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1. Introduction

In this contribution, we discuss the remaining issues for the signaling design for dynamic aperiodic SRS (A-SRS). And we share our views on the DCI format included A-SRS trigger and the details of one-shot A-SRS configuration indicated in UL grant.
2. DCI format for A-SRS Trigger
In RAN1#60bis, it was agreed that A-SRS trigger is included at least in UL grant. However, the exact UL DCI formats to support A-SRS trigger have not been decided yet. In this section, we discuss in which DCI format A-SRS trigger should be introduced.
Because the original motivation for A-SRS is overhead reduction for multiple Tx antenna UEs, it is natural that DCI format 4 (i.e. DCI format for UL-MIMO) supports A-SRS trigger. In addition, the trigger mechanism should be optimized for the most important scenario, and then it should be extended to other DCI formats (if necessary) to speed up the discussions. Thus we propose following:
Proposal:

· DCI format 4 (i.e. DCI format for UL-MIMO) should at least support A-SRS trigger.
· The mechanism of A-SRS trigger should be optimized for DCI format 4, and then be extended to other DCI formats, if necessary.
3. Details of A-SRS configuration

In this section, we clarify which parameter should be signaled in UL grant (i.e. L1 manner) and how many bits are necessary for the efficient support of A-SRS. In order to achieve the efficient trigger of A-SRS, the following items are taken into account:

· Performance improvements for cell-edge UEs

· Higher packing efficiency (i.e. user multiplexing)

· Lower signaling overhead

In the following subsections, we share our views on them.
3.1. Performance Improvements for Cell-Edge UEs
In our companion contribution [2], it is demonstrated that A-SRS with non-wideband transmission is the best technique to improve the cell-edge performance. In addition, because the wider bandwidth transmission of SRS transmission is, generally, more preferable to obtain frequency diversity gain, it is not necessary to update the related parameters (Psrs and srs-Bandwidth) dynamically. Therefore we propose following:
Proposals:

· Flexible bandwidth transmission of A-SRS should be supported as well as wideband transmission.
· The same bandwidth setting mechanism as Rel-8 P-SRS is applied to A-SRS.
· The power offset (Psrs) and bandwidth (srs-Bandwidth) is configured by higher layers.
3.2. Higher Packing Efficiency
In order to achieve the efficient A-SRS transmission, it would be necessary to assign the same A-SRS parameters configured by higher layers to plural UEs (hereafter, we call it “UE group”), and then achieve the orthogonality of assigned A-SRS resources by the L1 parameters between triggered UEs, as shown in Figure 1. 
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Figure 1 Example of UE group
To achieve above requirement, it should be studied whether the following four parameters are appropriate for L1 control:
· cyclic shifts (i.e. code domain orthogonality)
· transmission comb (i.e. frequency domain orthogonality)
· frequency domain position (i.e. frequency domain orthogonality)
· transmission timing (i.e. time domain orthogonality)

Regarding the control of cyclic shifts, the same frequency resource (i.e. position and bandwidth) should, of course, be assigned between the multiplexed UEs to keep the orthogonality. However considering that the srs-Bandwidth is set by higher layers as discussed in the previous section, it would be reasonable to assign cyclic shifts by L1 because the common setting for srs-Bandwidth can be kept within the same UE groups. Therefore, we believe that the L1 control of cyclic shifts would be efficient and reasonable.
Regarding transmissionComb, the perfect orthogonality can be kept between the UEs that are assigned different transmissionComb value even though other parameters such as frequency position or bandwidth are different. If transmissionComb is dynamically configured, frequency position or bandwidth should be configured accordingly in order to keep the orthogonality. Otherwise, the eNB should assign the same value for them and the benefit of IFDM would be completely lost. In addition, because we assume that P-SRS and A-SRS are partitioned by IFDM (of course, this is an implementation matter), it seems that the dynamic control of transmissionComb is not necessary.
The L1 indication of frequency domain position would improve the flexibility of A-SRS assignment. It is no doubt that a larger amount of UEs in the UE group would be preferable because it is easy to pick up the UEs, which buffer is not empty, from the large population. Figure 2 and 3 show the example of making UE groups when only cyclic shifts is available, and both cyclic shifts and frequency domain positon is available, respectively. In this example, the UE group can be reduced from 5 to 2, because the different frequency domain position can be assigned beyond the node of SRS tree. More concretely, the control of frequency doman position would be more beneficial for the 4Tx UE and higher delay spread scenario because only one UE can be multiplexed for one A-SRS resource without the broken orthogonality by cyclic shifts. Therefore, it should be considered that frequency domain position is configured by L1 manner.
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Figure 2 Example of UE group when only CSI can be indicated by L1
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Figure 3 Example of UE group when both CSI and freqDomainPosition can be indicated by L1
For the transmission timing, it would be obviously beneficial that the timing is determined by the transmission timing of UL grant with A-SRS trigger. For the multi-shot case, further discussion would be necessary.
Based on these discussions, we propose the following:

