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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 were 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 [5] that such an approach could lead to a significant loss in PDCCH capacity. This contribution shows a key benefit of multi-shot sounding, namely that the support of frequency hopping for aperiodic SRS transmission is greatly simplified by scanning the hopping bandwidth based on a single SRS trigger.
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 one bandwidth part (subband) and hop across other bandwidth parts. Frequency hopping is even more important in Rel-10 when a UE is configured to sound from multiple transmission ports. This is illustrated by modifying the SRS power control expression for serving cell c in [6] for SRS transmission on P antenna ports 
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. Note that:
· A common path-loss is assumed for all antennas per the RAN1 #62bis agreement and no AGI compensation is considered.
· We have neglected, for simplicity, the maximum power reduction by the PUCCH power for DL CA when c is the PCell. 

Figure 1 shows the distribution of the unconstrained UE SRS transmit power from a single antenna port in a 10MHz system. The simulation parameters are given in the Appendix. Comparing the sounding bandwidths of 24 and 48 PRBs to 12 PRBs may be viewed as equivalent to sounding, respectively, from 2 or 4 antenna ports compared to a single antenna port. There is a reduction of 20% and 40% in the number of UEs that can do full sounding without transmit power limitation. Although this result is a bit idealized because we do not account for improved channel estimation accuracy nor reduced inter-cell interference by applying a non-zero PSRS_OFFSET,c, we believe the trends shown would remain the same for a non-zero PSRS_OFFSET,c. Thus to achieve the benefits of frequency dependent scheduling from high quality channel estimation it is necessary to employ frequency hopping to sound across progressively smaller bandwidth parts as the number of configured SRS antenna ports increases. Moreover, it should be noted that even for cell interior UEs, which have sufficient power for full bandwidth sounding, there is a tradeoff between wideband sounding and SRS multiplexing capacity – one of the original motivations for aperiodic sounding in Rel-10.  

Proposal: Frequency hopping shall be supported for aperiodic SRS transmission in Rel-10 
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Figure 1 CDF of UE transmit power for different sounding bandwidths
Rel-8/9 SRS frequency hopping is enabled/disabled by the higher layer signaled parameters srs-HoppingBandwidth 
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and srs-Bandwidth
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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 2 for a 10MHz system with the configuration parameters

· srs-BandwidthConfig 
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Figure 2 Exemplary Rel-8/9 hopping pattern for 
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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 
[image: image16.wmf]SFC

T

, 
[image: image17.wmf]SFC

D

are the subframe configuration period and subframe offset respectively. The proposed frequency hopping procedure for aperiodic SRS transmission can be described as follows:
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 2. One key difference compared to Rel-8/9 hopping is that each hop is activated by a separate SRS trigger, conveyed in a separate PDCCH. The UE transmits aperiodic SRS in subframe 
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if a positive SRS request is detected in subframe n where
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. Figure 3 shows one example based on the hopping pattern in Figure 2. 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 3 Frequency hopped aperiodic SRS transmission with one triggering signal per bandwidth part 

It is worth highlighting the disadvantages of this scheme:
1. The hopping pattern is defined partly defined by the (UE-specific) SRS transmission number [7]
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As such the eNB must schedule the UE for SRS transmission in restricted subframes in order to span the hopping bandwidth within a reasonable time period. Otherwise, it could occur that two or more irregularly spaced triggers result in sounding the same bandwidth part while missing another part of the hopping bandwidth. It seems much easier to avoid this scheduling restriction if the UE is triggered once for frequency hopped SRS transmission over the hopping bandwidth. 

2. Increased PDCCH overhead results from scheduling a multiple one-shot SRS transmission to sound the hopping bandwidth. 
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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. Alternatively, if a UE-specific SRS period is defined [8] the UE transmits in subframes
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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 2.
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Figure 4 Frequency hopped aperiodic SRS transmission with a single trigger 

3. Conclusion

This contribution has provided justification for frequency hopped aperiodic SRS transmission. We have also shown an efficient method to trigger frequency hopping. We recommend that 

· Frequency hopping shall be supported for aperiodic SRS transmission in Rel-10.

· 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 1 Simulation Assumptions

	Parameters
	Setting

	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

	Power control
	P0_PUSCH = -60, ( = 0.6, PSRS_OFFSET,c = 0

	SRS parameters
	CSRS = 0, BSRS = {0, 1, 2, 3}
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