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1 Introduction

At the RAN1#60 meeting, dynamic aperiodic SRS was agreed in order to improve sounding efficiency to support UL SU MIMO and carrier aggregation.  At the subsequent RAN1#60bis meeting, it was further agreed that triggering of aperiodic sounding would at least be supported using PDCCH UL grants.  Among the items still to be resolved are: 1) further definition of the UL grant signalling (e.g., the number of bits and whether a PUSCH allocation is included in the UL grant), 2) whether additional forms of triggering are supported (e.g., in DL assignments), and 3) the details regarding what exactly is triggered (i.e., the location of the resources and the duration of what is triggered).   

In this contribution, we discuss the ability of multi-shot sounding to improve sounding performance, and consequently, aid frequency-selective scheduling on the uplink for cell-edge UEs. 
2 Multi-Shot Sounding and Frequency-Selective Scheduling
One of the resource options that have been proposed for aperiodic sounding is the partitioning of the Rel-8 resources.  As discussed in [1], the cell-specific resources could easily be partitioned into two sets, with RRC signalling used to configure multiple UEs to use the same set of UE-specific aperiodic resources and each UE transmitting aperiodic SRS within a single subframe only when a supplemental trigger has been received, such as through an uplink grant.  Although such a one-shot trigger could certainly be employed in this scenario, the rationale for imposing such a limitation seems unclear since it could limit the ability to fully exploit frequency-selective scheduling (FSS) for UEs that are experiencing power headroom limitations.  It has been observed in [2] that the performance of UL closed-loop MIMO is sensitive to SRS SNR for PMI/CQI estimation, and degradations have been observed when the SRS SNR is low.  Thus some enhancement on SRS for cell edge UEs in Rel.10 is needed, which is also suggested in [3], [4], and [5].  To improve the accuracy of channel measurement for FSS in UE power-limited situations, there are two obvious approaches.  The first is through narrowband sounding, coupled with frequency hopping to cover a wider effective bandwidth.  The second is through the use of multiple transmissions in order to increase the channel measurement accuracy.  

Although both of these concepts could easily be performed by the eNB scheduler, it would seem to place increased demands on the scheduler and increase the amount of signalling overhead as the scheduler attempts to trigger aperiodic sounding transmissions in the appropriate resources and at the appropriate times.  An attractive alternative is for a single uplink grant to trigger the UE to transmit multiple soundings of an assigned aperiodic hopping pattern, such as the example depicted in Figure 1.  
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Figure 1.  Single Trigger Results in Multiple Aperiodic SRS Transmissions
The increase in PDCCH signalling overhead in such a scenario could be made very small (e.g. a single bit in the UL grant to select between one-shot or multi-shot) or even non-existent when the RRC configuration IE for aperiodic sounding is designed to indicate whether the UE should interpret the trigger as either indicating a single sounding or a single cycle.  Also note that because the sounding duration is restricted and reliably signalled to the UE, the multi-shot sounding in this configuration also shares a similar attractive robustness to control errors that is so often mentioned as one of the key benefits for single-shot triggering (i.e., a single control error has a very short impact on performance).  

Proposal 1:  At least in the case where a partition of the Rel-8 cell-specific resources is used for aperiodic sounding, the duration of the aperiodic sounding should be configurable so as to allow the sounding to cover a wide bandwidth using a single PDCCH trigger.
3 Some Initial Performance Results
To examine the impact of configurable durations on PUSCH performance, link level simulations were performed in order to examine the resulting throughput gain for UEs with limited power headroom.  For these particular simulations, the impact of consecutive wideband SRS transmissions on the performance of rank-one closed-loop transmissions was studied since rank one closed loop transmission is expected to be the dominant mode in this scenario. The 3GPP ETU channel with low antenna correlation, 3km/hr vehicle speed, and fixed rank one transmission is assumed in our simulations, and a 2x2 antenna configuration is considered.  The simulation parameters are summarized in the Appendix.
In the simulation, the PMI and the CQI are estimated from the uplink SRS. The Rel-8 DL rank-1 codebook is used for UL precoding.  The SRS for different transmit antennas are code division multiplexed using different cyclic shifts. Wideband SRS transmission is assumed and an aperiodic SRS transmission burst is triggered every 10ms.   One and two SRS transmissions in each burst are examined.  
The simulations are performed by considering the two different SRS subcarrier power offset (SPO) values of -10 dB and -5 dB relative to that of the PUSCH. The SRS SPO is defined as the difference in the average transmit power per subcarrier between the SRS and the PUSCH.  Let 
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  be the total UE transmit powers for SRS and PUSCH, respectively, and 
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 be the corresponding bandwidths in RBs, respectively.  Then the SRS SPO is defined as 
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where 2 is the repetition factor, 
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 is the number of subcarriers per RB, and 
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 is the number of  transmit antennas.  A negative SPO indicates that the per-subcarrier transmit power of the SRS (from all antennas) is lower than that of the PUSCH.  This typically occurs when a UE is at the cell edge and is power limited, i.e. both 
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 are limited by the maximum total UE transmit power. In this case, the power offset is determined by the SRS and PUSCH bandwidths and is generally negative with wideband SRS configurations. For example, when 
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 =48RBs, and 
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=4RBs, the SRS SPO = - 7.8dB.  
The throughput results are shown in Figure 2.  It can be seen that the UL PUSCH throughput depends on the SRS SPO and that cell edge UEs see a significant gain in throughput from multi-shot sounding as the power headroom limitation is overcome.  For SRS SPO=-10dB, throughput improvements of  about 20%, 10% and 5%  can be seen  at SNR values of 0dB , 5dB and 10dB, respectively.  
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Figure 2. UL Throughput for a 2x2 Antenna Configuration
4 Summary 

In this contribution, we have discussed multi-shot sounding and its ability to improve sounding performance for cell-edge UEs when wide-band sounding is being performed in order to conduct frequency-selective scheduling.  We propose the following:

Proposal 1:  At least in the case where a partition of the Rel-8 cell-specific resources is used for aperiodic sounding, the duration of the aperiodic sounding should be configurable so as to allow the sounding to cover a wide bandwidth using a single PDCCH trigger.
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6 Appendix
Table 1.   Link simulation parameters

	Description
	Settings

	Channel type 
	ETU-3 km/h

	Antenna configuration 
	2x2

	Transmission mode 
	Rank one  CL-MIMO

	Antenna correlation
	Low

	System bandwidth
	10 MHz

	SRS BW 
	48 RBs 

	Cyclic Prefix 
	Normal CP

	Carrier frequency
	2.0 GHz

	SRS  duration
	1 or 2 subframes

	SRS  period 
	10 ms 

	SRS multiplexing 
	CDM 

	PMI/CQI feedback delay
	6 TTIs

	AMC
	Enabled

	HARQ
	Enabled

	Max HARQ retransmissions 
	3

	SRS SNR offset vs. PUSCH 
	-10 ,-5 dB 

	PUSCH BW 
	4 RBs 

	PUSCH scheduling  method
	Frequency Selective

	PUSCH channel estimation
	Known channel
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