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1. Introduction
In this contribution, we summarize aperiodic SRS discussion points from aperiodic SRS scenario to possible solutions in terms of aperiodic SRS duration. We mention basic wide-band one-shot SRS scheme and narrow-band multiple-shot SRS scheme and compare their cons and pros. And then we investigate supplemental schemes for each.
We simulate and compare each solution. And based on the results, we recommend that wide-band one-shot SRS transmission with ‘holding scheme’ should be considered further in RAN1.
2. Aperiodic SRS
2.1. Aperiodic SRS scenario
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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.
2.2. Aperiodic SRS bandwidth & duration
In Fig.2, the left figure shows an example of wide-band one-shot SRS transmission. In general, one-shot SRS transmission covers wider bandwidth than multiple-shot SRS, because one-shot SRS should cover as wide bandwidth as possible to decrease PDCCH overhead. On the contrary, multiple-shot SRS transmission could be applied through narrower bandwidth than one-shot SRS transmission because multiple-shot SRS transmission would be more effective with power limited case. Multiple-shot SRS transmission could transmit SRS several times controlled by a timer, for example, such as ‘Multiple-shot timer N= 3’ as in Fig.3.
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2.3. Advantages and Disadvantages of each SRS solution
2.3.1. Wide-band one-shot SRS

	Advantage
	Disadvantage

	· properly rapid scheduling within coherent time

· close to meet UL Qos by optimized scheduling
	· resource management issue due to collision between periodic and aperiodic SRS resources
· issue for power limited case


2.3.2. Narrow-band multiple-shot SRS

	Advantage
	Disadvantage

	· SRS signal reliability for power limited case

	· hard to schedule resources within coherent time
· hard to meet UL Qos

· resource management issue 


3. Supplemental aperiodic SRS scheme
In section 2, we mentioned basic scheme for wide-band one-shot SRS scheme and narrow-band multiple-shot SRS scheme and also combination of these two schemes. In section 3, we mention supplemental schemes which have been discussed so far to cover disadvantages of each wide-band one-shot SRS scheme and narrow-band multiple-shot SRS scheme.

3.1. Wide-band one-shot aperiodic SRS with resource management
Following schemes are mentioned so far to cover original wide-band one-shot SRS transmission scheme.

a) wide-band one-shot SRS transmission with ‘holding scheme’
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For the wide-band one-shot SRS transmission, to facilitate the allocation of available empty resources, we suggest the ‘holding scheme’, which would hold or suspend the other users’ periodic SRS transmissions configured by cell-specific SRS parameters. With this ‘holding’, in the point of long term average throughput, the overall cell performance would not be affected since the aperiodic SRS would be transmitted in a certain subframe only when it is needed. In section 4, simulations show cell-throughput comparison results from the aperiodic one-shot SRS with ‘holding scheme’ and from the aperiodic multiple-shot SRS.

In addition, this scheme still has an issue for legacy impact, because legacy users do not understand ‘holding scheme’ while their SRS transmission is on. However, eNB could manage this problem and moreover, even if there are some legacy users located in subframe which aperiodic wide-band one-shot SRS is transmitted on, the impact would be trivial.
b) Resource management for aperiodic SRS resource
To avoid collision problem, there are two ways we have discussed. The first one is separating resources between periodic SRS resources and aperiodic SRS resources in advance. For example, if a cell-specific parameter, SRS subframe, is on every odd subframe in a radio frame, eNB could assign first two odd subframes in a radio frame to aperiodic SRS transmission and the remaining subframes to periodic SRS transmission. Then there would be no collision between periodic SRS transmission and aperiodic SRS transmission.

Also, there is another way to avoid collision, where eNB waits for available empty resources to assign them to aperiodic wide-band one-shot SRS. However, it would be hard to avoid possible latency or delay problem.
c) Assigned SRS BW

To overcome power limited case, assigning aperiodic wide-band one-shot SRS BW has been discussed. It could be reasonable solution, if the information of SRS BW does not increase PDCCH overhead or signaling overhead.
3.2. Narrow-band multiple-shot aperiodic SRS with resource management
Following schemes are mentioned to cover original narrow-band multiple-shot SRS transmission scheme.

a) Resource management

As with the wide-band SRS case, there are two ways mentioned so far. The first one is separating resources between periodic SRS resources and aperiodic SRS resources in advance. For example, if a cell-specific parameter, SRS subframe, is on every odd subframe in a radio frame, eNB could assign first two odd subframes in a radio frame to aperiodic SRS transmission and the remaining subframes to periodic SRS transmission. Then there would be no collision between periodic SRS transmission and aperiodic SRS transmission.

