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1
Introduction
In RAN WG4 50bis 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. 

In this document, we propose another form of uplink transmit diversity (ULTD) referred to as Switched Antenna Transmit diversity that utilizes a single transmit chain, and single power amplifier (PA) but still uses one of two transmit antennas at a given time. An analysis of the UE transmitter characteristics is provided for this mode of uplink transmit diversity.
2
Uplink Transmit Diversity Modes
In this section, we present different modes of uplink transmit diversity in HSPA using two antenna transmit ports. We note that uplink transmit diversity methods can be broadly classified into two categories:

· 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 (NB) 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.
Furthermore, either of the transmit diversity schemes (open loop or closed loop) can be classified as follows:

·  Switched Antenna Transmit Diversity
·  Transmit Beamforming
2.1
Switched Antenna Transmit Diversity
Figure 1 illustrates the switched antenna uplink transmit diversity scheme in HSPA. In this case the physical layer processing, including spreading, modulation and the power amplifier is identical to a legacy device. The output of the modulator is switched between the two transmit antennas based on the UE’s knowledge of which is the best antenna to transmit on.
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Figure 1: One transmit chain, Two antenna transmit ports: Switched Transmit Antenna Diversity
2.2
Transmit Beamforming
Figures 2 and 3 illustrate two forms of uplink transmit diversity referred to as uplink transmit beamforming. In the most general terms (Figure 4), beamforming refers to splitting the incoming signal into two unequal power streams, with a phase shift (relative to the first steam) applied to the second stream. Both these schemes require 2 power amplifiers and two transmit antennas. The two schemes in Figures 2 and 3 differ based on the order in which the modulation and beamforming are performed. 
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Figure 2: Transmit Beamforming: One transmit chain, Two PAs, Two transmit antennas
Figure 2 corresponds to connecting the output of an existing legacy transmit chain at the output of the modulator to a transmit beamformer, whose outputs connect directly to the transmit antenna ports.
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Figure 3: Transmit Beamforming: Two transmit chains, Two PAs, Two transmit antennas
Figure 3 corresponds to beamforming the output of the spread signal and then modulating each of the outputs of the beamformer. Each modulated output then connects to a separate antenna.
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Figure 4: Transmit Beamforming
In the rest of the document, the scope of the discussion is limited to the open loop switched antenna transmit diversity scheme (Figure 1).
3
Test setup for switched antenna transmit diversity
Figure 5 illustrates the basic test setup for testing UEs with single transmit antenna. In Figure 6 we illustrate the proposed test setup to test switched antenna transmit diversity on the uplink. Measurement will be done at the combiner output, which carries the output from either of the two antenna ports at any given time. 
Figure 7 illustrates a block diagram of the RF front end of such a device that interfaces with the two antennas. Note that until the output of the power amplifier, everything remains the same compared to a legacy UE implementation with Rx diversity capability. The only change is the introduction of a switch, whose outputs are connected to the transmit inputs of the duplexers.
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Figure 5: Connection for basic single cell tests
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Figure 6: Connection for basic single cell tests using the combiner to connect both antenna ports of the UE with one transmit chain and two transmit antenna ports
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Figure 7: Switched Antenna Diversity: Block diagram of RF Front End
4
Analysis of UE Transmitter Characteristics
In this section we perform an analysis of UE transmitter characteristics due to the introduction of switched transmit antenna diversity on the uplink in HSPA. In particular, we analyze each of the existing UE transmitter characteristics as specified in 25.101 as listed in Table 1.
Table 1: UE Transmitter Characteristics

