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1. Introduction
At the previous RAN1#52bis meeting, consensus was reached on most of the sounding reference signal (SRS) parameters [1]. However, we need to decide further details on the SRS parameters and procedures to complete the E-UTRA specification. Therefore, this contribution presents our views on the frequency hopping method for SRS.

2. Summary of Discussion on SRS Frequency Hopping Method up to RAN1#52bis meeting
At the RAN1#52bis meeting, SRS frequency hopping method was briefly discussed; however, conclusion was not reached. For the SRS frequency hopping pattern, a coordination scheme is required to avoid collision between SRSs transmitted from different UEs. One of the simplest schemes is to employ a cell-specific frequency hopping pattern based on tree-based SRS multiplexing, which was proposed in [2] and [3]. Figure 1 illustrates the principle of the cell-specific tree-based frequency hopping method. As shown in the figure, collision-free transmission can be achieved by generating the final SRS frequency hopping pattern using an independent frequency hopping pattern at each level. This method can also support flexible on/off hopping by eliminating the frequency hopping at each level. Therefore, the cell-specific frequency on/off hopping information can be indicated by broadcast signaling, e.g. using 3 bits, considering the tree structure up to three levels.
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Figure 1 – Cell-specific tree-based SRS hopping method
However, as discussed in the RAN1#52bis meeting, we should consider a coordinated frequency hopping method for SRSs with different transmission intervals. As shown in Fig. 2, when the SRSs with the same hopping pattern and with different transmission intervals are assumed, collisions between the SRSs happen.
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Figure 2 – Collision between SRSs with different transmission time intervals
Hence, in order to avoid the collision between the SRSs with different transmission time intervals, the SRS frequency hopping method with explicit allocation of multiple radio resources was proposed in [4]. Examples using the method are illustrated in Figs. 3(a) and 3(b). By allocating the multiple frequency positions (and/or cyclic shift value at the position) explicitly, the Node B can avoid the collisions between SRSs with different transmission intervals. This method achieves very flexible SRS assignment including the case with antenna switching. However, as mentioned in [4], there is a drawback in that the RRC signaling overhead for indicating multiple radio resources to each UE increases. This drawback seems to become significant when a large number of radio resources must be allocated in a wide system bandwidth such as 20 MHz.
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(a) Example 1                                            (b) Example 2

Figure 3 – Examples of SRS hopping method with explicit allocation of multiple SRS radio resources
3. Proposed SRS Frequency Hopping Method 

In this section, we propose an SRS frequency hopping method that has a lower RRC control signaling overhead than that in [4], in order to avoid collisions between SRSs with different transmission time intervals including the case with antenna switching. 

Before presenting our proposal, another frequency hopping method without RRC control signaling is described based on the cell-specific pseudo random frequency hopping pattern in Fig. 4. In this method, since the pseudo random frequency hopping pattern is derived from, e.g., a subframe index and cell ID, the final frequency hopping pattern is coordinated irrespective of the transmission time interval of the SRS. This method is very simple, but the SRS is not necessarily transmitted over the entire transmission bandwidth due to assignment based on the cell-specific pseudo random sequence.
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Figure 4 – Example of pseudo random hopping method
The SRS frequency hopping method with explicit allocation of multiple radio resources provides better sounding measurement accuracy compared to the frequency hopping method using the cell-specific pseudo random frequency pattern. The former method requires a much larger RRC control signal overhead than the latter method. Thus, by applying the frequency hopping method using the cell-specific pseudo random frequency pattern within relatively narrow bandwidth, we can reduce the overhead of the required RRC control signals. Hence, we propose the SRS hybrid frequency hopping method using the frequency hopping method with explicit allocation of multiple radio resources and that with cell-specific pseudo random hopping pattern as indicated in Fig. 5. The operations of the proposed SRS frequency hopping methods are given hereafter. 
· Adopt the tree-based hopping method generating the final SRS hopping pattern based on the hopping pattern of each tree level.
· Use SRS hopping method with explicit allocation of multiple radio resources for the hopping pattern of the higher tree levels, e.g., levels 1 and 2 in Fig. 1. Detail RRC signaling is FFS.
· Use the cell-specific pseudo random hopping pattern, which is derived from, e.g., subframe index and cell ID, for the lowest tree level, i.e., only for the hopping of narrowband SRSs.
· The cell-specific on/off hopping information is indicated by broadcast signaling, e.g., using 3 bits considering the tree structure up to three levels.
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Figure 5– Proposed SRS frequency hopping method
4. Conclusion
In the contribution, we proposed an SRS hybrid frequency hopping method using a frequency hopping method with explicit allocation of multiple radio resources and that with a cell-specific pseudo random hopping pattern to avoid collisions between SRSs with different transmission time intervals including the case with antenna switching. The proposed SRS frequency hopping methods can reduce the RRC control signaling overhead compared to the frequency hopping method with explicit allocation of multiple radio resources. 
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