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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.

While the impacts of switched antenna transmit diversity (SATD) on existing UE RF transmitter core requirements has been discussed in [2], in this contribution, we discuss the introduction of additional test requirements for testing switched antenna transmit diversity capable devices.
2
SATD Transmitter
In Figure 1, a block diagram of a SATD transmitter is shown. As seen in Figure 1, besides the introduction of a switch, an additional duplexer and an additional transmit antenna (referred to as secondary or diversity antenna), the rest of the transmitter is identical to a legacy UE that transmits on a single antenna only. 
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Figure 1: Block Diagram of SATD transmitter

3
Core Tx Core Requirements for SATD

Due to the introduction of an additional duplexer and additional transmit antenna in the SATD transmit chain, it is proposed in [2] that in addition to testing all the UE Tx core requirements as defined in existing specifications on the primary antenna, only the Tx core requirements that are impacted by the additional second duplexer should be tested separately on the secondary or diversity antenna. 

In other words, in [2] the following is proposed:

· Statically configure the UE to transmit on the primary transmit antenna, and test against all existing core Tx requirements.

· Statically configure the UE to transmit on the secondary transmit antenna, and test for a subset of existing Tx core requirements

 In the next section, we discuss additional Tx core requirements specific to SATD UEs
4
Additional Tx Core Requirements for SATD UE
4.1
Antenna Switching Rate

We recognize that there is a dynamic aspect to SATD that warrants an additional Tx core requirement. Due to the dynamic switching of the transmit antennas in the UE, there is a potential impact to NodeB receiver. In particular, at the point of switching antennas, there is amplitude and phase discontinuity induced in the channel, since the channel impulse responses between each of the UE transmit antennas and the NodeB receive antennas are in general independent. This in turn could potentially impact the channel estimation sub-system in the NodeB receiver leading to an increase in pilot (DPCCH) SNR operating point.
The RAN1 study conducted so far on SATD has demonstrated a sensitivity of the NodeB receiver loss to the antenna switching rate. Hence it is but natural to introduce a new transmit core requirement for SATD devices that limits the transmit antenna switching rate in terms of the number of antenna switches per second (for example, 20 antenna switches per second).
The additional Tx core requirement to test for the antenna switching rate could be verified with a setup as shown in Figure 2.
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Figure 2: Testing Antenna Switching Rate in SATD devices
At a high level, the test setup can be summarized as follows:

· System Simulator (SS) sets up a call with the UE.

· Once the UE is in CELL_DCH, SS sends a dummy pattern of TPC bits to UE
· The choice of dummy TPC pattern is TBD and can be determined based on collecting traces of TPC bits from a link simulation.
· SS detects when an antenna switch happens  by sensing the absence or presence of a signal at it’s receiver
· UE should be transmitting at a sufficiently high power to allow for the SS to detect its absence.

· When the UE switches to the secondary or diversity antenna, there is no connection with the SS receiver.
4.2
Minimum Output Transmit Power from inactive antenna

We also recognize the fact that when the UE is transmitting on a particular antenna, depending on the transmit power leakage introduced by the switch in Figure1, there could be some power output from the inactive antenna. Hence, it would be good to capture a Tx core requirement against this aspect of the antenna switching operation.

The test requirement on the minimum output power from the inactive antenna could be introduced as follows:

· Configure the UE to transmit on the primary antenna port at maximum power and measure the power at the output of the secondary antenna

· Configure the UE to transmit on the secondary antenna port at maximum power and measure the power at the output of the primary antenna

5
Conclusions
In this document, we discussed the need to introduce two additional Tx core requirements for switched antenna transmit devices. The first requirement limits the UE transmit antenna switching rate which in turn is a measure of the potential NodeB receiver impact due to discontinuities in channel estimation. The second requirement imposes a limit on the leakage in transmit power to the inactive antenna when the SATD UE transmits on the actives antenna. It is proposed that RAN WG4 discuss the merits and details of specifying these requirements further and capture the proposed additional Tx core requirements in the 25.863 TR on UL Transmit Diversity [3].
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