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1. Introduction
RAN1 has agreed on the support of aperiodic SRS for more effective SRS transmission at the last #61 Montreal meeting as below:

Agreements
· One-shot SRS transmission is supported.

· In case DCI format 0 is used for SRS triggering, size of DCI format 0 remains the same as defined in Rel-8 at least in common search space

· Continue email discussion until RAN1#61bis

· Support of other SRS durations is FFS 

· Resources used for aperiodic SRS

· Support of aperiodic triggering by DL grant?

· In case of UL triggering, allow triggering without PUSCH grant?

· Support of group triggering

In this contribution, we focus on the support of other SRS duration, that is, aperiodic multiple-shot SRS. Firstly, we assume general cases for aperiodic SRS transmission and secondly classify the situation for aperiodic one-shot SRS transmission and for aperiodic multiple-shot SRS transmission, respectively. We simulate each case and compare the throughput of each.
2. A Scenario for Aperiodic SRS Transmission

[image: image1]
Fig.1 shows a scenario for aperiodic SRS transmission with UL buffer status. This figure implies that a user who has rather longer periodicity of periodic SRS transmission could have data transmission delay problem or completing data transmission in a given time. Therefore, those users in the above situation need to transmit aperiodic SRS between periodic SRS transmissions to process the whole amount of data piled up in the UL buffer [1]. In this point of view, if a UE wants to transmit data at a certain rate so that it could transmit the whole data piled in the UL buffer in the given time, the eNB would need to schedule data resources to this UE properly in time. Therefore, the UE needs to transmit SRS frequently and also widely enough to let eNB estimate the UL channel and then schedule proper resources.
2.1. Multiple –Shot Aperiodic SRS Transmission Scheme

[image: image2]
Fig.2 shows a dynamic aperiodic multiple-shot SRS transmission with the UL buffer. In this figure, a periodic SRS transmission and an aperiodic multiple-shot SRS transmission are shown together within a given system BW and with a given periodicity. If aperiodic multiple-shot SRS could transmit over the whole system BW within coherent time so that eNB could schedule proper resources to a given user, then the throughput of a given user by the aperiodic multiple-shot SRS transmission might be similar to that by the aperiodic one-shot SRS transmission. However, as in Fig.2, it could be difficult to find available resources to transmit aperiodic multiple-shot SRS transmission within a coherent time. This would mean that it would be hard for an eNB to estimate the whole system BW within a coherent time and also schedule proper resources to a given user within that time. This limitation could bring performance degradation in terms of throughput or peak data rate.
2.2. One-Shot Aperiodic SRS Transmission Scheme

[image: image3]
Fig.3 shows a dynamic aperiodic one-shot SRS transmission with an UL buffer. In case of the aperiodic one-shot SRS transmission, the whole BW would be covered always within the coherent time. Therefore, whenever each user sends an aperiodic SRS, the eNB could get channel estimation for the whole BW and then schedule the proper resources to the user. This would mean that each user could transmit data piled up in its UL buffer at the appropriate or peak data rate.
3. Simulation
In this section, we measure the channel estimation ratio from the multiple-shot SRS transmission. The channel estimation ratio is defined as the ratio of the measured/estimated channel BW against the total channel BW. In this simulation, we assume 80% of a user’s channel could be measured from the periodic SRS transmission (within Tc, the coherent time, and this ratio depends on UE velocity, the number of UEs in a cell, and the number of configured SRS subframes in a radio frame), and also assume that there are no reserved or separate resources dedicated to the aperiodic SRS transmission, that is, the aperiodic SRS transmission could use all the available resources in the periodic SRS configuration.
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Fig.4 Cumulative Channel Estimation by multiple-shot SRS 

Based on the result, we could see that the multiple-shot SRS transmission would require quite a few subframes to measure the whole channel, which may bring certain performance issue for those users directed to use the aperiodic SRS to meet their needs. 
4. Conclusion
In this contribution, we assume the general cases for the aperiodic SRS transmission and classify the situations for the aperiodic one-shot SRS transmission and the aperiodic multiple-shot SRS transmission. Based on the simulation result, in terms of the channel estimation ratio, the aperiodic multiple-shot SRS transmission requires quite a few subframes to measure/estimate the whole channel BW, which may bring certain performance issue, while one-shot SRS obviously enables an eNB to get the whole channel information within a subframe.
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Appendix
Table 1 Simulation parameters

	Description
	Settings

	System bandwidth
	20 MHz

	SRS BW
	80 RBs 

	SRS periodicity
	1ms

	Periodic SRS configuration (∆SFC)
	{0,1,2,3,4,5,6,8}

	SRS BW unit
	4RBs

	Aperiodic SRS
	Multiple-shot
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Fig.3 Example of dynamic aperiodic one-shot SRS
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Fig.2 Example of dynamic aperiodic multiple-shot SRS





Aperiodic


multiple-shot SRS





Periodic SRS





UL Buffer





f





t








Fig.1 Example of dynamic aperiodic SRS
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