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1. Introduction
The study and evaluation item for enhancement uplink transmission has three reference signal topics as follows

· Frequency hopping with or without multi-shot SRS
· Aperiodic sounding based on non-precoded DMRS
· RS enhancement for cell-edge UEs, e.g., Orthogonal DMRS among cells
In this contribution, we provide our point of view on the first frequency hopping issue.
2. Discussion
Frequency hopping supports sounding via whole system band with narrow band SRS transmissions and it also supports SRS multiplexing among UEs. Freqeuncy hopping also valid to provide reliable sounding for power-limited UE. And due to the expectation that the same profits could be achieved in aperodic SRS transmission, freqeuncy hoppoing in aperiodic sounding has been discussed but it has been agreed to allow only a single shot SRS transmission. Considering the enhancement in Rel-11, we discussed the nececity and requirements of frequency hopping with multi-shot in ASRS transmission.
2.1. Considerations of frequency hopping SRS
To support more flexible SRS resource management and to provide accurate uplink channel information, which would be necessary in advanced uplink/downlink transmission schemes, aperodic SRS was agreed in Rel-10. Within the discussion, we observed two alternatives, one shot aperiodic SRS or multi-shot aperiodic SRS, and only one shot aperiodic SRS is included in Rel-10. According to the related discussion, parameters to be used for aperiodic SRS transmission would be defined in several sets via RRC, and one of the parameters sets would be selected by PDCCH. Though several parameters sets could be defined by RRC, since just 1 bit is allowed in UL grant via DCI format 0 or in downlink grant, it seems questionable whether one shot aperiodic SRS can be an efficient reference signal in various network configurations or in some UE deployment scenarios. 
Though not finally accepted in Rel-10, during the discussion, it has been shown that frequency hopping with multi-shot is valuable when it is difficult to transmit wideband sounding reference signal. When the UE is geometrically located far from the eNB and/or the UE is configured with multiple antennas for UL transmission, since the transmission power is limited, the UE cannot avoid transmitting a narrow band aperiodic SRS. If one shot aperiodic SRS is used for this power-limited UE, and the bandwidth of sounding is not wide enough to acquire reliable channel information, UE would be required to send aperiodic SRS multiple times with different aperiodic SRS parameters set. However, as discussed above, the number of parameters sets can be indicated by UL grant or DL grant would not sufficient to indicate multiple sounding frequency band. Thus, if power-limited uplink transmission should be frequently supported, frequency hopping with multi-shot could be an alternative [3][4].
2.2. SRS enhancements in Rel-11
We would better to consider the Rel-11 CoMP(Coordinated Multi-Point transmission) condition and SRS transmission environments in carrier aggregation, and we would be required to confirm what is required for SRS to cover the enhancements. Since the main purposes of CoMP are to extend the coverage of high data rates and to increase cell-edge throughput, to support UL CoMP or to support DL CoMP in TDD system, the coverage extension of sounding becomes important specification issue. Additionally, based on the evaluation of CoMP simulation, the CoMP performance is highly dependant on the accuracy of channel estimation[5]. Considering the CoMP scenario shown in figure 1, since CoMP UE could be power-limited, it could be a better choice to transmit narrow band sounding reference signal multiple times than to send a wide band reference signal once to acquire reliable channel information. 
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<Figure 1> the UE’s SRS transmission in CoMP

In the end Rel-10, in CA, it is agreed that SRS at each CC can be simultaneously transmitted. When the UE’s transmission power is not enough to send multiple SRS simultaneously at required power level, the transmission power of SRS could be scaled according to the available transmission power. Figure 2 shows the scale down of SRS power when the total SRS power on multiple CCs would exceed available transmission power [6]. In this case, the channel estimation accuracy achieved by power scaled SRS would be lower than the accuracy expected by eNB. However, as shown in figure 2, by sending aperiodic SRS twice, the channel estimation accuracy could be guaranteed. 

[image: image2.emf]CC1

CC2

Required SRS power

Scaled SRS power

Required SRS power

Scaled SRS power

Power shortage

Power shortage

Power

Power

CC1

CC2

Required SRS power

Required SRS power

Power

Power

CC1 CC2

Required SRS power

Required SRS power

Power

Power


<Figure 2> SRS power scaling in simultaneous SRS transmission and SRS multiple transmission
3. Conclusion
Though it has been discussed for a long period in aperiodic soudning session whether to support frequency hopping with multi-shot or not, considering the new Rel-11 scenarios induced by CoMP and CA, e.g. SRS transmission from the coorinated cell UE, simultaneous SRS transmission, it would be resonable to add additional functionality of frequency hopping with multi-shot in ASRS transmission. The adaptation would utilize narrow band SRS transmissions and it would provides more chance to achieve accurate channel information. Therfore, we endorse adding functionality of frequency hopping with multi-shot in Rel-11 SRS, and in case of multi-shot SRS transmission, the complexity of scheduling could be reduced if we follow the Rel-8/9 SRS hopping rule with restricted aperiodic SRS subframes.
Proposal 

· We support to accept functionality of frequency hopping with multi-shot in Rel-11 SRS.
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