Proposal:
· Cyclic shifts and frequency domain position are determined by L1 manner to improve the packing efficiency of A-SRS.
· transmissionComb is configured by higher layers.
· For one-shot transmission, the transmission timing of A-SRS is determined by only the timing of UL-grant with trigger.
3.3. Lower Signaling Overhead
Following the discussion in the previous section, we discuss the possibility to use the implicit indication of cyclic shifts and frequency domain position because the additional overhead of 3~8 bits would be detrimental, although the full flexible A-SRS resource assignment is attractive.
Regarding the frequency domain position, the hopping mechanism configured by higher layers similar to Rel-8 P-SRS is proposed [3]. This technique would be reasonable in terms of the performance and signaling overhead reduction because the frequency position should be transmitted to cover the whole interested bandwidth, and the transmission order of frequency domain position is not a serious problem. However as discussed in the previous section, the mechanism to avoid the collision between UEs in the same UE group would be important. Therefore, the combination use of hopping function and offset determined by L1 would be the best choice. The mechanism of implicit signalling needs more study.
On the other hand, it is proposed CSI of DMRS is tied to cyclic shift of A-SRS [4]. Although it is beneficial to reduce the overhead on UL-grant, it should be studied more whether it is detrimental to the existing PHICH collision control or not. In our view, this implicit indication would be possible because only 4 cyclic shift values for 2Tx (and 2 for 4Tx case) are valid for the indication of A-SRS. One additional solution would be “multi-shot” because the eNB has only to consider the collision avoidance only once when the UL-grant with trigger is transmitted.
Based on these discussions, only one additional bit in ULgrant to indicate the state “triggered” or “not triggered” would be enough. And our proposals can be summarized as following:
Proposals:

· Only one bit is introduced to DCI format 4 to indicate the states of “triggered” or “not triggered”.
· Frequency hopping mechanism similar to Rel-8 is adopted to determine the frequency domain position implicit manner.
· The related hopping parameters are assigned by higher layers.
· An offset of frequency domain position implicitly signaled by L1 is also used to avoid the collision.
· Cyclic shifts can be indicated in L1 by implicit manner, tied to CSI of DMRS. However, further study is needed whether this mechanism is detrimental to the collision control for PHICH or not.
4. Conclusion

In this contribution, we showed the details of the dynamic aperiodic SRS (A-SRS) configuration parameters and the requirement for DCI format. We propose following:

Proposals:
· DCI format 4 (i.e. DCI format for UL-MIMO) should at least support A-SRS trigger.

· The mechanism of A-SRS trigger should be optimized for DCI format 4, and then extended to other DCI formats, if necessary.
· Flexible bandwidth transmission of A-SRS should be supported as well as wide bandwidth.

· The same bandwidth setting mechanism as Rel-8 P-SRS is applied to A-SRS.
· Only one bit is added in DCI format 4.
· The following parameters are implicitly determined by L1 manner.
· Cyclic shifts
· freqDomainPosition

· The following parameters are configured by higher layers.
· transmissionComb

· Psrs

· srs-Bandwidth
· srs-HoppingBandwidth

· For one-shot transmission, the transmission timing of A-SRS is determined by only the timing of UL-grant with trigger.
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