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1.  Introduction

The work item (WI) on “Uplink Transmit Diversity for HSPA” was approved in RAN#50 [1]. The WI consists of two parts: (1) closed-loop, and (2) open-loop UL TD for HSPA which does not require any new standardized dynamic feedback signaling between network and UE. 

For Open Loop ULTD, RAN4 will start the core requirements work after RAN#51. The modification of core requirements for the UE with OL ULTD will ensure coexistence with, and minimize the impact on, legacy devices not supporting transmit diversity. It is also intended to minimize the impact and the complexity on the terminal and the network.
In this contribution, we presented the general architecture of OL ULTD Beam-forming and analyzed the transmitter characteristics accordingly. The modification of the core requirements, if necessary, due to the OL ULTD is then proposed herein for the discussion.
Considering the transmit beam combining the RF signals on the air (coherent combining at NodeB receiver), we analyze UE transmitter characteristics based on following assumption: 

· We characterize the combined signal for a test item (of the transmitter characteristics) if the characteristic affects the NodeB receiver performance (e.g., EVM, phase discontinuity…) for the sake of accurate reflection of the actual impact.
· For items affecting the other UEs, we propose to sum up the measured results from all the operating antenna ports (e.g., spectrum emission…).
· Otherwise, we characterize the signals separately for each transmit antenna port for the sake of simplicity. 
2. Transmit Beam-forming
Figure 1 depicts a beam-former in general.
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Figure 1:  A Beam-former diagram
Note that the “relative” phase between the two antenna ports is 
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. A symmetrical phase implementation can minimize the phase discontinuity. The symmetrical phase implementation can be achieved by setting 
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 all the time.
To form a transmit beam, we can apply a phase(s) to the signals streamed to the multiple transmit antennas. The phases can be applied to the base band signals or the RF signal (i.e., before or after the up-converter). Figure 2 and Figure 3 shows the two different architectures to form a transmit beam. 

[image: image5]
Figure 2: Transmit Beam-forming: one transmit chain, two PAs, two transmit antennas


[image: image6]
Figure 3: Transmit Beam-forming: two transmit chains, two PAs, two transmit antennas

Figure 3 shows the UE with two transmitter chains, which will use more components. Note that Figure 3 shows the similar architecture for UL MIMO which has the capability of multiple signal streams for the higher rank transmission. 
3. Analysis of UE Transmitter Characteristics for Transmit  Beam-forming

Reviewing the transmitter characteristics described in Section 6, TS 25.101, and based on the aforementioned beam-forming architecture [3], we identify the affected items and propose the following section for discussion 
The following are our basic assumptions:
1. The UE power class will not be changed for the UE equipped with the OL ULTD.

2. Two Power Amplifiers (PA) will be used for OL UL Beam-forming. One PA will be a “full” PA. The other one can be the “fractional” PA, i.e. a device that with power rating lower than the one used for conventional single antenna UE (e.g., ½-power PA or ¼-power PA). This architecture will allow for both Tx DIV enabled and disabled modes, facilitating power saving at the former..
3. UE internal path gain/loss (up to antenna port) will be calibrated to the same value for the two TX chains with allowed tolerance.  

4. The “relative” phase change (between the two signals at the two antenna ports) may be changed for optimizing the Beam-forming. The phase changes may happen only on slot boundaries.

 The following table lists the transmitter characteristics as specified in TS 25.101.
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

