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1. Introduction

The transmission and structure of UL sounding RS have been decided. But there are still many open issues on UL sounding RS, such as the necessity of BW hopping with small BW RS. To support channel dependent UL scheduling and closed loop power control, the entire BW needs to be sounded. Frequency hopping of smaller BW sounding RS was suggested [1,2]. In this paper, we argue that frequency hopping of sounding RS is not necessary. 
2. Frequency hopping of sounding RS
Fig. 1 illustrates two sounding patterns: (a) sounding a larger BW in one short, and (b) sounding a larger BW through multiple hops of smaller BW. We explain next why option (b) is not favorable.

[image: image1]
Figure 1. Two UL sounding patterns.
Frequency hopping of sounding RS was proposed particularly for cell-edge UEs for two arguable benefits: 1) reduced inter-cell interference due to hopping, and 2) improved CQI measurement due to higher signal power density with smaller BW. We explain below why the above two arguments for hopping are not valid and also add a few more reasons for not hopping. 

1. Frequency hopping of sounding RS does not reduce inter-cell interference. Based on the argument 2) that higher signal power density improves the CQI measurement, it follows that higher signal power density should also increase the interference level to the neighbor cell of the same BW. On the other hand, when a cell-edge UE (power-limited) sounds a larger BW with a lower signal power density, its sounding RS imposes a smaller interference to the neighbor cell because the same amount of power is spread over a larger BW. In addition, the cross-correlation between ZC sequences with different lengths could be high, which causes more interference in case of hopping with different (smaller) BW.
2. Frequency hopping of sounding RS does not offer more accurate channel state information (CSI) measurement, but even worse. We have conducted some preliminary link simulations to compare CSI measurements between entire BW sounding and hopping with smaller BWs as shown in Fig. 2. The system BW is 5 MHz with 25 data RBs. In the frequency hopping case, a sounding RS sounds 5 RBs at a time. Therefore, when the UE is power limited, the entire BW (25 RBs) sounding RS has a 5-time (7 dB) lower power density than the hopping sounding RS. The average EVM of the frequency response of the channel was used as the CSI estimate accuracy indicator. The frequency response is measured over the smaller BW in which the hopping sounding RS occupied, which is a setting in favor of hopping. In Fig. 2, the curve with red circles corresponds to the case of entire BW sounding with a power-limited UE. As we can see from Fig. 2, even when the entire BW sounding RS has a 7 dB lower power density than the hopped sounding RS, the same CSI estimation accuracy can be achieved. This is because the entire BW sounding has a higher spreading gain (7 dB), which compensates the 7 dB loss in signal strength. The 7 dB spreading gain can also be observed from the cyan line (when the UE is not power-limited) in Fig. 2.
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Figure 2. Channel state information measurement comparison.
3. Frequency hopping of sounding RS is limited to very low speed UEs. For example, for a UE with speed of 36 kmph and 2 GHz carrier frequency, the UL channel coherent time is about 2.38 ms, i.e., shorter than 3 subframes. However, to sound a 5 MHz BW with hopping BW of 1 RB, duration of at least 25 subframes is needed.
4. Frequency hopping of sounding RS requires extra scheduling and signaling overhead.
5. Wideband sounding RS can help the demodulation of the data from the sounding UE. If the UE also transmits data in the same subframe where it transmits wide band sounding RS, the wide band sounding RS could be used (together with the DM RS) by the Node B to facilitate the demodulation of the data. 
3. Conclusions

In this paper, we demonstrated that frequency hopping of sounding RS is not necessary because it 1) does not reduce inter-cell interference; 2) does not offer more accurate CSI estimation; 3) is limited to very low speed UEs; 4) requires extra scheduling and signaling overhead.
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(b) Hopping with multiple smaller BW








(a) Sounding larger BW in one short
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