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1 Introduction

Dynamic aperiodic sounding reference signal (SRS) has been agreed as an 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 Ran#61bis, we further showed UL performance improvement with multi-shot SRS transmission under narrow-band SRS with frequency hopping scenarios [3].  In this contribution, we compare the UL performance of rank1 multi-antenna transmission with multi-shot SRS with that of single antenna transmission mode with single-shot SRS for UEs at the cell edge.  We also consider the performance of multi-shot SRS in non-consecutive subframes. 
2 Single-antenna vs. Rank-one Multi-antenna Transmission  
One of the questions raised in the last meeting  regarding multi-shot SRS was how the UL performance result with multi-shot SRS compares to single antenna transmission mode for UEs with limited transmit power [4]. To answer the question, we provide some simulations with a 2x2 (Tx/Rx) antenna configuration and 3GPP ETU-3km/h channel model.  Both wideband SRS and narrow-band SRS with frequency hopping are considered. In the case of rank-1 multi-antenna transmission, SRS from different transmit antennas are code division multiplexed (CDM) using different cyclic shifts.  Other simulation parameters are listed in the Appendix. In each configuration, it is assumed that the total transmit power is the same for both SRS and PUSCH, which is the scenario where the UE is power limited.
The UL performance with single-shot SRS has been first simulated under both the transmission modes, namely multiple antenna mode and single antenna mode.  The results are shown in Figure 1. Note that dashed lines represent single antenna configuration and solid lines represent multi-antenna configurations.  It can be seen that the 2x2 (multi-antenna) configuration is almost always better than the 1x2 (single antenna transmission mode) configuration. One exception was with the wideband SRS at SNR below 0 dB, in that case 1x2 configuration has a slightly better performance. When multi-shot SRS is used with a 2x2 antenna configuration, the results are shown in Figure 2. It can be observed that 2x2 configuration with multi-shot SRS provides consistently better performance than that with single-shot SRS with single-antenna transmission mode. 
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Figure 1  UL performance with single antenna transmission mode(1x2)  vs.  rank1 2x2 configuration
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Figure 2  UL performance with single shot 1x2 configuration vs. multi-shot with 2x2 configuration
3 UL Performance with Multi-Shot SRS in Non-consecutive Subframes
Another comment raised in the last meeting was that it may be too optimistic to assume that SRS resources are available in consecutive subframes [4], thus it would be interesting to see whether there are still performance gains with multi-shot SRS vs. single-shot SRS when SRS resources are available in non-consecutive subframes. Some simulations have been performed to investigate the possible degradation of multi-shot SRS in non-consecutive SRS subframes.   The same simulation parameters in [3] were used except that the aperiodic SRS transmissions occur in non-consecutive subframes as shown in Figure 3, where the aperiodic SRS transmissions occur at every three subframes.  


[image: image3]
Figure 3  Multi-shot SRS in non-consecutive SRS subframes
The UL performance results with multi-shot SRS in non-consecutive SRS subframes are shown in Figure 4. It can be seen that performance of multi-shot SRS even in non-consecutive subframes is still improved over single-shot SRS. Gains of about  24%, 18% and 10% are observed for SRS bandwidth of 4, 12, and 48RBs, respectively, at SNR=5dB. The largest gains are achieved for SRS bandwidth of 4RBs.
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Figure 4. UL throughput improvement with multi-shot SRS in non-consecutive subframes in a rank1 2x2 system under ETU 3km/h channel
4 Summary 

Simulations have been done to investigate the UL performance gain with multi-shot SRS over single-antenna transmission mode as well as multi-shot SRS over non-consecutive SRS subframes. The simulation results demonstrate significant throughput gains with multi-shot SRS compared to single-shot SRS even under single-antenna transmission mode and over non-consecutive SRS subframes under low mobility environment.  Thus we propose the following:

Proposal:  Aperiodic sounding with configurable duration should be supported so as to allow for sounding enhancement for power limited UEs and/or frequency selective scheduling with a single PDCCH trigger. Durations of 2 to 4 should be supported.
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6 Appendix
Table 1 Link simulation parameters

	Description
	Settings

	Channel type 
	ETU-3km/h

	Antenna configuration 
	2x2 

	Transmission mode 
	Rank one  CL-MIMO or single-antenna transmission mode

	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 
	10 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
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