	6.2.2A
	UE maximum output power for DC-HSUPA

	6.2.3
	UE Relative code domain power accuracy

	6.2.3A
	UE Relative code domain power accuracy for DC-HSUPA

	6.3
	Frequency Error

	6.3A
	Frequency Error for DC-HSUPA

	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

	6.6.1A
	Occupied bandwidth for DC-HSUPA

	6.6.2
	Out of band emission

	6.6.2.1
	Spectrum emission mask

	6.6.2.1A
	Additional spectrum emission mask for DC-HSPA

	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

	6.8.3b
	In-band emission for DC-HSUPA

	6.8.4
	Phase discontinuity for uplink DPCH

	6.8.5
	Phase discontinuity for HS-DPCCH

	6.8.6
	Phase discontinuity for E-DCH

	6.8.7
	Time alignment error for DC-HSUPA


3.1  Transmit Power

3.1.1
UE maximum output power

In Section 6.2.1 of 25.101[3], 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.
The current underlying assumption is that all requirements specified in TS 25.101 are for the measurement done at (one) transmit antenna port. For the upcoming new features of UL transmit diversity and UL MIMO, there is a need to have new (or additional) definition for some items in UE transmitter characteristics to address the multiple transmit antennas (ports). An UE capable of OL ULTD may operate like a single antenna (legacy) UE, meeting existing requirements: when the OL ULTD is enabled, the UE compliance with new (or additional) definition of “UE Maximum output power” for the multiple antenna transmission should be defined and put in place.  
Hence, we propose the followings for UEs that are capable of OL ULTD:

Proposal 1a: Reuse the same definition of UE transmit power and measurement period as defined in Section 6.2.1, 25.101[3].

Proposal 1b: Add an additional definition for of additional definition on “UE maximum output power” as that maximum output power for the UE with multiple transmit antenna diversity is the sum of the maximum output power measured at each antenna port for the UE with multiple antenna transmission.

Proposal 1c: Apply the power classes and associated power tolerances as defined in Table 6.1 in 25.101 [3].

Proposal 1d: The conformance test will be configured accordingly (i.e., measures the output power at each antenna port separately and with the ON/OFF mode of OL ULTD.

3.1.2
UE maximum output power with HS-DPCCH and E-DCH
The original Maximum Power Reduction (MPR) was intended to apply to the single power amplifier operation. An additional MPR requirements may need to be added to accommodate the different performance impact from the multiple transmit antennas (and power amplifiers) operation.
Hence, we propose the following for UEs that are capable of OL ULTD:

Proposal 2: Add a new MPR requirement for multiple antenna (PA) operation. The new requirement is FFS (or TBD).

3.1.3
UE maximum output power for DC-HSUPA
OL ULTD will be turned off whenever UE uplink operating is active with DC-HSUPA feature.
Hence, we propose the followings for UEs that are capable of OL ULTD:

Proposal 3a: There is no need to change the requirement on “UE maximum output power for DC-HSUPA” (Table 6.1AA in TS25.101) for the OL ULTD feature.

Proposal 3b: This requirement will not be tested against the UE under ULTD operation mode.
3.1.4
UE relative code domain error accuracy
Code domain power for each code is set before a beam-forming and its relative ratio will not be altered by beam-forming (or antenna switching) operation. We expect that the relative code domain power ratio measured in either operating antenna port will be the same.
Hence, we propose the following for UEs that are capable of OL ULTD:

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

3.1.5
UE relative code domain error accuracy for DC-HSUPA
OL ULTD will be turned off whenever UE uplink operating is active with DC-HSUPA feature.
Hence, we propose the following for UEs that are capable of OL ULTD:

Proposal 5a: There is no need to change the requirement on “UE relative code domain error accuracy for DC-HSUPA” for the OL ULTD feature.

Proposal 5b: This requirement will not be tested against the UE under ULTD operation mode.
3.2
Frequency Error

We believe that for beam-forming operation, the different TX chain should share the same local oscillator . Since the beam-forming operation itself does not change contribute to frequency error, it is proposed that the followings for UEs that are capable of OL ULTD:

Proposal 6: Apply the same requirement of Frequency Error as specified in Section 6.3 of 25.101[3] to each operating antenna port.
3.3
Frequency Error for DC-HSUPA
OL ULTD will be turned off whenever UE uplink operating is active with DC-HSUPA feature.
Hence, we propose the followings for UEs that are capable of OL ULTD:

Proposal 7a: There is no need to change the requirement on “Frequency error for DC-HSUPA” for the OL ULTD feature. 
Proposal 7b: This requirement will not be tested against the UE under ULTD operation mode.
3.4 Output Power Dynamics

3.4.1
Open loop power control

UE output power setting by open loop power control is not affected by beam-forming operation with the required calibration (stated in the aforementioned basic assumption 3).  

