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Discussion and Decision
1. Introduction
In RAN1#60, it was agreed to only support non-precoded antenna-specific SRS transmission for UL multiple antenna transmission in line with the current baseline agreement in [1]. It has also been agreed in RAN1#61 that at least two new Rel-10 UE-specific RRC-configured transmission modes for PUSCH of UE with multiple APs: 
· Single-antenna port mode
· Multi-antenna port mode supporting up to 2 TB (the number of antenna ports depends on the UE capability).
The following has been agreed in RAN1#62 regarding multi-antenna port SRS:

· SRS for all the configured transmit antenna ports should be transmitted within one SC-OFDM symbol of the same subframe. 

· Both CS and Comb could be used for multiplexing different antennas

· Further discussion needed to see if we can narrow down the configuration parameters

· The SRS transmission bandwidth and frequency RB positions are the same for all antenna ports
 In Single antenna port transmission mode, the UE behaviour is same as the one with single antenna from eNodeB’s perspective [1]. In this contribution we discuss our views on SRS transmission from a UE with multiple transmit antennas for multi-antenna port mode and single-antenna port mode.
2. SRS transmission in Multi-antenna Port Mode
In RAN1#60, it was agreed to only support non-precoded antenna-specific SRS transmission for UL multiple antenna transmission in line with the current baseline agreement in [1]. The use of non-precoded SRS transmissions in UL-MIMO mode enables the eNB to efficiently select the appropriate precoding for closed-loop uplink spatial multiplexing PUSCH transmissions. 

When configured in UL MIMO mode, non-precoded antenna-specific SRS transmissions occur simultaneous from multiple transmit antennas (i.e., no SRS transmit antenna switching/selection) in one SC-FDMA symbol with  the same SRS BW, Frequency RB position, as agreed in RAN1#62. This helps to take in to account the SNR condition and antenna effects inherent a multi-antenna UE (e.g., antenna gain imbalance, coupling, etc.) [3]. To further couple the antenna effects of a MIMO PUSCH transmission and SRS from multiple transmit antennas, it is proposed that SRS transmission on the same set of subcarriers be used. Thus, the orthogonality between the different antenna-port SRS be achieved by cyclic shift multiplexing. The CS assignment can be explicit or implicit relative to first antenna configuration, for example maximal CS separation. As in Rel-8/9, the UE-specific SRS parameters are configured via RRC signalling. 

Proposal:

For multi-antenna port SRS transmission, the orthogonality between the different antenna-port SRS is achieved by cyclic shift multiplexing.
· CS assignment is implicit relative to first antenna configuration with maximal CS separation 
. 
3. SRS transmission in Single-antenna Port Mode
A UE with multiple transmit antennas can be configured in “Single Antenna Port Mode” for SRS transmissions [1]. Such mode can be beneficial to save power and SRS resource if UE is not likely to support UL-MIMO/precoding (e.g., low SINR, large AGI, etc.). 
With UL multiple antenna transmissions, different transmit PA architectures can be supported [1], e.g., for a 2 Tx antenna UE:
· A: 20dBm + 20dBm

· B: 23dBm + 23dBm

· C: 23dBm + x, where x ≤ 23dBm

The total transmit power, Pmax, is defined as 23dBm regardless of the number of antennas, PAs and precoding used. 
As UE has the most up to date information of its power state (including AGI), PA efficiency and optimization, power consumption, and is best able to determine how to efficiently use the PAs in “single-port” SRS transmission to achieve same coverage (23dBm max Tx power) as Rel-8 single antenna UE. Thus, mechanism for single-antenna port SRS transmission should be left to UE implementation. For example, using long-term precoding weights (based on UE implementation), antenna virtualization corresponding to a fixed synthesized pattern or turning off all but one PA. However, in order to enable an eNB to use SRS to track power control and frequency-selectiveness of the UL channel, the same implementation (e.g. precoding weights) should be used for SRS and single antenna PUSCH transmissions.

Proposal:

For UE configured in Single-antenna Port Mode for SRS transmission:
· Implementation issue on how PAs are used in single-antenna port SRS transmission to achieve same coverage (23dBm max Tx power) as Rel-8 single antenna UE.

· Same implementation/mechanism should be used for SRS and single antenna PUSCH transmissions to enable eNB to use SRS for UL power control and frequency-selective scheduling.

4. Conclusions

We propose the following for SRS transmission from a UE with multiple transmit antennas: 
Multi-antenna port mode SRS transmission 
For multi-antenna port SRS transmission, the orthogonality between the different antenna-port SRS is achieved by cyclic shift multiplexing.
· CS assignment is implicit relative to first antenna configuration with maximal CS separation 
Single-antenna port mode SRS transmission 
For UE configured in Single-antenna Port Mode for SRS transmission:
· Implementation issue on how PAs are used in single-antenna port SRS transmission to achieve same coverage (23dBm max Tx power) as Rel-8 single antenna UE.

· Same implementation/mechanism should be used for SRS and single antenna PUSCH transmissions to enable eNB to use SRS for UL power control and frequency-selective scheduling.
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