· Redundancy version field in DL grant could be used for aperiodic SRS triggering 
4.2. Group triggering
In [3] utilizing PDCCH format 3/A via common search space is mentioned. With this format, an eNB could effectively control multiple users simultaneously with one DCI format since this format could support up to 32/16 users [4]. We propose supporting of group triggering since it would be an efficient option to reduce the PDCCH overhead.
Proposal

· Group triggering should be supported
5. Conclusion
We propose the following:
· The configuration parameters for aperiodic SRS are SRS bandwidth, frequency position, and transmission comb
· The aperiodic SRS configuration parameters which could be included in UL grant are SRS bandwidth, frequency position and transmission comb.
· Resource assignment field in UL grant could be used for aperiodic SRS triggering/configuration 
· MCS field in UL grant could be used for aperiodic SRS triggering/configuration 
· Redundancy version field in DL grant could be used for aperiodic SRS triggering  
· Group triggering should be supported
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