	Section Number in 25.101
	UE Transmitter Characteristics

	6.2
	Transmit power

	6.2.1
	UE maximum output power

	6.2.2
	UE maximum output, power with HS-DPCCH and E-DCH

	6.2.3
	UE Relative code domain power accuracy

	6.3
	Frequency Error

	6.4
	Output power dynamics

	6.4.1
	Open loop power control

	6.4.2
	Inner loop power control in the uplink

	6.4.2.1
	Power control steps

	6.4.3
	Minimum output power

	6.4.4
	Out-of-synchronization handling of output power

	6.5
	Transmit ON/OFF power

	6.5.1
	Transmit OFF power

	6.5.2
	Transmit ON/OFF Time Mask

	6.5.3
	Change of TFC

	6.5.4
	Power setting in uplink compressed mode

	6.5.5
	HS-DPCCH

	6.6
	Output RF spectrum emissions

	6.6.1
	Occupied bandwidth

	6.6.2
	Out of band emission

	6.6.2.1
	Spectrum Emission Mask

	6.6.2.2
	Adjacent Channel Leakage power Ratio (ACLR)

	6.6.3
	Spurious emissions

	6.7
	Transmit Intermodulation

	6.8
	Transmit modulation

	6.8.1
	Transmit Pulse Shape Filter

	6.8.2
	Error Vector Magnitude

	6.8.3
	Peak Code Domain Error

	6.8.3a
	Relative code domain error

	6.8.4
	Phase discontinuity for uplink DPCH

	6.8.5
	Phase discontinuity for HS-DPCCH

	6.8.6
	Phase discontinuity for E-DCH


Basic Assumptions for Switched Antenna Diversity

In following analysis of each UE transmitter characteristic, we assume the following for UEs with switched antenna transmit diversity capability:

· Each test is performed at the output of the combiner of two transmit antennas (Figure 5). 
· Calibrations
· Any differences between the two paths from the switch to the antenna ports, including both pathloss and relative phase, should be calibrated.
· Any differences between the two paths from the antenna ports to the combiner output, including both pathloss and relative phase, should be calibrated.
· Constraints

· Antenna switching is constrained to happen between timeslots.

· Antenna switching does not happen when a UE is transmitting a PRACH preamble.
· Antenna switching does not happen during the slot when the TFC (Transport Format Combination) in uplink changes.
· Antenna switching does not happen during the compress mode (CM).
· Antenna switching does not happen during the slot when HS-DPCCH appears.
4.1
Transmit Power
4.1.1
UE maximum output power

In Section 6.2.1 of 25.101[4], the UE transmit power is defined as follows:

The nominal power defined is the broadband transmit power of the UE, i.e. the power in a bandwidth of at least (1+α) times the chip rate of the radio access mode. The period of measurement shall be at least one timeslot.

For a UE capable of switched antenna transmit diversity, there is a single PA in the UE and only one of the antennas is transmitting at any given instant of time, therefore the maximum transmit power is adhered to from the active antenna port. Furthermore, since we assume that the antenna switching is limited to the slot boundary, the same definition of UE transmit power measurement period applies here.
Hence we propose the following for UEs that are capable of switched transmit antenna diversity:
Proposal 1a: Reuse the same definition of UE transmit power and measurement period as defined in Section 6.2.1, 25.101[1].
Proposal 1b: Apply the same power classes and associated power tolerances as defined in Table 6.1 in 25.101 [4].
Proposal 1c: There is no need to specify further new power classes and associated power tolerances.
4.1.2
UE maximum output, power with HS-DPCCH and E-DCH

For similar reasons as provided in the previous section, we do not see any need to modify the Maximum Power Reduction (MPR) requirement as defined in Table 6.1A in Section 6.2.2 of 25.101[4].
Hence we propose the following for UEs that are capable of switched transmit antenna diversity:
Proposal 2: Apply the same requirement of UE maximum output power with HS-DPCCH and E-DCH as specified in Table 6.1A in Section 6.2.2 of 25.104[4].
4.1.3
UE relative code domain error accuracy
In Section 6.2.3 of 25.101[4], the UE Relative code domain power accuracy is defined as follows:

The UE Relative Code Domain Accuracy is a measure of the ability of the UE to correctly set the level of individual code powers relative to the total power of all active codes. When the UE uses 16QAM modulation on any of the uplink code channels the IQ origin offset power shall be removed from the Measured CDP ratio; however, the removed relative IQ origin offset power (relative carrier leakage power) also has to satisfy the applicable requirement. The measure of accuracy is the difference between two dB ratios:


UE Relative CDP accuracy = (Measured CDP ratio) - (Nominal CDP ratio)

where


Measured CDP ratio = 10*log((Measured code power) / (Measured total power of all active codes))


Nominal CDP ratio = 10*log((Nominal CDP) / (Sum of all nominal CDPs))

The nominal CDP of a code is relative to the total of all codes and is derived from beta factors. The sum of all nominal CDPs will equal 1 by definition.

NOTE:
The above definition of UE relative CDP accuracy is independent of variations in the actual total power of the signal and of noise in the signal that falls on inactive codes.
The required accuracy of the UE relative CDP is given in table 6.1B. The UE relative CDP accuracy shall be maintained over the period during which the total of all active code powers remains unchanged or one timeslot, whichever is the longer.

Antenna switching is constrained to happen between slots and hence the accuracy of the relative code domain error is unaffected due to the switching.
Hence we propose the following for UEs that are capable of switched transmit antenna diversity:
Proposal 3: Apply the same requirement of UE Relative CDP accuracy as specified in Table 6.1B in Section 6.2.3 of 25.101[4].
4.2
Frequency Error
The UE frequency error requirement defined over a period of one timeslot is specified in Section 6.3 in 25.101[4].
As shown in Figure 1, for UEs capable of switched antenna transmit diversity, there is only one transmit chain available which is responsible for the frequency accuracy. 