Also, there is another way to avoid collision, where eNB waits for available empty resources to assign them to aperiodic wide-band one-shot SRS. However, it would be hard to avoid possible latency or delay problem.
b) SRS frequency hopping

Different from one-shot SRS scheme, multiple-shot SRS is triggered by one PDCCH and transmitted multiple times by timer-based parameter. At this point, the information of SRS BW which would be needed for next aperiodic SRS transmission after the first aperiodic SRS transmission should be set.
There is a way to transmit aperiodic multiple-shot SRS transmission after the first aperiodic multiple-shot SRS transmission. That is following existing frequency hopping rule in LTE, then there may not need a new SRS BW for aperiodic narrow-band multiple-shot SRS transmission.
4. Simulation

In this section, we show the UE throughput of the aperiodic one-shot SRS with ‘holding scheme’ and that of the aperiodic multiple-shot SRS, respectively, and how much those users who suspend their periodic SRS transmission are affected by ‘holding scheme’ and also how much this scheme affect average cell throughput. 
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Fig.4 UE Throughput for the aperiodic one-shot with ‘holding’ and for the aperiodic multiple-shot
We assume 80% of the channel of a user, who would transmit the aperiodic SRS, could be measured (within Tc, the coherent time, and this ratio depends on UE velocity, the number of UE in a cell, and the number of configured SRS subframes in a radio frame) from the periodic SRS transmission and also assume that there are no reserved or separate resources dedicated for the aperiodic SRS transmission, that is, the aperiodic SRS transmission could also use all the available resources in the periodic SRS configuration.

Fig.4 shows the UE throughput comparison of the aperiodic one-shot SRS transmission with ‘holding scheme’ and the multiple-shot SRS transmission according to the available resources ranging from 5% to 20%.
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Fig.5 Cell Throughput for aperiodic one-shot with ‘holding’ and aperiodic multiple-shot
Fig.5 shows the cell throughput comparison of the aperiodic SRS transmission with ‘holding scheme’ and the multiple-shot SRS transmission. We could see that there is no performance difference between aperiodic one-shot SRS and multiple-shot SRS in terms of the cell throughput.

In Fig.4 and Fig.5, we observe that the aperiodic one-shot SRS transmission gives better performance in terms of the UE throughput, while the impact on the cell throughput with the ‘holding scheme’ is negligible.
5. Conclusion
In this contribution, we summarize aperiodic SRS discussion points from aperiodic SRS scenario to possible solutions in terms of aperiodic SRS duration. We mention basic wide-band one-shot SRS scheme and narrow-band multiple-shot SRS scheme and compare their advantaged and disadvantages. And then we investigate supplemental schemes for each.

We simulate and compare each solution and, based on the results, we recommend that wide-band one-shot SRS transmission with ‘holding scheme’ should be considered further in RAN1.
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Appendix
Table 1 Simulation parameters

	Description
	Settings

	Channel model
	ITU urban macro(Inter-site = 0.5km)

	CP
	Normal CP

	System bandwidth
	20 MHz

	SRS BW
	80 RBs 

	SRS SNR offset vs. PUSCH
	0dB

	SRS periodicity
	1ms

	PUSCH scheduling method
	Max SNR

	Scheduling BW unit
	4RBs

	PUSCH channel estimation
	Perfect channel estimation

	Aperiodic SRS
	One-shot/Multi-shot

	Antenna configuration
	SISO
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Fig.3 Example of the aperiodic one shot SRS with ‘holding’ periodic SRS
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Fig.2 Example of wide-band one-shot SRS and narrow-band multiple-shot SRS
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Fig.1 Example of dynamic aperiodic SRS
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