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1. Introduction

Aperiodic sounding shall be introduced in Rel-10 for efficient management of sounding resources given the more stringent Rel-10 requirements of a greater number of RRC connected users, and the support of multi-antenna transmission per user.  While one-shot sounding in response to a positive SRS request has been agreed by RAN1 there has been an ongoing technical debate in the past few RAN1 meetings over the benefits of multi-shot sounding. Several benefits of multi-shot sounding have been described (see e.g. [1] - [3]), and link level performance results illustrating gains in coverage for cell edge UEs have been shown in [3], [4]. One argument against multi-shot sounding is that a sequence of single-shot SRS transmissions provides the same benefits of multi-shot sounding with the added benefit of more flexibility. However, it was shown in [4] that such an approach could lead to a significant loss in PDCCH capacity. 

The aim of this contribution is twofold: we show that support of frequency hopping for aperiodic SRS transmission is greatly simplified by an aperiodic multi-shot SRS configuration. Secondly, we present coverage enhancement benefits through system level evaluation.
2. Support of Frequency Hopping

A use case for frequency hopped SRS transmission in Rel-8/9 arises for low to moderate UL SINR wherein the UE’s transmit power spectral density cannot support high quality channel estimation for full bandwidth sounding. As such, the UE is configured to sound in a bandwidth part and hop across other bandwidth parts. This feature is more critical in Rel-10 because frequency dependent scheduling, which is aided by wideband sounding, is more beneficial for UEs configured for UL MIMO transmission. It should be noted that a UE with high UL SINR may still be configured for frequency hopped SRS transmission because full bandwidth sounding reduces the SRS multiplexing capacity. Given these use cases, it should be clear that frequency hopping is also applicable for aperiodic SRS transmission. 

Rel-8 SRS frequency hopping is enabled/disabled by the higher layer signaled parameters srs-HoppingBandwidth 
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. The SRS resource allocation and frequency hopping procedure is based on a tree structure [7], which simplifies signaling of SRS resource assignments. An exemplary hopping pattern is illustrated in Figure 1 for a 10MHz system with the following configuration parameters

· srs-BandwidthConfig 
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A similar procedure can be followed for frequency hopped aperiodic SRS transmission in Rel-10. Note that periodic/aperiodic sounding shall only be transmitted in cell-specific sounding subframes i.e. subframes satisfying 
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where 
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is the slot index within a radio frame and 
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are the subframe configuration period and subframe offset respectively. The proposed frequency hopping procedure for aperiodic SRS transmission can be described as follows:
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Figure 1 Exemplary Rel-8/9 hopping pattern for 
[image: image12.wmf]50

UL

RB

N

=

and 
[image: image13.wmf]2,3,1,2

SRSRRChopSRS

CnbB

====


Resource Allocation

For frequency hopping the UE shall be configured via RRC signaling with the following aperiodic SRS parameters

· Aperiodic-srs-Bandwidth,
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· Aperiodic-srs-HoppingBandwidth,
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· Aperiodic-frequencyDomainPosition,
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Scheme 1: Single Shot Aperiodic SRS Transmission

In this method the UE hops according to the same predetermined pattern shown in Figure 1. The difference is that each hop is activated by a separate SRS trigger, each conveyed in a separate PDCCH. 

The UE transmits aperiodic SRS in subframe 
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 given a triggering signal in subframe n where
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. Figure 2 shows one example based on the hopping pattern in Figure 1. In this example the time period between hops is set to 5 ms purely for ease of illustration. The UE hops to the next bandwidth part determined by the hopping pattern each time a trigger is received. 
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Figure 2 Frequency hopped aperiodic SRS transmission with one triggering signal per bandwidth part 

It is worth reiterating the disadvantages of this approach, including

1. This approach introduces SRS scheduling restriction at the eNB since the UE sequentially follows the hopping pattern irrespective of the regularity, or otherwise, of the triggering signals. Note that this limitation is completely avoided if the UE is configured to sound over the entire hopping period in response to a single trigger.
2. Increased PDCCH overhead: since sounding is required over a configured hopping bandwidth the signaling overhead of multiple triggers, each activating a one-shot SRS transmission, may be avoided by triggering a UE for multi-shot aperiodic sounding where each sounding instance corresponds to a single hop.

Scheme 2: Multi-shot Aperiodic SRS Transmission

The procedure is as follows:

· The UE is higher-layer configured with a parameter
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which defines the multi-shot sounding duration. Note that this duration may be less than or equal to the frequency hopping period specified by the hopping procedure in [7].