Hence, we propose the following for UEs that are capable of OL ULTD:

Proposal 8a: Apply the existing requirement of “Open loop power control” as specified in Section 6.4.1 of 25.101[3] to each operating antenna port. 
Proposal 8b: The additional requirement for DC-HSPA (6.4.1.1A, TS25.101) will not be tested against the UE under ULTD operation mode.
3.4.2
Inner loop power control in the uplink

UE output power setting by inner loop power control in the uplink is not affected by beam-forming operation with the required calibration (stated in the aforementioned basic assumption 3).  

Hence, we propose the following for UEs that are capable of OL ULTD:

Proposal 9a: Apply the existing requirement of “Inner loop power control in the uplink” as specified in Section 6.4.2.1.1 of 25.101[3] to each operating antenna port. 
Proposal 9b: The additional r equirement for DC-HSPA (6.4.2.1.1A, TS25.101) will not be tested against the UE under ULTD operation mode.
3.4.3
Minimum output power

In Section 6.4.3 of 25.101[3], 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.

Practically, the benefit of ULTD is diminishing when the operating power is very low. The OL ULTD would be turned off when the average TX power is below certain level (e.g., -45 dBm).

Hence, we propose the following for UEs that are capable of OL ULTD:

Proposal 10a: Apply the existing requirement of Minimum Output Power as specified in Section 6.4.3 of 25.101[3] to each operating antenna port.
Proposal 10b: The additional requirement for DC-HSPA (6.4.3.1A, TS25.101) will not be tested against the UE under ULTD operation mode.

3.4.4
Out of synchronization handling of output power

This test requirement as specified in Section 6.4.4 of 25.101[3] 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. On the other hand, when UE turn off the TX power, OL ULTD will be also off until we get a stable stream of TPC command after the UE turn on the power again.
Hence, we propose the following for UEs that are capable of OL ULTD:

Proposal 11: Apply the existing requirement of Out of synchronization handling of output power as specified in Section 6.4.4 of 25.101[3] to each operating antenna port. -
3.5  Transmit ON/OFF power

3.5.1
Transmit OFF Power
As per Section 6.4 in 25.101[3], 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 will automatically turning off the OL ULTD.

Hence, we propose the following for UEs that are capable of OL ULTD:

Proposal 12a: Apply the existing requirement of Transmit OFF power as specified in Section 6.5.1.1 of 25.101[3] to each operating antenna port. -
Proposal 12b: The additional requirement for DC-HSPA (6.5.1.1A, TS25.101) will not be tested against the UE under ULTD operation mode.

3.5.2
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 beam-forming operation since beam-forming combines RF power on the air (outside of antenna port).
Hence, we propose the following for UEs that are capable of OL ULTD:

Proposal 13: Apply the existing requirement of Transmit ON/OFF Time Mask as specified in Section 6.5.2 of 25.101[3] to each operating antenna port. 
3.5.3
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 UE power setting due to the change of TFC is independent of beam-forming operation.

Hence, we propose the following for UEs that are capable of ULTD:

Proposal 14: Apply the existing requirement of Change of TFC as specified in Section 6.5.3 of 25.101[3] to each operating antenna port. 
3.5.4
Power setting in uplink compressed mode

The UE power setting in uplink compressed mode is independent of beam-forming operation.
Hence, we propose the following for UEs that are capable of ULTD:
Proposal 15: Apply the existing requirement of power setting in uplink compressed mode as specified in Section 6.5.4 of 25.101[3] to each operating antenna port. -
3.5.5
HS-DPCCH

The UE power setting for HS-DPCCH is independent of beam-forming operation.

