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1. Introduction
During the RAN1#51 meeting, use of at least one narrow bandwidth and one wide bandwidth was agreed upon for sounding reference signal (SRS) transmission. However, the exact values for the SRS bandwidth, SRS frequency position, and frequency hopping have not yet been determined. Therefore, this contribution presents our views on SRS parameters especially in the frequency domain.

2. Views on SRS Parameters
· Wideband SRS parameters
During the RAN1#50bis meeting, it was agreed that SRS would not be transmitted using the frequency region for the physical uplink control channel (PUCCH). Thus, the exact bandwidth for the wideband SRS is highly dependent on the amount of frequency resources required for the PUCCH. In our view, the overhead of the PUCCH should be less than approximately 30% considering conventional radio access systems, e.g., GSM, PDC, HSDPA [1]-[3]. Furthermore, another requirement that should be considered is that the exact number of resource blocks (RBs) for the SRS should be a clean value as possible. For example, when the RS sequences must be reused for the demodulation (DM) RS, the SRS bandwidth is limited to ((2a x 3b x 5c) x 2) RBs considering the repetition factor of two. 

Here, we would like to clarify the definition of the PUCCH region. In terms of the SRS, PUCCH, and physical uplink shared channel (PUSCH), our understanding of the PUCCH region is given hereafter.

· The SRS should not be transmitted in the PUCCH region.

· The PUCCH should be transmitted within the PUCCH region.

· The PUSCH is allowed to be transmitted in the PUCCH region. Thus, the overhead of PUCCH region does not affect the peak data rate in the uplink.


Based on observation, we attempt to derive an appropriate value for the wideband SRS bandwidth. Figure 1 shows examples of wideband SRS bandwidths for a 10 MHz system bandwidth. In this figure, we assume the PUCCH region overhead of less than 40% and two types of wideband SRS bandwidths, i.e., full and half bandwidths. In the search for a clean value for the wideband SRS bandwidth for 10 MHz system bandwidth, we find that the SRS bandwidths of 32, 36, 40, and 48 RBs are good candidates for the full wideband SRS.
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Figure 1 – Examples of wideband SRS bandwidths for 10 MHz system bandwidth
By using the same criterion, Table 1 summarizes the possible candidates for the wideband SRS bandwidth in each system bandwidth (>= 5 MHz). In order to reduce the number of options, we indicate the recommended parameters in blue. The table indicates that the minimum bandwidths of the wideband SRS are 16, 18, and 20 RBs, respectively, irrespective of the system bandwidth. Thus, the PUCCH region information for each system bandwidth can be indicated using 2-bit D-BCH signaling.
Table 1 – Candidates for wideband SRS bandwidth
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Here, one issue that should be considered is the frequency position for the system bandwidth with an odd number of RBs, i.e., 5 and 15 MHz. For such a system bandwidth, a 1/2-RB offset to the frequency position of the SRS may be required.
· Narrowband SRS parameters
In order to multiplex effectively SRSs with different bandwidths, we proposed a tree-based SRS allocation method that is similar to the OVSF code assignment in W-CDMA [4],[5]. This OVSF-like assignment is beneficial in reducing the number of signaling bits used to indicate the frequency position and frequency hopping pattern for the SRS transmission. Figure 2 shows an examples of the tree-based allocation of narrowband SRS.
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Figure 2 – Examples of OVSF-like allocation of narrowband SRS

3. Conclusion
The following is a summary of this contribution.
· The exact bandwidth options for the wideband SRS were presented considering a reasonable PUCCH overhead (see Table 1).
· OVSF-like allocation of a narrowband SRS [4],[5] should be applied in order to reduce the number of signaling bits used to indicate the frequency position and frequency hopping pattern of the SRS.
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