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1. Introduction

At the RAN1#47 meeting, it was decided that reference signal (RS) for CQI measurement (sounding RS hereafter) should be multiplexed into a SC-FDMA symbol that is different from those to which the RS for demodulation (i.e., channel estimation for coherent detection) is multiplexed within the same 1.0-msec sub-frame duration. The multiplexing interval of the sounding RS is FFS. We proposed distributed FDMA based multiplexing of multiple RSs with different transmission bandwidths [1]. A similar view was proposed from other companies. The usage of orthogonal radio resources in the frequency domain becomes inefficient if the RSs are randomly assigned using distributed FDMA transmission with different transmission bandwidths. Thus, this contribution presents an assignment scheme for sounding RSs with different transmission bandwidths.
2. Motivation for Contribution 
· The sounding RS is transmitted with a wide bandwidth for a Node B to find the best resource unit (RU) for each UE. However, due to the restriction on the maximum UE transmission power, the CQI measurement accuracy is degraded when a UE located near the cell edge transmits a sounding RS using the common wide bandwidth. This brings about error in the optimum RU assignment and modulation and coding scheme (MCS) selection error. Therefore, we proposed multiple transmission bandwidths for sounding RSs as shown in Fig. 1, so that a UE can select the optimum RS bandwidth to achieve the maximum user throughput.
· Distributed FDMA multiplexing is used to multiplex simultaneous transmitting RSs with different transmission bandwidths.
· In distributed FDMA based multiplexing, the efficient usage of distributed FDMA signals is not achieved if RSs with different bandwidths are assigned randomly. One example is given in Fig. 2. As shown in Fig. 2, if RSs with narrow transmission bandwidths are randomly assigned, orthogonal assignment of a wideband RS is not possible. Thus, the efficient assignment of distributed FDMA resources is necessary. This problem was addressed by invoking OVSF code assignment in W-CDMA. Then, elaborate OVSF code assignments were proposed in many papers to achieve efficient OVSF code assignment.
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Figure 1 – Adaptive control of the transmission bandwidth of sounding RS
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Figure 2 – Problem in randomly assigning sounding RSs using distributed FDMA
3. Sounding RS Assignment Based on OVSF Concept
Figure 3 illustrates one example of efficient assignment for the sounding RS using distributed FDMA transmission. Note that a (distributed) FDMA signal with a narrow bandwidth corresponds to a code with large spreading factor. Similarly, a wide bandwidth in the frequency domain corresponds to a small spreading factor in the code domain.
The rule in the figure is to assign the sounding RS from one side of the entire transmission bandwidth in increasing order of the transmission bandwidth starting from the narrowest (from the left in the example of the figure). By implementing this assignment scheme, efficient usage of distributed FDMA signals is possible.
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Figure 3 – Efficient assignment of sounding RS based on OVSF code assignment using tree structure
4. Necessity of Support for Hopping-Based and Localized-Based Multiplexing of Sounding RS
We recognize that frequency hopping of the sounding RS is mainly assumed in the on-going E-mail discussion, when the transmission bandwidth of the sounding RS is narrower than the system bandwidth. However, as we showed in [2], the localized-based multiplexing of sounding RSs with different transmission bandwidths with grouping of the UEs according to the path loss value can achieve better average and cell-edge user throughput than random assignment due to the inter-cell interference coordination effect as proposed in [3],[4]. In our understanding, the hopping-based multiplexing is beneficial for relatively lightly loaded cell, so that the entire system bandwidth can be utilized with limited amount of sounding RS overhead at the cost of a CQI measurement delay. However, in a heavily loaded scenario, the localized-based multiplexing of sounding RSs achieves a higher user throughput performance thanks to the interference coordination effect. Thus, depending on the cell deployment scenario, the best multiplexing approach is different.

Therefore, we recommend supporting both hopping-based and localized-based multiplexing for sounding RSs with a narrower transmission bandwidth than the system bandwidth as shown in Fig. 4.
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Figure 4 – Hopping-based and localized-based multiplexing

5. Conclusion

This contribution presented the necessity of efficient assignment of sounding RSs with different transmission bandwidths. We proposed one example for efficient assignment of the sounding RS based on OVSF code assignment with a tree structure. Furthermore, we recommend supporting both hopping-based and localized-based multiplexing for sounding RSs with a narrower transmission bandwidth than the system bandwidth in order to maximize the user throughput performance in various cell deployment scenarios.
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