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1 Introduction
In this document, we describe the architecture of the UE with the Transmit Antenna Diversity and discuss the benefits of the single user Uplink Transmit Antenna Diversity (UTAD) technology on networks. 
The UTAD technology has been trialled on the commercial HSUPA, UMTS, CDMA, and EVDO networks and system test beds. The demonstrations show the significant (~ 4 dB) transmit power reduction (diversity gain) [Ref. 1], data rate improvement, and the uplink capacity gains (> 35%)[Ref. 2]. The demonstrated UTAD technology uses power commands as the feedback signal. Hence, the deployment of the UTAD technology does not require to change any protocol/signalling Standards for up to Release 9 (LTE). The dedicated signal for the UTAD technology will be proposed to LTE-advanced Standards later to improve the technology efficiency.

For the network up to Release 9, the UE with the transmit antenna diversity technology can operate like a single antenna UE and does not need any special treatment in the operation. Hence, the UTAD UE shall be treated like a single antenna UE and meet all the conformance test spec. (minimum requirements). Nevertheless, the transmitter characteristics of the UTAD UE may need to be clarified or re-defined so that the conformance tests can be conducted on the UTAD UE which has two transmitter chains and two transmit antennas. The proposed clarification or modification on the affected transmitter characteristics for the UTAD UE will be presented through a separate contribution [Ref. 3].
2. The architecture of an Uplink Transmit Antenna Diversity UE 

A typical UTAD architecture is shown in Figure 1. The diversity algorithms reside in the baseband flash memory. The phase modulator splits the RF signal equally into two paths; optimizes the relative phase between the two paths and transmits via “half power” power amplifiers. The “half power” PA is used in the UTAD UE so that the UE can meet the “Maximum output power” conformance test. 
The output signals from the two antennas will be combined (in the air) as a beam if they are highly coherent at the receiver (Node B). The beam is then steered dynamically based on the relative phase between the two signals.


[image: image1]



Figure 1   An architecture of the UE with uplink transmit antenna diversity

3. Benefit of single user Uplink Transmit Antenna Diversity technology
We have performed two field trials of UTAD technology on UMTS/HSUPA networks. The first field trial was conducted on a UMTS system test bed in United Kingdom, while the second trial was on a commercial HSUPA network in USA. These trials showed the UTAD UE reduced their transmit powers, improved the uplink data rate, and increased the reverse link capacity. 
The UTAD technology creates beam-forming for the UE transmit signals. If the beam is steered toward the serving NodeB, the received signal at the NodeB will be intensified. Through the power control mechanism, the transmit power of the mobile is eventually reduced. For the data calls, the reduced transmit power provides the extra headroom for the higher data rate transmission. The diversity gain can be defined as the TX power reduction (for the fixed data rate or voice call) or the reduction of TX power normalized by the averaged data rate. The diversity gains for either definition are quite close in most of cases (~ 4 dB). On the cell edge where the TX power is getting saturated and data rate is being reduced for the single antenna UE, the UTAD UE shows the significant data rate improvement. The diversity gains were also demonstrated in CDMA2000 networks
In addition to the diversity gain, the reverse link capacity can also be increased by the UTAD technology. The UTAD UE reduces the transmit power and hence reduces the interference to the neighbouring cells. Furthermore, the beam-forming will in general increase the path loss between the UTAD UE and the neighbouring cells, and hence further reduce the interference of the adjacent cells. By combining these two effects, we can see a significant capacity increase on the reverse link. The reverse link capacity improvement by the UTAD UE has been demonstrated in a UMTS network as well as the CDMA2000 networks. 
4. Conclusion
The contribution briefly describe the architecture of the UE with the transmit antenna diversity and show the benefits of uplink transmit antenna diversity. The deployment of the uplink transmit antenna diversity does not require changing the signalling/protocol between the UE and UTRAN. On the other hand, the UE with uplink transmit antenna diversity should meet the same minimum requirements of the conformance tests, as does the regular (single antenna) UE, to guarantee the equal or better performance in the network.  The transmitter characteristics (e.g., maximum power…) of the UE with transmit diversity, hence, need to be clarified or re-defined (by RAN4) since it has two transmit chains and two antenna ports. The proposed clarification and/or redefinition will be presented in other contribution.
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