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1 Introduction
At RAN#45 it was agreed to start a study item (SI) on UL transmit diversity (UL TxD) [1]. The objective of the SI is to investigate UL TxD techniques for HSPA that comply with the following principles:

· No newly standardized dynamic feedback signalling between network and UE is required,
· Transmission from 1 Tx antenna (e.g. switched antenna Tx diversity) or simultaneous transmission from 2 Tx antennas (e.g. transmit beamforming) are supported.
It was decided that RAN WG1 should evaluate the potential benefits of the indicated UL Tx diversity techniques. The planned completion for the RAN1 work is RAN#47. In order to facilitate that this time plan is met companies were asked to provide descriptions of proposed algorithms, initial link level results, and refined simulation assumptions already at RAN1#59 (this meeting). The objective of this contribution is to describe a basic set of algorithms for switched antenna transmit diversity and beamforming.
2 Transmit Diversity Schemes

In this section we give a brief summary of the TxD schemes that should to be evaluated in this study item.
2.1 Switched Antenna Transmit Diversity (SATD)

In switched antenna transmit diversity the UE is only allowed to transmit from one antenna at the time. However, the UE can dynamically switch between the two available transmit antennas. The layer one structure, for example coding, spreading and modulation, is unaffected by SATD. SATD requires some mechanism that makes sure that the PA output is fed to one of the transmit antennas based on some criterion.
2.2 Beamforming

In beamforming the processed baseband signal is split into two equal signals which are multiplied by two different complex valued weights before they are passed on to the radio part and transmitted on two different antennas. Although these weights could include both amplitude and phase differences the RAN1 study on beamforming assumes that the magnitudes of the two weights are identical. Similar to SATD all other layer 1 structure is unaffected by beamforming.
3 Transmitter Schemes
The following transmitter schemes will be considered. A performance evaluation using these schemes can be found in [2].
TX0: No Tx diversity
This is the baseline transmission scheme where transmit diversity is not used, i.e. the UE has only one transmit antenna. 
TX1: Switched antenna diversity 
The switched antenna transmission scheme is described in Section 2.1 above. Every radio frame (10ms) the UE is allowed to switch antenna. Furthermore, the maximum number of antenna switches per second a UE is allowed to make varies (can equal 25, 50 or 100). The instantaneous decision on whether to switch antenna is based on some UE algorithm. The algorithms evaluated in [2] are described below.
· TX1a: Genie
The genie transmission algorithm works as follows: Transmit Antenna j (j = 0, 1) is selected if 
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 in the previous frame is the maximum (cf. [3], [4]).
· TX1b: Practical
For a practical algorithm, the UE has no direct knowledge of the channel impulse response of the different transmit and receive antenna pairs. Instead it has to estimate which transmit antenna that is associated with the most favourable radio conditions. The estimate must be based on readily available information, such as the TPC commands. Although several different algorithms can be envisioned we will only consider the following method:
1) Let TPC command DOWN be represented by -1 and TPC command UP by +1. Then let the UE accumulate all received TPC commands. 
2) At each frame border the accumulated TPC sum is compared with 0. If the sum is larger than 0 the transmit antenna is switched.

3) If the same transmit antenna has been used for 4 consecutive frames the UE automatically switches antenna.
4) Every time an antenna switch occurs the accumulated TPC sum is reset to 0.

Evidently this algorithm can be refined, but as it stands now one of its characteristic parameters is the frequency with which an automatic antenna switch is triggered (4 frames above). It is of interest to see how the performance is affected by this parameter.
TX2: Beamforming
The beamforming transmission scheme is described in Section 2.2 above. Every time slot (0.667ms) the UE applies a weight vector 
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to the transmit antennas. The signal power is always equal on both antennas, i.e. there is no amplitude difference between 
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. In this contribution the weight vector belongs to a codebook of size 32. The codebook is defined as  
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. The weight vector applied by the UE in each slot is determined by a UE algorithm. The algorithms evaluated in [2] are described below.
· TX2a: Genie
The genie transmission algorithm works as follows: Every time slot (0.667 ms) k, the UE transmitter applies the weight vector 
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 in the previous slot (cf. [3], [5]).

· TX2b: Practical
For a practical algorithm, the UE has no direct knowledge of the channel impulse response of the different transmit and receive antenna pairs. Instead it has to estimate which weight vector that gives the best performance. The estimate must be based on readily available information, such as the TPC commands. As for SATD a number of different algorithms can be envisioned. We will however limit our studies to the following method:

1) Every 6 time slots (4 ms) the UE transmitter applies a new weight vector. 
2) TPC commands are accumulated over the evaluation period, defined as the time between two consecutive weight vector changes. The default evaluation period is 6 slots.

3) The new weight vector is selected by adding 
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 used in the previous period. The UE is furthermore assumed to store the direction that the weight vector was updated with at the previous change. If the accumulated TPC commands suggest less transmitted power (number of down commands > number of up commands), the direction is kept otherwise it is changed.
Evidently this algorithm can be refined, but as it stands now it is basically characterised by two parameters; the codebook size and the evaluation period (the time between two consecutive weight vector changes).

4 Conclusions

In this contribution we have described some UE algorithms for switched antenna transmit diversity and beamforming. Both genie and more practical algorithms that we intend to evaluate in the link and system evaluations were described. The practical algorithms were based on the TPC commands. An initial performance evaluation of the discussed schemes is presented in [2].
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