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1.
Introduction
This contribution considers one of the remaining open issues related to sounding reference signal (SRS), namely frequency hopping SRS. In the RAN1#51 meeting, it was agreed that SRS can have at least one narrow bandwidth and one wide bandwidth. The need for multiple SRS bandwidths, especially at large system bandwidths, has been discussed and concrete bandwidth options have been presented on several contributions, including [1]-[3]. Also a SRS frequency hopping pattern utilising OVSF code tree was proposed in [2]. The contribution presented an overall approach for SRS hopping, but a detailed proposal covering e.g. dynamic PUCCH bandwidth was not included. On this contribution, remaining details are covered and a SRS hopping proposal based on hopping pattern in [2] is presented.  The details covered include the support for dynamic PUCCH bandwidth, hopping pattern for SRS position with over 2 branches per tree layer. 
2.
SRS frequency hopping pattern
The proposed hopping pattern, following the one in [2], provides optimum frequency diversity between consecutive SRS transmissions while the SRS sweeps over the whole sounding bandwidth. The frequency-domain starting position of SRS, k0, is given in sub-carries and we assume in following that it is defined by
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 is an offset (in sub-carriers) related to the starting of SRS-tree (including RPF comb), LSRS is the (OVSF) tree layer depth in the SRS position assignment, corresponding to the assigned SRS bandwidth, Bl  is the SRS bandwidth (in subcarriers) on tree layer l (i.e. Bl = RPF x the length of the SRS sequence on layer l) and nl is the SRS frequency position assignment index on tree layer l. The allocation is illustrated on Figure 1. It assumes channel bandwidth of 10 MHz. The available SRS BW set consists of three SRS bandwidths, 40RBs, 20 RBs and 4 RBs. 
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Figure 1 Illustration of SRS frequency position configuration with tree structure, “Option 2”, 10 MHz.
On the following, SRS bandwidths proposed in [3] are assumed. However, the proposed hopping pattern can be applied with any SRS bandwidths following a tree structure. The frequency-domain starting position for hopping SRS can be defined with the same equation as for the SRS without frequency hopping. Then the proposed frequency hopping pattern is given in terms of nl:
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 is the reference value for the SRS frequency position assignment index given in dedicated RRC signaling,  
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 is the number of  new branches per a branch on the assignment tree layer l (On OVSF code tree, 
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Variable t = 0, 1, 2,… is a running time index for SRS transmissions. An example of the resulting hopping pattern is shown on Figure 2.
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Figure 2 Illustration of SRS frequency hopping pattern.
5.
Support for dynamic PUCCH bandwidth
It has been agreed that SRS transmission should not puncture the PUCCH region. The same principle applies to persistent PUSCH: it is desirable for the SRS to not puncture persistent PUSCH allocations. The question how to arrange the needed SRS bandwidth changes in the case when PUCCH bandwidth (including persistent PUSCH) varies dynamically was discussed in [3] for non-hopping SRS.  It is proposed that the same approach is applied also with frequency hopping SRS. 

Proposed solution:

The proposed solution is shown below:

1. Information about the RBs in which the SRS transmission is not allowed (i.e., PUCCH region) is broadcasted. “PUCCH-resource-size” broadcasted on SIB [4] is used for this purpose.

2. UE calculates the current SRS frequency position according to the hopping pattern

3. SRS is truncated in the case when SRS overlaps the bandwidth not supporting the SRS transmission.

4. SRS is truncated towards the maximum supported SRS BW, listed in [3]. If truncation is not possible, SRS transmission is dropped for that sub-frame. UE does the truncation autonomously w/o additional UE specific signalling. 
5. The truncation impacts neither on the configured SRS BW (40RBs, 20 RBs and 4 RBs in this case) nor the applied (OVSF-) tree based assignment nor hopping pattern: Only the outermost SRS signals are truncated.

The principle of the proposed solution is shown in Figure 3.
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Figure 3 Illustration on SRS arrangements with dynamically changing PUCCH region.

As additional details, support for closed loop antenna selection requires one minor addition. In the case of closed loop antenna selection, the transmitting antenna alternates between consecutive SRS transmissions also in the case of frequency hopping SRS. However, in order to sound the same frequency from both antennas, consecutive SRSs should be transmitted from the same antenna once in the frequency hopping period. E.g. the first SRS of the hopping period could be transmitted from the same antenna as the last SRS of the hopping period.  
One special case with frequency hopping SRS is the compatibility with one shot SRS. We note that one shot SRS is straightforward also with frequency hopping SRS; it can be configured either with or without frequency hopping. 
4.
Impact on signalling
The proposed hopping pattern can be derived from SRS frequency domain position information, and the support for dynamic PUCCH region does not require any additional signalling. Thus, only 1 bit is needed for Frequency-hopping information on dedicated RRC signalling for selecting between SRS w and w/o frequency hopping. Dedicated RRC signalling enables also RPF comb specific frequency hopping for SRS. 
5.
Summary
This contribution discussed frequency hopping SRS.  We also made a concrete hopping pattern proposal suitable for different SRS bandwidths based on [2]. The hopping pattern is given by 
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