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1. Introduction

At the RAN1#62bis meeting, the following points regarding the triggering of an aperiodic SRS were agreed upon [1]. 
· 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

In this contribution, the remaining issues for aperiodic SRS triggering are discussed.
2. Main Remaining Issues for Aperiodic SRS
Considering the timeline for Rel-10 finalization, the remaining issues for SRS should be determined in order of priority. In this section, important issues to be determined immediately are discussed. 
2.1. SRS Multiplexing for Multiple Antenna Ports
In the discussion of periodic SRS transmissions at the last meeting, it was agreed that all the configured SRS transmission antenna ports would be transmitted within one symbol of the same subframe and the SRS transmission bandwidth and frequency RB positions would be the same for all the configured antenna ports. This agreement should be applied to aperiodic SRS transmission as well. Generally, in terms of the multiplexing scheme of the configured antenna ports, there seems to be no reason to use different multiplexing schemes for periodic and aperiodic SRS transmissions. Therefore, below we discuss the multiplexing scheme irrespective of periodic and aperiodic SRS transmissions. One of the remaining issues regarding SRS multiplexing for the configured antenna ports is the way to use cyclic shift (CS) and comb. We think CS should be the basis for SRS multiplexing of multiple antenna ports due to the multiplexing capacity of up to eight. On the other hand, the additional use of a comb for multiplexing different antenna ports might be effective for the large number of configured antenna ports especially in an extended CP case. One possible way to support this is a 1-bit RRC-configuration to signal the UE whether or not a comb is used for multiplexing different antenna ports. However, careful discussion is needed because the comb is the only means of multiplexing different SRS bandwidths. Regarding the relation among SRS ports, CS and/or comb for each antenna port should be implicitly determined on the basis of SRS antenna port 0 for the simplicity of signaling. 

Proposal 1: 
· CS should be the basis for SRS multiplexing of multiple antenna ports.
· CS and/or comb for each antenna port should be implicitly determined on the basis of  SRS antenna port 0 for the simplicity of signaling.
2.2. Details of Aperiodic SRS Triggering via DCI Format 4
It was agreed that 2 or 3 new bits would be included in DCI format 4 to indicate 3 or 7, respectively, sets of RRC-configured aperiodic SRS transmission parameters. The number of triggering bits and the exact RRC-configured aperiodic SRS parameters need to be determined. Regarding the number of bits, even if a 2-bit indicator is employed, the SRS collision probability is significantly reduced compared to the case of a 1-bit indicator as shown in [2]. In regard to the exact RRC-configured aperiodic SRS parameters, although the highest degree of flexibility is achieved when all the SRS parameters are RRC-configurable, it is better to narrow down the SRS parameters which are flexibly configurable in order to avoid unnecessary signaling. Toward this goal, possible RRC-configurable SRS parameters are discussed below. 
· CS
Even if RAN1 decides that the CS should be used for multiplexing different SRS antenna ports, the CS is useful as a configurable parameter for DCI format 4. 
· Comb

One of two combs is indicated via RRC signaling. Although the multiplexing capability of a comb might be less than that for the CS, the comb could be useful as a configurable parameter for DCI format 4 as long as the comb is not used for multiplexing different SRS antenna ports or different SRS bandwidths among UEs.
· Bandwidth
The parameter of SRS bandwidth should be selected according to the path loss value for each UE. Therefore, this parameter should not be used as a configurable parameter for DCI format 4.
· Position

Given the SRS bandwidth, several patterns for the SRS starting position could be selected. This parameter, however, cannot be used when a wideband SRS is applied. Furthermore, in the case of a narrowband SRS, if UE-specific transmission timing of an aperiodic SRS is configured similar to that for a periodic SRS, shifting the SRS position is not preferable for wideband sounding purposes. Therefore, this parameter might not be useful as a configurable parameter for DCI format 4. 

· Duration/ Frequency hopping bandwidth
This parameter cannot be used as a configurable SRS parameter for DCI format 4.
· Periodicity and offset
This parameter should not be used as a configurable parameter for DCI format 4, even if UE-specific transmission timing of an aperiodic SRS is configured similar to that for a periodic SRS.

From the discussions above, the SRS parameters of the CS and comb can be used as configurable parameters for aperiodic SRS triggering via DCI format 4. Table 1 shows such an example. 
Table 1 – Signaling mapping table for DCI format 4 (assuming 2-bit indicator)
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Proposal 2: 
· CS and comb can be used as configurable parameters for aperiodic SRS triggering via DCI format 4.
2.3. RRC-Configured Aperiodic SRS Parameters among DCI Formats
It was agreed that the signaling for aperiodic SRS triggering is supported by multiple UL DCI formats, i.e., DCI formats 0 and 4. It was also agreed that the number of SRS transmission ports is configured using RRC. However, it is not clear whether or not the number of antenna ports can be configured independent of format 0 and format 4. Hence, this point should be clarified first.

Proposal 3:
· It is necessary to clarify whether or not the number of SRS antenna ports can be configured independent of DCI format 0 and DCI format 4.
As for the other parameters, e.g., comb, CS, it is not necessarily to employ independent SRS parameters for each DCI format since both the UL DCI formats including the PUSCH grant are not used simultaneously. This means that the table for DCI format 0 can be a subset of that for DCI format 4. By doing so, RRC signaling overhead may be reduced. An example of the resultant mapping table for each DCI format is shown in Table 2. In the table, we assume 2-bit indicator for DCI format 4. 
Table 2 – SRS parameters mapping table for each DCI format
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Proposal 4: 
· Signaling mapping table for DCI format 0 should be a subset of that for DCI format 4.
3. Other Remaining Issue for Aperiodic SRS
· DL Grant Trigger [3]-[5] 
Although more triggering opportunities are provided by employing a DL grant trigger, the necessity for aperiodic SRS triggering by the DL grant is not clear at least in FDD. In regard to DCI format 1A, aperiodic SRS triggering is supported because the triggering using DCI format 0 is supported. Since the benefit of DL triggering is unclear, the additional bit(s) for SRS triggering should be RRC-configurable.

4. Conclusion

This contribution discussed the details regarding the main remaining issues for aperiodic SRS. Our conclusion is as follows.
Proposal 1: 
· CS should be the basis for SRS multiplexing of multiple antenna ports.
· CS and/or comb for each antenna port should be implicitly determined on the basis of  SRS antenna port 0 for the simplicity of signaling.
Proposal 2: 
· CS and comb can be used as configurable parameters for aperiodic SRS triggering via DCI format 4.
Proposal 3:
· It is necessary to clarify whether or not the number of SRS antenna ports can be configured independent of DCI format 0 and DCI format 4.
Proposal 4: 
· Signaling mapping table for DCI format 0 should be a subset of that for DCI format 4.
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