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1 Introduction

This contribution provides our view on some open issues of the UL sounding RS design, e.g. the sounding bandwidth and the multiplexing of sounding RSs with different sounding bandwidths.
2 Necessity of multiple sounding bandwidths 
The system can restrict some UEs’ scheduling bandwidth as well as sounding bandwidth without obvious performance loss, according to their data type (e.g., VoIP), wireless circumstances, or power limitations (e.g., those UEs located at the cell edge) [1]. Such restriction would increase the number of simultaneous sounding RSs and possibly the number of simultaneous scheduled UEs. On the other hand, for those UEs with good channel conditions and asking for large bandwidth service, large sounding bandwidths are needed. Thus, the system should support multiple sounding bandwidths. 
In order not to increase multiplexing complexity or DL control signalling overhead, only a few kinds of bandwidths of sounding RS could be supported, and the number of sounding bandwidths may also depend on the system bandwidth. 
As for the minimal sounding bandwidth, 1.25MHz may be appropriate, since it is one of the operation bandwidths in E-UTRA, and even narrower sounding bandwidth would result in more restricted sequence length and more limited sequence number.
3 Multiplexing of sounding RSs
There are at least two methods to multiplex sounding RSs with different sounding bandwidths, comb-like FDMed and CDMed. Considering the restriction of ZC sequence length in comb-like FDMed way, especially in the case of large RPF [2], CDMed way is preferred. 
In the following, two approaches of CDMed sounding RSs will be discussed.

Approach 1:
Sounding RSs with different sounding bandwidths can be multiplexed by within-minimal-bandwidth CDM and frequency hopping. As depicted in Figure 1, in a minimal sounding bandwidth in a sub-frame, different RSs are CDMed based on cyclic-shifts of ZC sequences, and then an RS can hop across different minimal sounding bands over sub-frames or over slots, to achieve required sounding bandwidth. In the figure, each color represents one sounding RS. Obviously the required channel sounding may be obtained with time delay, depending on the hopping time needed.
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Figure 1 CDMed sounding RSs with FH
Approach 2:
Alternatively, sounding RSs with different sounding bandwidths can be CDMed based on the method of grouping base ZC sequences of different lengths [3].  In the same group, sequences with different cyclic-shifts are nearly orthogonal even if they have different lengths. For example, as depicted in Figure 2, a length-71 sequence with time shift 
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is assigned to the four 6-RB sounding RSs, shown in the front layer, a length-139 sequence with time shift
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 is assigned to the two 12-RB sounding RSs, shown in the middle layer, and a length-283 sequence with time shift 
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is assigned to the 24-RB sounding RS, shown in the back layer. Therefore at the receiver, the example RSs with different sounding bandwidths can be separated by observing the correlation in the time domain, and RSs with the same sounding bandwidth can be separated in the frequency domain. 
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Figure 2 CDMed sounding RSs based on grouping
4 Conclusion

In this paper, the necessity of multiple sounding bandwidths and the method of multiplexing sounding RSs are discussed. To conclude, our standpoint is that sounding RSs with different sounding bandwidths can be multiplexed in CDMed way.
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