Hence, we propose the following for UEs that are capable of ULTD:
Proposal 16: Apply the existing requirement of power setting in uplink compressed mode as specified in Section 6.5.5 of 25.101[3] to each operating antenna port. -
3.6 
Output RF spectrum emissions

3.6.1
Occupied bandwidth

The beam-forming split the signal into two hardware chains at some point of the transmit path. The two signals may go through the different components (e.g., power amplifier, filter…). Nevertheless, we can check each transmit chain separately to make sure they all meet the requirement.
Hence, we propose the following for UEs that are capable of ULTD:
Proposal 17: Apply the existing requirement of occupied bandwidth as specified in Section 6.6.1 of 25.101[3] to each operating antenna port. -
3.6.2
Occupied bandwidth for DC-HSUPA
OL ULTD will be turned off whenever UE uplink operating is active with DC-HSUPA feature.
Hence, we propose the following for UEs that are capable of ULTD:
Proposal 18a: There is no need to change the requirement on “Occupied bandwidth for DC-HSUPA” for the OL ULTD feature.

Proposal 18b: This requirement will not be tested against the UE under ULTD operation mode.

3.6.3
Out of band emission
3.6.2.1  Spectrum Emission Mask

Similar to the requirement test for occupied bandwidth, we can check each transmit chain separately to make sure they all meet the requirement.
Hence, we propose the following for UEs that are capable of ULTD:
Proposal 19: Apply the existing requirement of Spectrum Emission Mask as specified in Section 6.6.2.1 of 25.101[3] to each operating antenna port. -
3.6.2.2  Additional spectrum mask for DC-HSUPA

OL ULTD will be turned off whenever UE uplink operating is active with DC-HSUPA feature.
Hence, we propose the following for UEs that are capable of OL ULTD:

Proposa20a: There is no need to change the requirement on “Additional spectrum mask for DC-HSUPA” for the OL ULTD feature.

Proposa20b: This requirement will not be tested against the UE under ULTD operation mode.

3.6.2.2  Adjacent Channel Leakage Ratio (ACLR)

Similar to the requirement test for occupied bandwidth, we can check each transmit chain separately to make sure they all meet the requirement.
Hence, we propose the following for UEs that are capable of ULTD:
Proposal 21: Apply the existing requirement of ACLR as specified in Table 6.11, Section 6.6.2.2 of 25.101[3] to each operating antenna port. 
3.6.4
Spurious emissions

The two power amplifiers (or transmit chains) in the UE of capable of beam-forming results in two sources for generating the spurious emissions. It is reasonable to define the overall spurious emissions is the sum of measured spurious emission from the two different sources.
Hence, we propose the following for UEs that are capable of ULTD:
Proposal 22a: Define the spurious emissions for the UE of capable of OL ULTD as that the spurious emission of UEs capable of OLTD is the sum of spurious emission measured from the “operating” antenna ports separately.
Proposal 22b: Apply the existing requirement of Spurious emissions as specified in Section 6.6.3 of 25.101[3] to each operating antenna port for UEs capable of OL ULTD. 
Proposal 22c: The additional requirement for DC-HSPA (6.6.3.1A, TS25.101) will not be tested against the UE under ULTD operation mode.

3.7  Transmit Intermodulation

Intermodulation is generated from non-linear operation of devices. Although the UEs of capable ULTD may have two transmit chains, we can check each transmit chain separately to make sure they all meet the requirement.
Hence, we propose the following for UEs that are capable of ULTD:
Proposal 23a: Apply the existing requirement of Transmit Intermodulation as specified in Section 6.7 of 25.101[3] to each operating antenna port.  
Proposal 23b: The additional requirement for DC-HSPA (6.7.1A, TS25.101) will not be tested against the UE under ULTD operation mode.

3.8  Transmit modulation

3.8.1
Transmit Pulse Shape Filter
Pulse shape of the output signal at each antenna port is not expected to be changed by the beam-forming operation.  
Hence, we propose the following for UEs that are capable of ULTD:
Proposal 24: Apply the existing requirement of Transmit Pulse Shape Filter as specified in Section 6.8.1 of 25.101[3] to each operating antenna port. 
3.8.2
 Error Vector Magnitude

UEs that capable of ULTD may consist of two transmit chains (or power amplifiers) which may result in different EVM. Considering the overall EVM impact on NodeB receiver, we may want to test beam-forming signal by measuring the combined signal directly.
Hence, we propose the following for UEs that are capable of ULTD:
Proposal 25a: Test EVM on the combined signals from the multiple operation antenna ports.

