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1
Introduction
In the last RAN WG4 meeting, an LS [1] from RANWG5 was discussed, based on a proposal to introduce a new test methodology in HSPA to test UEs with two transmit antennas and two transmit chains. The purpose of the LS was to request RAN WG4 to investigate if any modification is required to the RAN WG4 core specifications due to this. However, RAN4 WG4 noted the LS and the associated contributions [2, 3], and need more time to study/discuss on the potential impact from the UE with uplink antenna transmit diversity.
The uplink transmit antenna diversity can be categorized into open loop transmit diversity and closed loop transmit diversity. According to [4], the definition of the open loop and closed loop transmit diversity are described following:

· Open Loop Transmit Diversity

·   These schemes do not rely on any change to the physical layer channels (both on the uplink and the downlink) or L1/L2 procedures. 

·   In other words there is no explicit exchange of information between the UE and NodeB for the purpose of uplink transmit diversity. 

·   The UTRAN is unaware of the transmit diversity capability of the UE.

· Closed Loop Transmit Diversity: 

·   These schemes do require some modification to the physical layer channels (downlink and/or uplink).

·   The modification is needed to allow for explicit exchange of information between the UE and NodeB for the purpose of uplink transmit diversity.

·   The UTRAN would need to be aware of whether the UE is capable of transmit diversity or not, and hence RRC signaling would be needed to support this.

We would like to introduce the uplink transmit diversity to the HSPA releases (networks) based on the significant benefit shown in the field trials [5]. The specific uplink transmit diversity technology proven in the field trials is an open loop transmit diversity, according to the aforementioned definition. To avoid the specification (Standards) change on the Physical layer or L1/L2 procedures for the well established HSPA release, we would like to limit the introduced uplink transmit diversity to the “open loop” transmit diversity for HSPA release.
The open loop transmit diversity may include beamforming transmit diversity and switched antenna transmit diversity [4]. In this document, we characterize Transmit ON/OFF power for the UE with beamforming transmit diversity and evaluate its impact on the minimum requirements specified in TS 25.101 [6]. Other transmitter characteristics of the UE will be analyzed in the separate contributions [7, 8, 9, 10, 11, 12]. 
2
Uplink beamforming transmit diversity 

Figure 1 shows the architecture of the beamforming transmit diversity for the UE’s we would like to analyze. 

[image: image1]
Figure 1: Transmit Beamforming: one transmit chain, two PAs, two transmit antennas
Figure 1 corresponds to connecting the output of an existing legacy transmit chain at the output of the modulator to a transmit beamformer, whose outputs connect to the two power amplifiers and then to transmit antenna ports.  The maximum power of power amplifiers can be limited to half (3 dB lower) of that of the power amplifier used in the same class UE. These ½-power amplifiers are used to meet the same maximum power specification of the “same-class” regular (non-transmit diversity) UE.

Figure 2 shows the relationship of the two transmit signals at the antenna ports. For the UE, the path losses from the beamformer to the two antenna ports are calibrated. In addition, the changes of the relative phase and amplitude ratio happen only between the slots.
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Figure 2: Transmit Beamforming
In the rest of the document, the scope of the discussion is limited to this beamforming transmit diversity scheme (Figure 1).
3
Test setup for beamforming transmit diversity
Figure 3 illustrates the basic test setup for testing UEs with single transmit antenna. Figure 4 and Figure 5 show the proposed test setups of the combined test and the separate test for the conformance tests on the UE capable of beamforming transmit diversity. 
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Figure 3: Connection for basic single cell tests
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Figure 4: Connection for basic single cell tests using the combiner to connect both antenna ports of the UE with uplink transmit diversity
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Figure 5  Connection for basic single cell tests at the separate antenna port of the UE with uplink transmit diversity

For testing separately, one antenna port is under test, the other antenna port should be terminated appropriately.

UE conformance tests are used to make sure UE hardware meets the minimum requirements so that the system performance can be guaranteed. Conformance tests are performed with the conducted since it is impractical for the conformance test to be done on the air. 

For the UE capable of beamforming transmit diversity having two antenna ports, two power amplifiers, and one transmitter, we recommend to perform the conformance tests on the combined output from the two antenna ports, though they can also be done on each antenna port separately. A combiner is needed for the combined tests. The two signals can not be out-of-phase through the combiner so that the combined output is not nulled and the measurement can be done. The relative phase between these two signals at the combiner hence needs to be specified to guarantee the measurement accuracy. On the other hand, the separate measurements (on each antenna port) will results in two numbers. We also suggest on how to process these data measured on both antenna ports for conformance tests. 
4
Transmit ON/OFF power
4.1
Transmit OFF Power
As per Section 6.4 in 25.101[6], the Transmit OFF power is defined as follows:

The Transmit OFF power is defined as the RRC filtered mean power when the transmitter is off. The transmitter is considered to be off when the UE is not allowed to transmit or during periods when the UE is not transmitting DPCCH due to discontinuous uplink DPCCH transmission. During UL compressed mode gaps, the UE is not considered to be off.
Furthermore the minimum requirement is defined as

The transmit OFF power is defined as the RRC filtered mean power in a duration of at least one timeslot excluding any transient periods. The requirement for the transmit OFF power shall be less than -56 dBm.
For the UE capable of beamforming transmit diversity, the two power amplifiers and the transmitter can be turned off simultaneously. 
For the UE that are capable of beamforming transmit diversity, transmit OFF power can be tested at the combined output within the required measurement accuracy (0.15 dB) provided the phase difference between signals is within a predetermined acceptable tolerance (15 degrees).

