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1 Introduction

The current work assumptions on uplink (UL) reference signal (RS) are: 

· Zadoff-Chu (ZC) is adopted as UL RS sequence;

· Sounding RS and demodulation (DM) RS are in different blocks;

· LB only structure of sub-frame is adopted for uplink. 
There are still some open issues on UL sounding RS structure, e.g. how many sounding bandwidths and how to multiplex sounding RS from UEs with different sounding bandwidths [1-2]. This document addresses some influencing factors on sounding RS design.
2 Discussion
In this section, we will discuss some factors related with the sounding RS design.
2.1 Necessity of multiple sounding bandwidth 
The system can restrict some UEs’ scheduling bandwidth as well as sounding bandwidth according to their data type (e.g., VoIP) or wireless circumstances (e.g., higher velocity ), or power limitations (e.g., those UEs located at the cell edge) without obvious performance loss [2]. This restriction on sounding bandwidth increases the number of simultaneous sounding RSs and the number of simultaneous scheduled UEs. 
On the other hand, for UEs with good channel conditions and larger bandwidth service requirement, large sounding bandwidth can make Node B provide more efficient scheduling. 

Therefore, the system should support smaller sounding bandwidth along with larger sounding bandwidth. 
The kind of supportable sounding bandwidths should not be too many, when considering the multiplexing complexity and the DL control signalling overhead. So, only a few kinds of bandwidths of sounding RSs are supported in the system, which also dependent on the system bandwidth. For instance, 1.25M and 5M sounding RSs are both allowed in 5M system deployment, but only 1.25M can be used in 1.25M system deployment, etc.
2.2 Multiplexing between multiple sounding bandwidths
The system should have the flexibility to support, e.g. both 10M and 1.25M sounding RSs measure the same frequency band simultaneously. Thus the coexistence of different sounding bandwidth is necessary, the method of multiplexing sounding RS from UEs with different sounding can be comb-like FDM, as stated in [1], or mix comb-like FDM with TDM (sub-frame basis, or maybe block basis), etc.
It can also support the sounding RS of smaller bandwidth to hop across a large frequency band during a few of sub-frames, to achieve the full channel information of larger sounding bandwidth. The cell-specific hopping pattern shall randomize the interference among neighbour cells. 
For UEs in the same Node B but different sectors, different sounding bandwidth should be allocated independently according to the scheduling of each sector. 
2.3 Enable easy planning

The ZC sequences of sounding RSs can interfere with each other among neighbour cells in synchronous network. Since 1.25M is one of operation bandwidth supported in E-UTRA, 1.25M bandwidth sounding RS should be supported. Additionally, to avoid shorter (often results in less) sequence used for RS, 1.25M (about 72 sequences) can be the minimal bandwidth of sounding RS and it is preferred to span in the continuous sub-carriers, that is, repetition factor (RPF) =1. The other bandwidths of sounding RSs larger than 1.25M, e.g. 5M and 10M, can be transmitted on the distributed sub-carriers, that is,  RPF=2,3 preferably. 

To support easy planning, the sequence hopping like DM RS [3] may be considered. 
Also, in asynchronous network, the ZC sequence of DM RS in one cell and the ZC sequence of sounding RS in another neighbour cell may interferer with each other. Therefore, the sequence allocation should take into account the cross-correlation property of ZC sequences possibly with some special considerations.
2.4 Flexibility
The sounding block’s location in each sub-fame, the number of sounding blocks, and the bandwidth deployment on each comb (when comb-like FDM is used) should be keep flexibility to fit with different requirements, e.g., user number, service type, and wireless condition, etc. 
Furthermore, the sounding RS can also be allocated to the high velocity UE as the additional DM RS.
3 Conclusion

Therefore, as stated above, we can conclude:

· Multiple sounding bandwidth are necessary

· Different sounding bandwidths are FDMed /TDMed
· Frequency hopping to achieve wider sounding bandwidths
· 1.25 M is the minimal bandwidth of sounding RS

· Sequence allocation with easy planning
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