Proposal 25b: Apply the existing requirement of Error Vector Magnitude as specified in Section 6.8.2 of 25.101[3].
Proposal 25c: The additional requirement for DC-HSPA (6.8.2.1A, TS25.101) will not be tested against the UE under ULTD operation mode.

3.8.3
 Peak code domain error

Similar to EVM, peak code domain error should also be measured at the combined signal.

Hence, we propose the following for UEs that are capable of ULTD:
Proposal 26a: Test Peak code domain error on the combined signals from the multiple operating antenna ports.

Proposal 26b: Apply the existing requirement of Peak code domain error as specified in Section 6.8.3 of 25.101[3].

3.8.4
 Relative code domain error

3.8.4.1  Relative code domain error

Similar to peak code domain error, relative code domain error should also be measured at the combined signal.

Hence, we propose the following for UEs that are capable of ULTD:
Proposal 27a: Test Relative code domain error on the combined signals from the multiple operating antenna ports.

Proposal 27b: Apply the existing requirement of Relative code domain error as specified in Section 6.8.3a.1 of 25.101[3].

Proposal 27c: The additional requirement for DC-HSPA (6.8.3a.1.1a, TS25.101) will not be tested against the UE under ULTD operation mode.

3.8.4.1  In-band emission for DC-HSUPA

OL ULTD will be turned off whenever UE uplink operating is active with DC-HSUPA feature.
Hence, we propose the following for UEs that are capable of OL ULTD:

Proposa28a: There is no need to change the requirement on “In-band emission for DC-HSUPA” for the OL ULTD feature.

Proposa28b: This requirement will not be tested against the UE under ULTD operation mode.

3.8.5  Phase Discontinuity for uplink DPCH

Considering the overall phase discontinuity impact on NodeB receiver, we may want to test beam-forming signal by measuring the combined signal directly.

Hence, we propose the following for UEs that are capable of ULTD:
Proposal 29a: Test Phase discontinuity for uplink DPCH on the combined signals from the multiple operating antenna ports.

Proposal 29b: Apply the existing requirement of Phase discontinuity for uplink DPCH as specified in Section 6.8.4 of 25.101[3].

3.8.6  Phase Discontinuity for HS-DPCCH

Similar to the reason provided in Section 3.8.5, we may want to test beam-forming signal by measuring the combined signal directly.
Hence, we propose the following for UEs that are capable of ULTD:
Proposal 30a: Test Phase discontinuity for HS-DPCCH on the combined signals from the multiple operating antenna ports.

Proposal 30: Apply the existing requirement of Phase discontinuity for HS-DPCCH as specified in Section 6.8.5 of 25.101[3].
3.8.7  Phase Discontinuity for E-DCH

Similar to the reason provided in Section 3.8.5, we may want to test beam-forming signal by measuring the combined signal directly.
Hence, we propose the following for UEs that are capable of ULTD:
Proposal 31a: Test Phase discontinuity for E-DCH on the combined signals from the multiple operating antenna ports.

Proposal 31b: Apply the existing requirement of Phase discontinuity for E-DCH as specified in Section 6.8.6 of 25.101[3].

3.8.8
Time alignment error for DC-HSUPA
OL ULTD will be turned off whenever UE uplink operating is active with DC-HSUPA feature.
Hence, we propose the following for UEs that are capable of ULTD:
Proposal 32a: There is no need to change the requirement on “Time alignment error for DC-HSUPA” for the OL ULTD feature. 
Proposal 32b: This requirement will not be tested against the UE under ULTD operation mode.

4  Conclusion 

In this contribution, we analyze the transmitter characteristics for UEs that capable of beam-forming and present the proposals for core requirement change for OL ULTD feature. 
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