Hence we propose the following for UEs that are capable of switched transmit antenna diversity:
Proposal 4: Apply the same requirement of Frequency Error as specified in Section 6.3 of 25.101[4].
4.3
Output Power Dynamics
4.3.1
Open Loop Power Control

The test requirement in Section 6.4.1 of 25.101[4], requires that the UE be able to set its output power to a specified value. Since UE still uses a single PA and we assume that any differences between the two paths from the switch to the combiner output are calibrated, UE should be able to attain a specified transmit power from the combiner of the two antenna ports.
Hence we propose the following for UEs that are capable of switched transmit antenna diversity:
Proposal 5: Apply the existing requirement of Open Loop Power Control as specified in Section 6.4.1 of 25.101[4].
4.3.2
Inner loop power control in the uplink

Inner loop power control in the uplink is a very important physical layer procedure and is critical to ensuring stability, and system performance (capacity and coverage) of an HSPA system. With regard to a UE that is capable switched antenna transmit diversity, it is important to ensure that whenever the UE switches antennas at a timeslot boundary, the power control step size corresponding to the UP/DOWN command is maintained. In general, there exists antenna imbalance between the two transmit antennas. However, since we assume the two antenna paths including the combiner have been well calibrated, we do not expect to any impact on the UE’s response to ILPC commands.
Hence we propose the following for UEs that are capable of switched transmit antenna diversity:

Proposal 6: Apply the existing requirement of the ILPC as specified in Section 6.4.2 of 25.101[4].
4.3.3
Minimum Output Power
In Section 6.4.3 of 25.101[4], the Minimum Output Requirement is defined as follows:
The minimum output power is defined as the mean power in one time slot. The minimum output power shall be less than -50 dBm.

Since we assume a single power amplifier (PA) and that any differences between the two paths from the switch to the combiner output are calibrated, UE should be able to attain the minimum transmit power from the combiner of the two antenna ports. Furthermore, the antenna switching is constrained to happen between timeslots.

Hence we propose the following for UEs that are capable of switched transmit antenna diversity:
Proposal 7: Apply the existing requirement of Minimum Output Power as specified in Section 6.4.3 of 25.101[4].
4.3.4
Out of synchronization handling of output power

This test requirement as specified in Section 6.4.4 of 25.101[4] is a measure of the UE receiver performance in monitoring the DL DPCCH quality and is independent of whether the UE is transmitting on a single or two antennas. Furthermore the test case requires the UE to turn on and off the transmitter which is again independent of which antenna the UE is transmitting on.
Hence we propose the following for UEs that are capable of switched transmit antenna diversity:
Proposal 8: Apply the existing requirement of Out of synchronization handling of output power as specified in Section 6.4.4 of 25.101[4].
4.4
Transmit ON/OFF power

4.4.1
Transmit OFF Power
As per Section 6.4 in 25.101[4], 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.
Turning off the transmitter is independent of which antenna the UE was transmitting on and hence we conclude that the existing requirements apply for UEs with switched antenna transmit diversity capability.
Hence we propose the following for UEs that are capable of switched transmit antenna diversity:
Proposal 9: Apply the existing requirement of Transmit OFF power as specified in Section 6.5.1.1 of 25.101[4].
4.4.2
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. This characteristic is independent of the antenna switching which happens when the UE transmitter is ON. Furthermore our assumption is that antenna switching does not occur when the UE transmits a PRACH preamble.
Hence we propose the following for UEs that are capable of switched transmit antenna diversity:
Proposal 10: Apply the existing requirement of Transmit ON/OFF Time Mask as specified in Section 6.5.2 of 25.101[4].
4.4.3
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). Since our assumption is that antenna switching does not occur during the slot when the TFC changes, there is no need to make changes to the existing requirement.
Hence we propose the following for UEs that are capable of switched transmit antenna diversity:
Proposal 11: Apply the existing requirement of Change of TFC test requirement as specified in Section 6.5.3 of 25.101[4].
4.4.4
Power setting in uplink compressed mode

Since our assumption is that antenna switching does not occur during the uplink compress mode, there is no need to make changes to the existing requirement.

