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1. Introduction
This contribution presents our views on the scheme for multiplexing the sounding reference signal (SRS) with the other uplink physical channels, i.e., physical uplink shared channel (PUSCH) and physical uplink control channel (PUCCH) in the E-UTRA uplink. 
2. Multiplexing of SRS with PUSCH

In order to achieve orthogonal transmission of the SRS and PUSCH, each UE should know which sub-frames can be used for SRS transmission. Therefore, we recommend the following features for the multiplexing of the SRS and PUSCH.

· The sub-frame with SRS and that without SRS are semi-statically configured by the Node B
· The Node B selects one of the predefined configurations, e.g., low and high density formats as shown in Fig. 1.

· Signaling to the UE using the dynamic broadcast channel (D-BCH).
· In the sub-frame without SRS, all SC-FDMA symbols can be used for the PUSCH

· In the sub-frame with SRS, one SC-FDMA symbol is deleted from the PUSCH

It should be noted here that the minimum transmission interval for the SRS per UE should be fixed to 2 msec [1] irrespective of the selected configuration.
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Figure 1 – Semi-static configuration of sub-frames with and without SRS transmission
3. Multiplexing of SRS with PUCCH

3.1. Problem Facing SRS and PUCCH Transmission

The PUCCH is transmitted from resource blocks (RBs) assigned from the edge of the total transmission bandwidth, and the SRS is transmitted in the SC-FDMA symbols in the same time slot. However, when the PUCCH and SRS are transmitted from the same UE using the same sub-frame as shown in Fig. 2, this becomes a multi-carrier transmission which is not preferable due to the increasing PAPR in uplink SC-FDMA radio access. This problem was addressed in [2-4]. Therefore, in the following sections we consider possible solutions for the CQI report and ACK/NACK signal transmission considering the SRS transmission.
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Figure 2 – Problem facing SRS and PUCCH transmission within the same sub-frame
3.2. Multiplexing of SRS and CQI report
The Node B scheduler can avoid simultaneous transmission of the SRS and CQI report from the same UE within the same sub-frame when their transmission intervals are sufficiently long. Thus, the necessity for simultaneous transmission of the SRS and CQI report from the same UE is highly dependent on their minimum transmission intervals. However, the PUCCH will mainly convey the CQI with a relatively long transmission interval in order to minimize the overhead of the PUCCH as much as possible. Therefore, we recommend the following features for the multiplexing of the SRS and CQI report as shown in Fig. 3.
· The Node B scheduler should avoid multiplexing of the SRS and CQI report from the same UE within the same sub-frame. Accordingly, the transmission intervals and timing offsets of the SRS and CQI report are configured to avoid mutual collision.
· Multiplexing of the SRS and CQI report from different UEs should be allowed. Therefore, the bandwidth of the SRS should not be extended into the frequency region of the PUCCH [1].
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Figure 3 – Multiplexing scheme for SRS and CQI report
3.3. Multiplexing of SRS and ACK/NACK Signal
The ACK/NACK signal is associated with the downlink data and can be transmitted at any time regardless of whether or not the SRS is transmitted in the same sub-frame. Therefore, different from the CQI report, it is difficult for the Node B scheduler to avoid simultaneous transmission of the SRS and ACK/NACK signal in the uplink. Therefore, in order to maintain the single-carrier property, the modification of the ACK/NACK signal structure was proposed [2-4]. Based on the proposals [2-4], we recommend the following features for the multiplexing of the SRS and ACK/NACK signal.

· In the sub-frames with the SRS (explained in Section 2), the ACK/NACK signal structure should be modified, i.e., the length of the orthogonal covering sequence should be shortened.
· This should be applied to all UEs irrespective of the SRS transmission of each UE to maintain the orthogonally among different UEs (see Fig. 4)
· In the sub-frames without the SRS (also explained in Section 2), the current ACK/NACK signal structure is maintained.
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Figure 4 – Multiplexing scheme for SRS and ACK/NACK signal (in the picture, all sub-frames are assumed as sub-frame with SRS)
4. Conclusion
This contribution presents our views on the scheme for multiplexing the SRS with the other uplink physical channels, i.e., PUSCH and PUCCH in the E-UTRA uplink. 
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