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1. Introduction

In LTE-Advanced, uplink multi-antenna transmission for up to four Tx antennas is supported to increase the peak data rate and user throughput. The uplink MIMO channel information that is obtained via the sounding reference signal (SRS) provides an effective precoding gain for uplink multi-antenna transmission. At the RAN1#60 meeting, support for a dynamic aperiodic sounding mechanism was agreed upon. As discussed in [1], combined use of periodic and aperiodic sounding schemes is beneficial to achieve efficient SRS resource management and/or to reduce the unnecessary SRS transmissions over the air. Therefore, this contribution investigates transmission schemes for periodic SRS focusing on the uplink multi-antenna transmission considering the introduction of dynamic aperiodic SRS.
2. Required Properties for Periodic/Aperiodic SRS
Similar to downlink CQI reporting, the combined use of periodic and aperiodic SRS is effective in supporting uplink multi-antenna transmission. Our views on the required properties of periodic and aperiodic SRS are summarized below.
· Periodic SRS
· Rel. 8 SRS structure is reused
· Used for rough uplink channel measurement, i.e., wideband / long-term signal strength
· Used for rough uplink MIMO channel measurement, i.e., long-term spatial channel information
· Should have a low overhead (allowing for a long Tx interval or reduction in the number of unnecessary transmissions)
· Aperiodic SRS
· New RS design may be allowed
· Used for fine uplink channel measurement, i.e., frequency-selective / short-term signal strength
· Used for fine uplink MIMO channel measurement, i.e., short-term spatial channel information
· Dynamic resource assignment only when needed
At the RAN1#60 meeting, it was agreed that the precoded SRS is not supported in Rel. 10. Therefore, a UE basically transmits an aperiodic SRS for each Tx antenna simultaneously so that the eNB can estimate the spatial channel information accurately at the reception timing of the aperiodic SRS as shown in Fig. 1. Therefore, when we consider reducing the total overhead for the periodic and aperiodic SRS transmissions, a key issue is reducing the unnecessary periodic SRS transmissions as much as possible.
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Figure 1 – Example of aperiodic SRS for multi-antenna transmission

3. Periodic SRS for Uplink Multi-antenna Transmission
We suggest the following three alternatives to reduce the overhead in the periodic SRS for uplink multi-antenna transmission.
· Alt. 1: Simultaneous periodic SRS transmissions from all Tx antennas, e.g., using cyclic shift multiplexing
Figure 2(a) shows an example of Alt. 1, where the UE periodically transmits an SRS for each Tx antenna simultaneously. The major merit of Alt. 1 is that the eNB can estimate the spatial channel information accurately at the reception timing of the SRS. Although the Tx interval for periodic SRS should be sufficiently long, e.g., more than 20 msec, to achieve practically a low overhead, the eNB can still utilize long-term spatial channel information obtained from the SRS for the closed-loop precoding. Meanwhile, a drawback of Alt. 1 is that the size of the overhead linearly increases according to the number of Tx antennas. Although we can alternatively consider extending the transmission interval and hopping patterns in accordance with the number of Tx antennas, this may cause difficulty in resource management between UEs that have different numbers of Tx antennas.
· Alt. 2: Antenna port switching for periodic SRS
Figure 2(b) shows an example of Alt. 2, where the UE periodically transmits an SRS for each Tx antenna port alternately similar to the Rel. 8 antenna selection [2]. The major merit compared to Alt. 1 is a smaller overhead when the same Tx interval is employed irrespective of the number of Tx antennas. However, in Alt. 2, it is difficult for the eNB to estimate the spatial channel information accurately since the Tx interval per antenna port becomes long. Thus, only the long-term signal strength for each Tx antenna port is available from periodic sounding.
· Alt. 3: Single antenna port transmission for periodic SRS
Figure 2(c) shows an example of Alt. 3, where the UE periodically transmits an SRS for a single Tx antenna port. This may be achieved by applying the Tx-antenna specific SRS configuration [3]. The major merit compared to Alt. 1 is a smaller overhead. However, in Alt. 3, the eNB cannot obtain any spatial channel information via the periodic sounding. Therefore, using a combination of single-antenna periodic SRS and multi-antenna aperiodic SRS is necessary to obtain the spatial channel information.
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(a) Alt. 1: Simultaneous periodic SRS transmissions from all Tx antennas
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(b) Alt. 2: Antenna port switching for periodic SRS
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(c) Alt. 3: Single antenna port transmission for periodic SRS
Figure 2 – Alternatives for periodic sounding scheme for multi-antenna transmission

Currently, we consider Alt. 1 as the baseline to get the spatial channel information for the multi-antenna transmission. However, additional support for Alt. 2 or Alt. 3 will be beneficial to reduce the overhead further depending on the aperiodic SRS resource design. 
4. Conclusion

This contribution investigated transmission schemes of periodic SRS focusing on reducing the overhead in uplink multi-antenna transmission considering the combined use with the aperiodic SRS. We suggest the following three alternatives for the periodic SRS.

· Alt. 1: Simultaneous transmissions from all Tx antennas, e.g., using cyclic shift multiplexing
· Alt. 2: Antenna port switching

· Alt. 3: Single antenna port transmission
Although we consider Alt. 1 as the baseline, additional support for Alt. 2 or Alt. 3 will be beneficial to reduce the SRS overhead for the multi-antenna transmission depending on the aperiodic SRS resource design.
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