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1 Introduction

Dynamic aperiodic sounding reference signal (SRS) has been agreed as a UL sounding enhancement for LTE-A.  In RAN1#61 meeting, it was further agreed that one-shot SRS transmission is supported and  in case of DCI format 0 is used for SRS triggering, size of DCI format 0 remains the same as defined in Rel8 at least in common search space. The following remaining topics were subject to 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 RAN1#61, we showed UL throughput performance gains while using multi-shot wideband SRS [1] for cell edge UEs.  Similar improvements with multi-shot SRS were also reported in [2]. In this contribution, we consider the scenarios where narrow-band SRS with frequency hopping is configured and demonstrate the significant UL performance improvements with multi-shot SRS transmissions under these narrow-band SRS scenarios.
2 Performance Improvement with Multi-shot SRS
Three scenarios of multi-shot SRS transmission with different SRS bandwidth configurations are considered in the simulations, i.e.  (a) repeated wideband sounding as shown in Figure 1(a) , (b) narrow-band SRS with full band sounding  after multi-shot  SRS transmission as shown Figure 1(b), and (c) narrow-band SRS with partial band sounding  after multi-shot  SRS transmission as shown in Figure 1(c). 

In the simulations,  the 3GPP ETU-3km/h channel with low antenna correlation is considered. Fixed rank one transmission is assumed, and a 2x2 (Tx/Rx) antenna configuration is used.  The PMI and the CQI are estimated from the uplink SRS. The SRS for different transmit antennas are code division multiplexed (CDM) using different cyclic shifts. The simulation parameters are summarized in the Appendix.
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Figure 1  Multi-shot SRS transmission scenarios 
The aperiodic SRS arrangement is shown in Figure 2.  SRS durations of one and four are considered in the simulations and frequency hopping is applied over the SRS transmissions.  Frequency selective scheduling (FSS) is  used for PUSCH data.  
The simulations are performed by considering the scenarios where the total transmission power from all antennas of a UE is assumed the same for both PUSCH data and for SRS.  
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Figure 2  SRS with configurable duration used in the simulations

The throughput results are shown in Figure 3. The performance of one-shot (duration=1) aperiodic SRS is compared with four-shot (duration=4) aperiodic SRS with three SRS bandwidth configurations, i.e. 4RBs, 12RBs and 48RBs.   
It can be seen from Figure 3 that  in the one-shot case,  SRS with 48RBs has a better performance at the high-end of SNR due to wideband FSS,  while SRS with 12RBs has a better performance at the low-end of SNR due to higher SRS SNR for better PMI/CQI estimation.  SRS with 4RBs has the worst performance except at very low SNR, where it outperforms that of SRS with 48RBs.    
In all three SRS bandwidth cases, the throughput performance is improved significantly with four-shot SRS transmission.   For the case of SRS with 12RBs, throughput improvements of 43%, 47%, 35% and 28% are observed at SNR =-5dB, 0dB, 5dB and 10dB, respectively. In the case of SRS with 4RBs, throughput improvements of 29%, 28%, 19% and 13% are observed at SNR =-5dB, 0dB, 5dB and 10dB, respectively.  The throughput improvements with four-shot SRS over one-shot SRS transmission are summarized in Table 1.  Note that,  at -5dB SNR, one-shot wideband (48RBs) SRS performs very poorly due to the noisy channel condition and the performance was improved significantly with four-shot SRS. 

Table 1. UL throughput improvements by four-shot SRS over one-shot SRS under different SRS bandwidth configurations.
	
	ETU-3km/h

	SNR (dB)
	SRS BW=4RBs
	SRS BW=12RBs
	SRS BW=48RBs

	-5
	29.86%
	43.01%
	271.07%

	0
	28.09%
	47.45%
	24.06%

	5
	19.47%
	35.12%
	15.88%

	10
	13.67%
	28.39%
	2.89%
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Figure 3. UL throughput  for 2x2 antenna configuration
3 Summary 

The simulation results demonstrate significant throughput gains when multi-shot narrow-band sounding is being performed together with frequency-selective scheduling.  Thus we propose the following:

Proposal:  Durations of 2 and 4 for aperiodic sounding should be supported so as to allow for sounding enhancement for cell-edge UEs and/or frequency selective scheduling with a single PDCCH trigger.
4 References

[1] R1-103071, “Aperiodic SRS with Configurable Duration”, Research In Motion, Montreal, Canada, May 10-14, 2010
[2] R1-103210, “Further discussion on Dynamic Aperiodic SRS”, Sharp, Montreal, Canada, May 10-14, 2010

5 Appendix
Table 2.   Link simulation parameters

	Description
	Settings

	Channel type 
	ETU-3km/h

	Antenna configuration 
	2x2

	Transmission mode 
	Rank one  CL-MIMO

	Antenna correlation
	Low

	System bandwidth
	10 MHz

	SRS BW 
	4/12/48 RBs

	Cyclic Prefix 
	Normal CP

	Carrier frequency
	2.0 GHz

	SRS  duration
	1 or 4 

	SRS  period 
	20 ms 

	SRS multiplexing 
	CDM 

	SRS transmission
	Non-coherent between subframes

	PMI/CQI feedback delay
	6 TTIs

	AMC
	Enabled

	HARQ
	Enabled

	Max HARQ retransmissions 
	3

	PUSCH BW 
	4 RBs 

	PUSCH scheduling  method
	Frequency Selective

	PUSCH channel estimation
	Ideal channel
























































































































































(c) Narrow-band case 2








(b) Narrow-band case 1
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