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1. Introduction
At the RAN1 #47bis Sorrento meeting, we presented the cell-edge throughput gain for closed loop (CL) transmitter antenna switching in the uplink [1]. During the meeting we received a comment on a concern regarding the impact of the antenna selection command. In addition, the conclusion of the MIMO session chair was that further discussion is necessary as a part of the uplink scheduling including the spatial domain [2]. To address these issues, this contribution describes in more detail the channel structures required for CL-based antenna switching for the uplink shared data channel such as the reference signal and control signaling.
2. CL-Based Antenna Switching Method
2.1. Uplink Reference Signal
It was previously agreed that the uplink sounding reference signal and the demodulation reference signal would be mapped on different SC-FDMA symbols. Therefore, the sounding reference signal can be transmitted from the transmit antenna on which the Node B needs to measure the CQI regardless of the adaptively selected transmit antenna for the data and the demodulation reference signal. Figure 1 illustrates an example of the uplink reference signal transmission required for CL-based antenna switching. To select the appropriate transmit antenna for the uplink shared data channel for respective user equipments (UEs), the Node B must measure the uplink CQI for each transmit antenna using the sounding reference signal. The switching of the transmit antenna for the sounding reference signal is based on a pre-determined manner. For simplicity we have assumed in Fig. 1 that the sounding reference signal is transmitted alternatively every sub-frame from two transmit antennas. The Node B can reconfigure the transmission interval of the sounding reference signal using slow control in the same manner as in the fixed antenna transmission case. Therefore, additional control information is not necessary for reference signal transmission control for CL-based antenna switching.
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Figure 1 – Example of uplink reference signal transmission with CL-based antenna switching

2.2. L1/L2 Control Signaling

We consider that the only necessary control information to support CL-based antenna switching is a 1-bit indicator of the selected transmit antenna used by the Node B to inform the UEs through the downlink. No additional uplink L1/L2 control signaling is necessary. Although only 1 bit is required for indicating the selected transmit antenna, repetition over multiple symbols is necessary to ensure the required quality when it is transmitted as an out-of-band signal. The resultant overhead is not negligible. Therefore, we prefer to include the 1-bit indicator within the uplink scheduling grant [3], which includes the UE ID and resource unit (RU) assignment. This is because the uplink scheduling grant is protected by channel coding and also benefits from frequency diversity. Furthermore, we present the following transmission options for the 1-bit information of selected transmit antenna. 
· Option 1: New 1-bit indicator for the selected transmit antenna
· No impact on RU assignment, selection of transport format, etc.
· However, one demerit of this option is that will be two uplink scheduling grant formats if the CL-based antenna switching is not mandatory for all UEs.
· Option 2: One bit for the transport format indicator (or transmission power indicator) is used as the indicator for the selected transmit antenna.
· The merit of this option is a common uplink scheduling grant format regardless of application of CL antenna switching.
· Option 3: One bit for RU assignment information is used as the indicator for the selected transmit antenna.
· The merit of this option is a common uplink scheduling grant format regardless of the application of CL antenna switching.
Selection from among these candidate options will be FFS after agreement is reached on the basic uplink scheduling grant configuration.

3. Conclusion

This contribution further clarified the channel structure required for CL-based antenna switching for the uplink shared data channel. A summary is given below.
· A sounding reference signal is alternatively transmitted from two transmit antennas independent of the transmit antenna for the shared data channel and demodulation reference signal, based on a pre-determined pattern.
· Only a 1-bit downlink L1/L2 control signaling bit is additionally required to indicate the selected transmit antenna in order to support CL-based antenna switching.
· This information should be included as a part of the uplink scheduling grant so that the impact of the decoding error of this control information is negligible.
· Explicit signaling or reuse of a part of RU assignment information or transport format indicator can be considered. Selection of the best option is FFS.
Therefore, we would like to emphasize that CL-based antenna switching for the uplink shared data channel is very well accommodated by using scheduling-based uplink SC-FDMA access, and the impact of the decoding error for the indicator of the selected transmit antenna is negligible compared to the case with only time-and-frequency domain channel dependent scheduling.
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