Proposal 12: Apply the existing requirement of the Power setting in UL Compressed Mode test requirement as specified in Section 6.5.4.1 of 25.101[4].
4.4.5
HS-DPCCH

Since our assumption is that antenna switching does not occur during the slot when HS-DPCCH appears, there is no need to make changes to the existing requirement.
Proposal 13: Apply the existing requirement of the Power setting in HS-DPCCH test requirement as specified in Section 6.5.5.1 of 25.101[4].
4.5
Output RF spectrum emissions

In the following, we evaluate the impact on output RF spectrum emissions due to switched antenna transmit diversity.
4.5.1
Occupied bandwidth

Since we assume a single transmit chain and a single power amplifier, we do not expect any impact to the occupied bandwidth of the transmitted signal due to antenna switching.

Hence we propose the following for UEs that are capable of switched transmit antenna diversity:
Proposal 14: Apply the existing requirement of Occupied bandwidth as specified in Section 6.6.1 of 25.101[4].
4.5.2
Out of band emission
4.5.2.1
Spectrum Emission Mask

Since we assume a single transmit chain and a single power amplifier, we do not expect any impact to the spectrum emission mask characteristic of the transmitted signal due to antenna switching.

Hence we propose the following for UEs that are capable of switched transmit antenna diversity:
Proposal 15: Apply the existing requirement of Spectrum Emission Mask as specified in Section 6.6.2.1 of 25.101[4].
4.5.2.2
Adjacent Channel Leakage Ratio (ACLR)

Since we assume a single transmit chain and a single power amplifier, we do not expect any impact to the ACLR characteristic of the transmitted signal due to antenna switching.

Hence we propose the following for UEs that are capable of switched transmit antenna diversity:
Proposal 16: Apply the existing requirement of Spectrum Emission Mask as specified in Section 6.6.2.2 of 25.101[4].
4.5.3
Spurious emissions

Since we assume a single transmit chain and a single power amplifier, and identical and calibrated duplexers we do not expect any impact to the spurious emissions characteristic of the transmitted signal due to antenna switching.

Hence we propose the following for UEs that are capable of switched transmit antenna diversity:
Proposal 17: Apply the existing requirement of Spurious emissions as specified in Section 6.6.3 of 25.101[4].
4.6
Transmit Intermodulation

Since we assume a single transmit chain and a single power amplifier, and identical and calibrated duplexers we do not expect any impact to the transmit intermodulation characteristic of the transmitted signal due to antenna switching.

Hence we propose the following for UEs that are capable of switched transmit antenna diversity:
Proposal 18: Apply the existing requirement of Transmit Intermodulation as specified in Section 6.7 of 25.101[4].
4.7
Transmit modulation

4.7.1
Transmit Pulse Shape Filter
Since we assume a single transmit chain we do not expect any impact to the transmit pulse shape characteristic of the transmitted signal due to antenna switching.

Hence we propose the following for UEs that are capable of switched transmit antenna diversity:
Proposal 19: Apply the existing requirement of Transmit Pulse Shape Filter as specified in Section 6.8.1 of 25.101[4].
4.7.2
Error Vector Magnitude

Since we assume a single transmit chain and a single power amplifier, as well as the fact that the antenna switching occurs only at the slot boundary and any differences between two paths from the switching to the combiner output are calibrated, we do not expect any impact to the Error Vector Magnitude due to antenna switching.

Hence we propose the following for UEs that are capable of switched transmit antenna diversity:
Proposal 20: Apply the existing requirement of Error Vector Magnitude as specified in Section 6.8.2 of 25.101[4].
4.7.3
Peak/Relative Code Domain Error

Since the code domain error is mapped from the error vector in 4.7.2 to the code domain by a specific spreading factor. Due the same reasons in 4.7.2 that the error vector magnitude is not affected, we do not expect any impact to the peak code domain error characteristic of the transmitted signal due to antenna switching.

Hence we propose the following for UEs that are capable of switched transmit antenna diversity:
Proposal 21: Apply the existing requirement of Peak/Relative Code Domain Error as specified in Section 6.8.3 of 25.101[4].
4.7.4
Phase Discontinuity for uplink DPCH

Antenna switching could potentially introduce additional phase discontinuities to the transmitted signal. On the other hand, if a UE is well calibrated in the sense that any differences between the two paths from the switch to the combiner output are compensated, then the impact due to antenna switching could be eliminated.
Hence we propose the following:
Proposal 22: Apply the existing requirement of Phase Discontinuity for uplink DPCH as specified in Section 6.8.4 of 25.101[4].
4.7.5
Phase Discontinuity for HS-DPCCH

Since our assumption is that antenna switching does not occur during the slot when HS-DPCCH appears, we do not expect to see any impact on the phase discontinuity characteristics for HS-DPCCH due to antenna switching.
Hence we propose the following:
Proposal 23: Apply the existing requirement of Phase Discontinuity for HS-DPCCH as specified in Section 6.8.5 of 25.101[4].

