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1
Introduction

In [1], a study item on UL Transmit Diversity for HSPA was introduced in RAN#45. The scope of the study covers both switched antenna and beamforming transmit diversity schemes that do not require any new standardised dynamic feedback signalling between the network and the UE.
A part of the objective of this study item requires RAN WG4 to investigate the following:

For RAN WG4 (starting after RAN#46):

· Agree on baseline assumptions and reference UE architecture for simulation.

· Investigate the impacts on the UE implementation.

· Investigate how to ensure that the UE operating an uplink Tx diversity will not cause any detrimental effects to overall system performance. Issues such as wrongly directed transmit beam should be considered.

· Investigate the impacts of Tx diversity on existing BS and UE RF and demodulation performance requirements, and analyse how to derive any additional performance/test requirements that are deemed needed as an outcome of the study, as well as understand the impacts of any such new requirements.

In this contribution, we investigate the impact of both switched antenna transmit diversity (SATD) and beamforming transmit diversity (BFTD) to UE implementation.
2
UE Implementation Impact due to SATD
In Figure 1, a block diagram of a SATD UE transmitter is shown. As seen in Figure 1, the transmit chain is identical to a legacy UE that transmits on a single antenna only, until the output of the power amplifier (PA)
The SATD UE differs from a non-ULTD legacy UE as follows:

· Antenna Selection Logic to decide which transmit antenna the UE should transmit on. One example of this logic is described in [2], wherein the logic to decide to switch or not is based on accumulated TPC commands fed back from the NodeB to the UE. This nominal rate at which this logic can be executed is once per radio frame [2].

· Additional duplexer for the 2nd transmit antenna

· 2nd transmit antenna

· RF Switch to switch between one of the duplexer/antennas
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Figure 1: Block Diagram of SATD transmitter

3
UE Implementation Impact due to BFTD
In Figures 2 and 3, a block diagram of a BFTD UE transmitter is shown. As seen in Figure 2, the transmit chain is identical to a legacy UE that transmits on a single antenna only, until the output of the modulation block. 
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Figure 2: Block Diagram of BFTD transmitter
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Figure 3: Beamforming Logic
The BFTD UE differs from a non-ULTD legacy UE as follows:

· Introduction of a beamforming block at the output of the modulation block.
· Note that the beamforming block could be implemented in digital base-band and performed prior to RF modulation. In that case, there may be a need to introduce an additial Digital to Analogue converter (DAC).

· There are 2 aspects to the beamforming block

· Selection of beamforming weights: An example of the logic based on processing TPC commands fed back from the NodeB to the UE can be found in the reference beamforming algorithm described in [2]. The nominal rate at which the logic is executed is once every radio slot (0.667ms).

· Application of beamforming weights: The details of the processing involved are shown in Figure 3. In the most general case, the UE applies an amplitude and a phase offset between the two transmit paths.

· The amplitude and phase offset may belong to a finite quantized set.

· Additional power amplifier (PA)

· This in turn requires an additional PA calibration procedure

· Additional duplexer for the 2nd transmit antenna

· 2nd transmit antenna

4
Summary of UE Implementation Impact due to ULTD

The impact to the UE implementation due to UL Transmit Diversity in HSPA can be summarized in Table 1 for both SATD and BFTD UEs.
Table 1: Summary of UE Implementation Impact

	
	Baseline non-ULTD UE
	SATD UE
	BFTD UE

	ULTD Control or Decision Logic
	N/A
	Antenn selection algorithm to select transmit antenna. 
	Beamforming weight selection algorithm to select relative Amplitude and phase between the pair of antennas

	Additional ULTD related logic
	
	RF switch to switch between the two antennas
	2 real multipliers               (second antenna amplitude)                   1 complex multiplier and LUT† (second antenna, phase)

	Nominal rate of execution of ULTD logic
	N/A
	Once per radio frame (10ms)
	Once per radio slot (0.667ms)

	Number of DACs
	1
	1
	2‡

	Number of Power Amplifiers
	1
	1
	2

	Number of Duplexers
	1
	2
	2

	Number of Transmit Antennas
	1
	2
	2

	
	
	Note: If the non-ULTD legacy UE supports Rx diversity, there is no need to have an additional 2nd transmit antenna.


†: Size of LUT to store complex phasors can vary between 8 and 32.
‡: If beamformer block is implemented in digital base-band and is interchanged with the modulator block.
4
Conclusions
In this document, we have discussed the UE implementation impact due to both UL Tx diversity schemes being considered for HSPA i.e Switched Antenna Transmit Diversity (SATD) and Beamforming Transmit Diversity (BFTD). It is proposed that the content of this document is captured as a text proposal to 25.863 TR on UL Transmit Diversity [2].
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