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1 Introduction

In RAN#51, it is proposed to study and evaluate the enhancement of uplink reference signals, and one of the candidates is frequency hopping and multi-shot aperiodic SRS for aperiodic SRS enhancement.
In this contribution, we analyze the advantages and disadvantages of frequency hopping and multi-shot aperiodic SRS, and finally draw our conclusion.
2 Discussion

Frequency hopping and multi-shot SRS are characteristics of type 0 SRS. Application of frequency hopping and multi-shot SRS can get reliable channel state information of wide bandwidth with less signaling.
Both of type 0 SRS and aperiodic SRS are for accurate sounding of the channel state information. They are the same in the essence, so making full use of design principle of type 0 SRS is quite reasonable when design the aperiodic SRS, especially when frequency hopping and multi-shot SRS have been supported by the specifications. In recent R10 specifications, type 0 and aperiodic SRS share the same parameters set, consequently, frequency hopping and multi-shot A-SRS can be supported by just enable the respective parameters.
Opponents of frequency hopping and multi-shot A-SRS have proposed that these two characteristics need to allocate the resource in the future, which is not that reasonable. However, to our best knowledge, type 0 SRS also needs resource allocation in the future, and it has been well supported by the specifications. At the same time, if frequency hopping and multi-shot A-SRS is supported, the number of A-SRS transmissions “N” according to one triggering can be configured, so the parameter “N” can be configured to 1 for backward compatibility. So here comes our proposal:
Proposal 1: Frequency hopping and muti-shot SRS are supported for aperiodic SRS.

For multi-shot SRS, there can be two kinds of methods. One of them is to set a parameter “N” corresponding to a triggering, which is the same as the parameter “duration” for type 0 SRS and can be configure by higher layers. Another method is by the higher layer signaling to enable the A-SRS or disable the A-SRS. If the A-SRS has been enabled, it will always transmit the aperiodic SRS until receiving the disable signaling. The disadvantage of the second method is the unreliable robustness, that is, if the disabling signaling is missed or decoded incorrectly, the A-SRS transmission will last all the time, which will lead to large unnecessary resource waste.
Proposal 2: Configure a parameter “N” corresponding to the A-SRS transmission number according to a triggering.

Frequency hopping is mainly for wideband channel state information measurement with multiple narrow band sounding. Multi-shot SRS can not only serve for frequency, but also can make the channel state information more reliable with time diversity. The parameter “N” should be configured carefully. If “N” is too large, there will be sounding resource waste; if “N” is too small, the measurement of channel state information may be not quite accurate. So we propose that “N” is decided according to the following equation:
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 is the SRS transmission number for each individual bandwidth, which is mainly for the time diversity gain. The 
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 can be 1, 2 and so on, which is the tradeoff of performance and resource allocation.
The aperiodic SRS frequency hopping pattern can be defined as the same as that for type 0 SRS for less standardization work.

Proposal 3: The parameter “N” is defined by the following equation:
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3 Conclusion

In this contribution, we analyzed the advantages and disadvantages of frequency hopping and multi-shot SRS, and our proposals are as follows:
Proposal 1: Frequency hopping and muti-shot SRS are supported for aperiodic SRS.

Proposal 2: Configure a parameter “N” corresponding to the A-SRS transmission number according to a triggering.

Proposal 3: The parameter “N” is defined by the following equation:
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