4.7.6
Phase Discontinuity for E-DCH

Due to same reason as in 4.7.4 that calibrations between paths from the switch to the combiner output are well calibrated, we do not expect to see any impact on the phase discontinuity characteristics for E-DCH due to antenna switching.

Hence we propose the following:
Proposal 24: Apply the existing requirement of Phase Discontinuity for E-DCH as specified in Section 6.8.6 of 25.101[4].
5
Conclusions
In this document, we have discussed 3 different uplink transmit diversity schemes for HSPA. In particular, the open loop switched antenna uplink transmit diversity scheme for a 2-transmit antenna UE was discussed and analyzed in detail. We evaluated the impact of switched antenna uplink transmit diversity on the UE transmitter characteristics in as specified in 25.101. Due to the inherent characteristic of using a single transmit chain and a single power amplifier, as well as the fact that any differences between the paths from the switch to the antenna ports including the combiner are well calibrated, we observed that all of the UE transmitter characteristics specified in Section 6 25.101 remain unaffected. 
Below, we summarize a list of proposals for UEs that are capable of switched transmit antenna diversity:
Proposal 1a: Reuse the same definition of UE transmit power and measurement period as defined in Section 6.2.1, 25.101[1].

Proposal 1b: Apply the same power classes and associated power tolerances as defined in Table 6.1 in 25.101 [4] .

Proposal 1c: There is no need to specify further new power classes and associated power tolerances.

Proposal 2: Apply the same requirement of UE maximum output power with HS-DPCCH and E-DCH as specified in Table 6.1A in Section 6.2.2 of 25.104[4].

Proposal 3: Apply the same requirement of UE Relative CDP accuracy as specified in Table 6.1B in Section 6.2.3 of 25.101[4].

Proposal 4: Apply the same requirement of Frequency Error as specified in Section 6.3 of 25.101[4].

Proposal 5: Apply the existing requirement of Open Loop Power Control as specified in Section 6.4.1 of 25.101[4].
Proposal 6: Apply the existing requirement of the ILPC as specified in Section 6.4.2 of 25.101[4].
Proposal 7: Apply the existing requirement of Minimum Output Power as specified in Section 6.4.3 of 25.101[4].

Proposal 8: Apply the existing requirement of Out of synchronization handling of output power as specified in Section 6.4.4 of 25.101[4].

Proposal 9: Apply the existing requirement of Transmit ON/OFF Time Mask as specified in Section 6.5.1.1 of 25.101[4].

Proposal 10: Apply the existing requirement of Transmit ON/OFF Time Mask as specified in Section 6.5.2 of 25.101[4].

Proposal 11: Apply the existing requirement of Change of TFC test requirement as specified in Section 6.5.3 of 25.101[4].

Proposal 12: Apply the existing requirement of the Power setting in UL Compressed Mode test requirement as specified in Section 6.5.4.1 of 25.101[4].

Proposal 13: Apply the existing requirement of the Power setting in HS-DPCCH test requirement as specified in Section 6.5.5.1 of 25.101[4].
Proposal 14: Apply the existing requirement of Occupied bandwidth as specified in Section 6.6.1 of 25.101[4].

Proposal 15: Apply the existing requirement of Spectrum Emission Mask as specified in Section 6.6.2.1 of 25.101[4].

Proposal 16: Apply the existing requirement of Spectrum Emission Mask as specified in Section 6.6.2.2 of 25.101[4].

Proposal 17: Apply the existing requirement of Spurious emissions as specified in Section 6.6.3 of 25.101[4].

Proposal 18: Apply the existing requirement of Transmit Intermodulation as specified in Section 6.7 of 25.101[4].
Proposal 19: Apply the existing requirement of Transmit Pulse Shape Filter as specified in Section 6.8.1 of 25.101[4].
Proposal 20: Apply the existing requirement of Error Vector Magnitude as specified in Section 6.8.2 of 25.101[4].

Proposal 21: Apply the existing requirement of Peak Code Domain Error as specified in Section 6.8.3 of 25.101[4].

Proposal 22: Apply the existing requirement of Phase Discontinuity for uplink DCH as specified in Section 6.8.4 of 25.101[4].

Proposal 23: Apply the existing requirement of Phase Discontinuity for HS-DPCCH as specified in Section 6.8.5 of 25.101[4].

Proposal 24: Apply the existing requirement of Phase Discontinuity for E-DCH as specified in Section 6.8.6 of 25.101[4].
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