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1. Introduction
In [1], we assume a general case for the aperiodic SRS transmission and classify the situations for the aperiodic one-shot SRS transmission and the aperiodic multiple-shot SRS transmission, respectively. Also, through the simulation, in terms of a given user’s throughput and average cell throughput, we could see that the multiple-shot SRS may bring degradation on the performance compared with the one-shot SRS transmission.

In this contribution, we propose a ‘holding scheme’ for the aperiodic one-shot SRS transmission and a signaling method, which is used to hold the other users’ periodic SRS transmissions configured by cell-specific SRS parameters. An eNB could allocate a given user those empty resources which become available by holding the periodic transmissions of other users. We analyze how effective this scheme would be by simulations and present the results.
2. One-shot Aperiodic SRS & Holding Scheme

[image: image1]
For the aperiodic 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. We simulate and show cell-throughput comparison results from the aperiodic one-shot SRS with ‘holding scheme’ and from the aperiodic multiple-shot SRS.
3. Signaling Aspect
As described in [2], there could be significant collisions between the aperiodic SRS and the periodic SRS or PUSCH data symbol if we don’t have any signaling which would prevent that collision. In [2], Fig.2 and Fig.3 show the examples of possible collisions and the ‘holding scheme’ as a solution to address this collision.

We could transmit ‘holding indicator’ by UL grant or new format such as 3/3A as below
3.1. UL Grant
As mentioned above, we could use available code points in the DCI format 0 RA (resource allocation) field as an implicit signaling. If a user receives DCI format 0 which contains a different range of RA field (5050 ~ 8190 code points), it could recognize that this DCI format includes aperiodic SRS information, and could try to decode other fields which may not directly related to UL grant information (such as FH field, aperiodic CQI field, etc.) to obtain necessary information on the aperiodic SRS. After secured necessary information on the aperiodic SRS, the user holds a specific location within the whole band, which is indicated through RA field (5050~8190 code points). Here, the symbol position which is supposed to be reserved – thus, held - for the aperiodic SRS transmission could be set by RRC or fixed depending on the aperiodic SRS scheme. 
We could send ‘holding information’ to multiple users at the same time so that PDCCH overhead and blind decoding would not increase. On the other hand, we could use simple fixed code point as with SPS, “1111111111111”. Namely, an eNB could set holding code point as “1111111111110” in DCI format 0 RA field when it wants a certain user to hold a PUSCH symbol or to hold the periodic SRS transmission to avoid collision with the aperiodic SRS.
3.2. New DCI Format such as Format 3/3A
In [3], using New DCI format similar to PDCCH Format 3A signaled via common search space is already mentioned. With this format, an eNB could control multiple users simultaneously in one DCI format effectively since this format could support up to 32/16 users [4]. Simply, we could reuse a DCI format such as DCI format 3/3A for the signaling of ‘holding information’. If this format is used, an eNB could send simultaneously a ‘holding indication’ bit(s) to multiple users.
4. Simulation
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Fig.2 UE Throughput for the aperiodic one-shot with ‘holding’ and for the aperiodic multiple-shot
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. 
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.2 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%.

[image: image3.emf]-5 0 5 10

25

30

35

40

45

50

55

Cell Throughput,BW=20MHz(80RBs),CE from P-SRS(<Tc)=80%,A-SRS freq.=1/10

SNR[dB]

Throughput[Mbps]

 

 

One-shot,Ava.Resource=20%

One-shot,Ava.Resource=10%

One-shot,Ava.Resource=5%

Multi-shot,Ava.Resource=20%

Multi-shot,Ava.Resource=10%

Multi-shot,Ava.Resource=5%


Fig.3 Cell Throughput for aperiodic one-shot with ‘holding’ and aperiodic multiple-shot
Fig.3 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.2 and Fig.3, 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 present the aperiodic one-shot SRS transmission with ‘holding scheme’ and a signaling method for it.

To see the impact from this ‘holding scheme’, we measured the UE throughput and the cell throughput, and compare the performance of the aperiodic one-shot SRS transmission with ‘holding scheme’ and the aperiodic multiple-shot SRS transmission. Based on the simulation results, we propose that the aperiodic one-shot SRS transmission with ‘holding scheme’ is to be considered as the only aperiodic SRS transmission scheme for Rel-10.
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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.1 Example of the aperiodic one shot SRS with ‘holding’ periodic SRS
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