If the test is performed separately for each antenna port, the transmit OFF power of the UE is the sum of the transmit OFF power measured at each antenna port. The calculation of the summation is adding the power in linear scale.
Hence we propose the following for UEs that are capable of beamforming transmit diversity:
Proposal 1: Apply the existing requirement of Transmit OFF power as specified in Section 6.5.1.1 of 25.101[6].
4.2
Transmit ON/OFF Time Mask

The transmitter characteristic Transmit ON/OFF Time mask is intended to capture the transient performance of the UE when the UE transmitter is switched ON from the OFF state. For the UE capable of beamforming transmit diversity should be able to provide an optimized (maximum) combined output before the call setup (i.e., the two signals at the antenna ports are in phase). The beamforming transmit diversity will hence not affect the power setting of the first PRACH preamble.

For the UE that are capable of beamforming transmit diversity, transmit ON/OFF time mask can be tested at the combined output within the required measurement accuracy (0.15 dB) provided the phase difference between signals is within a predetermined acceptable tolerance (15 degrees).
The test can also be performed separately on each antenna ports. Both the transmit ON/OFF time mask tested on each antenna port should meet the same minimum requirement.
Hence we propose the following for UEs that are capable of beamforming transmit diversity:
Proposal 2: Apply the existing requirement of Transmit ON/OFF time mask as specified in Section 6.5.2.1 of 25.101[6].
4.3
Change of TFC

The Change of TFC test is related to a change of output power is required when the TFC, and thereby the data rate, is changed. The measurement of the power step is performed in the presence of DPCCH being power controlled (ILPC). For the UE capable of beamforming transmit diversity, the relative phase between the two RF outputs may be changed on slot boundary. The phase can also be kept constant on the slots before and after the TFC is changed. In this case, the beamforming transmit diversity does not affect power level setting due to the change of TFC. 
For the UE that are capable of beamforming transmit diversity, transmit ON/OFF time mask can be tested at the combined output within the required measurement accuracy (0.15 dB) provided the phase difference between signals is within a predetermined acceptable tolerance (15 degrees).

The test can also be performed separately on each antenna ports. Both the change of TFC tested on each antenna port should meet the same minimum requirement.

Hence we propose the following for UEs that are capable of beamforming transmit diversity:
Proposal 3: Apply the existing requirement of change of TFC test as specified in Section 6.5.3.1 of 25.101[6].
4.4
Power setting in uplink compressed mode

For the UE with the beamforming transmit diversity, the phase can be frozen during the gap period in the uplink compressed mode. The power setting on the slot after gap period is not affected by the beamforming transmit diversity. 
For the UE that are capable of beamforming transmit diversity, power setting in uplink compressed mode can be tested at the combined output within the required measurement accuracy (0.15 dB) provided the phase difference between signals is within a predetermined acceptable tolerance (15 degrees).

The test can also be performed separately on each antenna ports. Both the power setting in uplink compressed mode tested on each antenna port should meet the same minimum requirement.

Hence we propose the following for UEs that are capable of beamforming transmit diversity:
Proposal 4: Apply the existing requirement of power setting in uplink compressed mode as specified in Section 6.5.4.1 of 25.101[6].
4.5
HS-DPCCH

Power steps for the HS-DPCCH test are defined on the HS-DPCCH slot boundaries. The mean powers used to calculate a power step are in the same regular (DPCCH) slot since there is a time offset between the HS-DPCCH and DPCCH. For the UE with beamforming transmit diversity, the relative phase of two diversity paths is kept constant through the slot which is the same period for the mean power measurements. The beamforming transmit diversity hence does not affect the power steps defined on the HS-DPCCH slot boundary. 
For the UE that are capable of beamforming transmit diversity, HS-DPCCH (power setting) can be tested at the combined output within the required measurement accuracy (0.15 dB) provided the phase difference between signals is within a predetermined acceptable tolerance (15 degrees).

The test can also be performed separately on each antenna ports. Both the HS-DPCCH tests on each antenna port should meet the same minimum requirement.

Hence we propose the following for UEs that are capable of beamforming transmit diversity:
Proposal 5: Apply the existing requirement of HS-DPCCH test as specified in Section 6.5.5.1 of 25.101[6].
5
Conclusions
In this document, we have analyzed transmit ON/OFF power of the UE with the beamforming transmit diversity for HSPA. We proposed the following:

Proposal 1: Apply the existing requirement of Transmit OFF power as specified in Section 6.5.1.1 of 25.101[6].
Proposal 2: Apply the existing requirement of Transmit ON/OFF time mask as specified in Section 6.5.2.1 of 25.101[6].
Proposal 3: Apply the existing requirement of change of TFC test as specified in Section 6.5.3.1 of 25.101[6].
Proposal 4: Apply the existing requirement of power setting in uplink compressed mode as specified in Section 6.5.4.1 of 25.101[6].
Proposal 5: Apply the existing requirement of HS-DPCCH test as specified in Section 6.5.5.1 of 25.101[6].
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