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1. Introduction

The support of frequency hopping for aperiodic SRS transmission was discussed at the RAN1 #63 meeting and several benefits were described in a number of contributions (see e.g. [1], [2]). In addition performance results were shown in [2] highlighting the benefits of sounding in different parts of the system bandwidth [3]. However, there was no consensus on the introduction of frequency hopping partly due to the unresolved question of whether different sub-bands could be sounded with the current aperiodic transmission procedure. This contribution presents a summary of the motivation and two possible methods of frequency hopping for aperiodic SRS transmission. It is emphasized that the frequency hopping mechanism is useful only if the hopping pattern can be activated by a single trigger.  

2. Frequency Hopping for Aperiodic SRS
Frequency hopping was proposed for aperiodic SRS in order to sound a wide bandwidth without sacrificing the higher channel estimation that can be obtained by sounding a narrower bandwidth given a transmit power constraint. The benefit of sounding smaller bandwidths was also highlighted in [1] for the case where the UE is configured to sound on multi-antenna ports.

Two mechanisms for frequency hopping were described in [1] and reproduced here for convenience. Figure 1 shows one scheme wherein the UE hops according to a predetermined pattern, which is derived from the Rel-8/9 hopping mechanism. In contrast to the Rel-8/9 hopping scheme, each hop is activated by a separate SRS trigger, conveyed in a separate PDCCH. For instance 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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. In the example shown in Figure 1 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 1 Frequency hopped aperiodic SRS transmission with one triggering signal per bandwidth part 

Some limitations of this hopping procedure include:
1. Since the hopping pattern is partly defined by the (UE-specific) SRS transmission number
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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(s) of the hopping bandwidth. This scheduling restriction can be avoided if the UE is triggered once to scan the hopping bandwidth in a sequence of hops. 

2. Increased PDCCH overhead results from scheduling multiple one-shot SRS transmissions over the hopping bandwidth. 
3. It can also be argued that multiple-triggered hopping scheme is partly redundant when aperiodic SRS is triggered in DCI format 4 if the signaled SRS parameter sets 2, 3 and 4 each specify a different frequency domain position.
Given these disadvantages it can be rightly argued that frequency hopping is not necessary for aperiodic SRS transmission because each hop is separately triggered by the eNB, which is somewhat redundant. Moreover when A-SRS is triggered in DCI format 4, up to three different frequency domain positions could be signaled.
Figure 2 shows a different mechanism wherein the UE sounds the hopping bandwidth based on a single trigger. 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. 

· If a trigger is received in subframe n the UE transmits aperiodic SRS in subframe subframes
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Figure 2 Frequency hopped aperiodic SRS transmission with a single trigger 

In contrast to the multiple-triggered mechanism shown in Figure 1 some advantages of the scheme shown in Figure 2 include
· Significant saving in DL control overhead.

· Indication of different frequency domain positions is pre-determined and does not rely on which DCI format conveys the aperiodic SRS trigger.

3. Conclusion

This contribution has shown some benefits of frequency hopping for aperiodic SRS transmission. To avoid scheduler restrictions, increased DL control overhead, and a dependence on the DCI format conveying the aperiodic SRS trigger our view is that 
· Frequency hopping for multi-shot aperiodic SRS transmission is only supported if transmission of the entire hopping sequence can be activated by a single trigger.
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