· If a trigger is received in subframe n the UE transmits aperiodic SRS in subframe 
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where k is the minimum positive integer that satisfies 
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· Otherwise, the UE does not transmit aperiodic SRS.   

Figure 4 shows the hopping sequence based on the hopping parameters given in Figure 1.
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Figure 4 Frequency hopped aperiodic SRS transmission with a single trigger 

3. Coverage Enhancement

A preliminary link level investigation of the maximum achievable gain of 2-shot sounding was carried out in [6]. It was shown in [6] that a power limited UE sounding over a 20 MHz bandwidth, while transmitting PUSCH over 4 PRBs would result in, at best, 10% throughput gain. This was shown for a 3dB boost in the SNR of SRS due to 2-shot sounding. In this section we take a similar, but slightly different, approach at the system level to investigate coverage enhancement due to 2-shot sounding. The procedure is outlined below while Table 2 of the Appendix describes the simulation parameters:

· For a given P0_PUSCH set PSRS_OFFSET to zero when computing the SRS power PSRS.

· For a given UE the sounding bandwidth is computed as the maximum number of PRBs that the UE can support subject to the power constraint PCMAX. The priority here is on maximizing the sounding bandwidth. 

· The PRBs outside the UE’s sounding bandwidth constitute a zero-CQI region.

· If the eNB schedules a UE within its zero-CQI region, the UE is scheduled with the lowest MCS index for the corresponding PRB allocation. 
· Similarly to [6] the gain of 2-shot sounding is modeled as a boost in the SINR of the SRS transmission.
Preliminary performance results are shown in Table 1 for the 3GPP Urban Macro channel (Case 1) for 2x2 and 2x4 antenna configurations. It can be seen for the 2x2 (2x4) case that 30% (29%) gain is achieved for cell edge while ~6% (8.5%) gain is achieved for cell average respectively. This makes sense since the benefits of 2-shot sounding for a slowly fading channel is more pronounced for coverage limited UEs. Although these results are preliminary they show the significant benefits that are offered by multi-shot sounding.
Table 1 Performance comparison for 1-shot versus 2-shot
	Minimum technical requirements item
	Antenna Configuration
	1-shot
	2-shot
	Gain of 2-shot

	Cell average spectral efficiency(bps/Hz)
	2x2
	1.4013
	1.4887
	6.2%

	
	2x4
	2.1409
	2.3236
	8.5%

	Cell edge spectral efficiency(bps/Hz)
	2x2
	0.0277
	0.0362
	30.7%

	
	2x4
	0.0486
	0.0629
	29.4%


4. Conclusion

This contribution has shown an efficient method to enable frequency hopped aperiodic SRS transmissions through a single trigger activating sounding over a configured hopping sequence. We also presented system simulation results that show significant cell edge improvement for 2-shot sounding over 1-shot sounding. Therefore we recommend that 

· Multi-shot sounding is agreed for Rel-10 aperiodic SRS transmission to

· Enable frequency hopped aperiodic SRS transmissions, and

· Coverage enhancement for cell edge UEs
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Appendix
Table 2 Simulation Assumptions

	Parameters
	Setting

	Duplex method
	FDD

	Deployment scenario
	3GPP Case 1

	Channel model
	SCM UMa

	Cell layout
	Hexagonal grid, 19 sites, 3 cells per site, wraparound

	System load
	Average 10 UEs per cell with full-buffer traffic

	System bandwidth
	10MHz

	eNB antenna configuration
	Co-polarized antennas with 4( spacing

	Antenna tilt
	3D, 15 degrees downtilt

	UE antenna configuration
	2 co-polarized antennas with ½ ( spacing

	Uplink scheduler
	Proportional fair, channel dependent scheduling in frequency domain

	Power control
	P0_PUSCH = -60, alpha = 0.6, Target IoT < 10 dB

	Feedback delay
	6ms

	MIMO receiver
	Linear MMSE with IRC

	Uplink transmission scheme
	SU-MIMO: 2x2, 2x4

	HARQ scheme
	Chase combining,  maximum 4 transmissions

	Uplink link adaptation 
	Non-ideal, based on delayed SRS-based measurements. MCSs based on LTE transport formats [36.213]

	SRS configuration
	10ms SRS periodicity. UE sounding bandwidth is the maximum allowable under PCMAX constraint

	Channel estimation
	Ideal for demodulation, CQI models power differential between PUSCH and SRS transmissions
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