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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 the Output RF spectrum emissions 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
Output RF spectrum emissions
4.1
Occupied bandwidth

The proposed beamforming transmit diversity use one transmitter and two power amplifiers. We do not expect occupied bandwidth will be affected by the extra power amplifier or the beamformer. 

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 (1.38 dB) provided the phase difference between signals is within a predetermined acceptable tolerance (45 degrees).

The test can also be performed separately on each antenna ports. Both the occupied bandwidth tests on both antenna ports should meet the same minimum requirement.
Hence we propose the following for UEs that are capable of beamforming transmit diversity:
Proposal 1: Apply the existing requirement of Occupied bandwidth as specified in Section 6.6.1 of 25.101[6].
4.2
Out of band emission

4.2.1
Spectrum Emission Mask

The proposed beamforming transmit diversity use one transmitter and two power amplifiers. The spectrum may re-grow on active devices if they are non-linear. The beamforming transmit diversity technology itself does not pronounce spectrum emission. In addition, this requirement is to limit the UE’s noise to other channels. 
For the UE capable of beamforming transmit diversity, the test of Spectrum Emission Mask can be done on each antenna port separately or done on the combined output directly. 
For the UE that are capable of beamforming transmit diversity, spectrum emission 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 port. The measured spectrum emissions (chosen the higher one from the relative requirement or the absolute requirement) from the both antenna port are then summed up in the linear scale.  

Hence we propose the following for UEs that are capable of beamfoming transmit diversity:
Proposal 2: Apply the existing requirement of Spectrum Emission Mask as specified in Section 6.6.2.1.1 of 25.101[6].
4.2.2
Adjacent Channel Leakage Ratio (ACLR)

The proposed beamforming transmit diversity use one transmitter and two power amplifiers. The spectrum may re-grow on active devices if they are non-linear. The beamforming transmit diversity technology itself does not pronounce Adjacent Channel Leakage. In addition, Adjacent Channel Leakage “RATIO” will not change at the base station whether the two diversity signals are coherently combined or incoherent. Therefore, we do not see the need to modify the current specification of ACLR for the UE with beamforming transmit diversity.

For the UE capable of beamforming transmit diversity, the test of ACLR may be done on each antenna port separately or done on the combined output directly. 

For the UE that are capable of beamforming transmit diversity, ACLR can be tested at the combined output within the required measurement accuracy (1.38 dB) provided the phase difference between signals is within a predetermined acceptable tolerance (45 degrees).

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

Hence we propose the following for UEs that are capable of beamfoming transmit diversity:
Proposal 3: Apply the existing requirement of ACLR as specified in Section 6.6.2.2.1 of 25.101[6].
4.3
Spurious emissions

The proposed beamforming transmit diversity use one transmitter and two power amplifiers. The Spurious emissions are generated from non-linear operations of active devices. It is possible the integration of beamforming transmit diversity may enhance the non-linear operation through the coupling of the two transmit signals. Nevertheless. It will not be an issue if we require the UE capable of beamforming transmit diversity to meet the existing Spectrum emissions specification. Similar to ACLR, the Spectrum emissions will not be enhanced at the base station whether the two diversity signals are coherently combined or incoherent. Therefore, we do not see the need to modify the current specification of Spectrum emissions for the UE with beamforming transmit diversity.

For the UE capable of beamforming transmit diversity, the test of spurious emissions may be done on each antenna port separately or done on the combined output directly. 

For the UE that are capable of beamforming transmit diversity, spurious emissions 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 port. The measured spurious emissions from the both antenna port are then summed up in the linear scale.  

Hence we propose the following for UEs that are capable of beamfoming transmit diversity:
Proposal 4: Apply the existing requirement of Spurious emissions as specified in Section 6.6.3.1 of 25.101[6].
5
Conclusions
In this document, we have analyzed output RF spectrum emissions of the UE with the beamforming transmit diversity for HSPA. We proposed the following:

Proposal 1: Apply the existing requirement of Occupied bandwidth as specified in Section 6.6.1 of 25.101[6].
Proposal 2: Apply the existing requirement of Spectrum Emission Mask as specified in Section 6.6.2.1.1 of 25.101[6].
Proposal 3: Apply the existing requirement of ACLR as specified in Section 6.6.2.2.1 of 25.101[6].
Proposal 4: Apply the existing requirement of Spurious emissions as specified in Section 6.6.3.1 of 25.101[6].
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