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1. Introduction
To improve the efficiency of SRS resources in Rel-10, the enhancement of SRS via aperiodic triggering had been supported and the details were discussed in the past meetings. On the other hand, periodic SRS remains in R10 for some fundamental function. However, the transmission scheme for SRS was not clearly defined in the past meetings. In this contribution, we discuss the SRS transmission mode based on current agreements.
2. Discussion
On transmission mode of aperiodic and periodic SRS

Two transmission modes have been agreed for SRS: single antenna port SRS and multiple antenna ports SRS. However, as agreed in RAN1#58 meeting [1], single antenna port mode is defined for UEs with multiple transmit antennae, so the above two transmission modes doesn’t cover all cases of UL transmission, e.g. the antenna switching scheme in R8 for UE with single transmit chain. Therefore, we further consider the transmission scheme of SRS in R10 from the perspective of specification and its function below.

As an important assistance for PUSCH transmission, antenna switching based SRS should also be supported in R10 at least for periodic SRS transmission. SRS transmission in single antenna port switching among transmit antennae is important not only for backward compatibility with R8/R9, but also to obtain CSI for UL transmission and DL beamforming. Especially when antenna selection is also supported in PUSCH (it seems this feature of Rel-8 will also be remained in PUSCH), this type of SRS transmission can provide CSI from multiple antennae. For UEs with transmittability of single chain and capability of antenna switching, antenna switching among two physical antennas can be configured by BS similar to that in R8. Antenna switching among four physical antennas can also be considered if needed. For other UEs, “single antenna port mode” or multiple antenna ports can be configured for simultaneous SRS transmission in multiple transmit antennas with or without antenna virtualization. 
On the other hand, we should differentiate between aperiodic and periodic SRS referring to transmission schemes. For aperiodic SRS, which provides information for PUSCH transmission, single antenna port transmission should be supported for more accurate CQI estimation when single antenna port transmission is also configured in PUSCH as mentioned in [2]. If PUSCH antenna selection is supported for some cases, aperiodic SRS antenna switching should also be supported for corresponding cases. Unlike aperiodic SRS, the function of periodic SRS in R10 is minimized due to introduction of aperiodic SRS. It seems that only some fundamental functions, including power control, timing and complementary scheduling for UL and DL transmission, will be dependent on periodic SRS. In this case, single antenna port transmission on multiple transmit antennas seems unnecessary for periodic SRS. To avoid additional specification effort, it is straightforward to reuse the SRS transmission scheme in R8 for periodic SRS. Of course, antenna-specific multiple ports SRS should be supported for both kinds of SRS to obtain more accurate CSI for UL spatial multiplexing and DL beamforming.
In a word, we propose that:
Proposal 1: The antenna switching scheme in R8 should be supported for R10 UEs at least for periodic SRS.

Proposal 2: Different transmission modes could be defined for aperiodic and periodic SRS.
· For aperiodic SRS, at least the following two types of transmission should be supported

· Single antenna port SRS transmission for UEs with single antenna port and multiple transmit antennas.
· Multiple antenna ports SRS transmission with antenna-specific SRS in multiple ports.
· Whether antenna switching is supported is related to the PUSCH transmission.

· For periodic SRS, at least the following two types of transmission should be supported
· Antenna switching between two (or four) transmit antennas for UEs with single antenna port.
· Multiple antenna ports SRS transmission with simultaneous SRS transmission from multiple transmit antenna (ports).
Relation between transmission modes of SRS and PUSCH
From the decision in RAN1#58 meeting, single antenna port mode can be independently configured for SRS transmission.  Similarly, it is natural to independently configure all the transmission modes of SRS and PUSCH. On one hand, SRS is not only used for UL transmission, but also for reciprocity based DL transmission, and   combined transmission of SRS and PUSCH without considering PDSCH is not reasonable. On the other hand, SRS transmission mode, especially for aperiodic SRS, is affected by both requirements of data transmission and the resources for SRS. Flexible scheduling of SRS transmission according to the available resource for SRS should be allowed. For example, if there is significant interference or not enough resource for multiple ports aperiodic SRS, single antenna port transmission can be configured regardless of the transmission mode in PUSCH.
Proposal 3: The transmission mode of SRS should be configured independently from PUSCH and PUCCH. 
3. Conclusions
In this contribution, we analyze the SRS transmission modes of aperiodic and periodic SRS, with the following proposals. 
Proposal 1: The antenna switching scheme in R8 should be supported for R10 UEs at least for periodic SRS.

Proposal 2: Different transmission modes could be defined for aperiodic and periodic SRS.

· For aperiodic SRS, at least the following two types of transmission should be supported

· Single antenna port SRS transmission for UEs with single antenna port and multiple transmit antennas.

· Multiple antenna ports SRS transmission with antenna-specific SRS in multiple ports.

· Whether antenna switching is supported refers to the PUSCH transmission.

· For periodic SRS, at least the following two types of transmission should be supported
· Antenna switching between two (or four) transmit antennas for UEs with single antenna port.
· Multiple antenna ports SRS transmission with simultaneous SRS transmission from multiple transmit antenna (ports).
Proposal 3: The transmission mode of SRS should be configured independently from PUSCH and PUCCH.
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