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1. Introduction

It was agreed in RAN4-103e [1] that TxD (Transmit Diversity) discussions should focus on test method B with both antennas transmitting. This contribution provides TxD test results for devices supporting CDD (Cyclic Delay Diversity) and simulation results for various TMPI values under simplified scenarios.
2. Discussion
The baseline method for TRP under TxD is to measure two antennas separately and add their results together. However, this implies two TRP measurements. If TxD devices support CDD, TRP can be reliably measured with TxD on. TRP measurements are conducted using both methods with the configuration shown in Figure 1 and scenarios in Table 1.
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Figure 1 Antenna configuration

	
	Antenna and RF combination

	Method 1：
summation after separate measurement per antenna
	RF1+Ant1,
RF1+Ant2,

RF2+Ant3,

RF2+Ant4

	Method 2：TxD on
	Ant1 + Ant3, 
Ant1 + Ant4, 
Ant2 + Ant3,

Ant2 + Ant4

	Bands
	N41, N78


Table 1 Measurement scenarios
The TRP differences are given in Figure 2 with a range from -0.3dB to 0.5dB while the 50%-ile value is close to zero. The results show that TRP for devices supporting CDD can be reliably measured with TxD on. 
Proposal 1: as an option, devices supporting transmit diversity techniques such as CDD or similar can be measured with TxD on.

Obviously, such an option would be based on UE declaration.


[image: image2]
Figure 2 TRP differences (dB) between method 1 and method 2
For scenarios with a fixed phase difference between the two antennas, simplified simulations are conducted using two half wavelength dipole antennas located at the top and bottom of a device with a size of 15 cm by 7 cm. Although half wavelength dipole antennas are not used in commercial devices, they are still representative in determining the effects due to the phase differences between the two antennas. Besides their far field components are given in closed form [2]. Values of TMPI index 2-5 from Table 6.3.1.5-1 of [3] represent phase differences of 0, -180, 90 and -90 degrees between the two antennas with the corresponding beam patterns in Figure 3.
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Figure 3 Beam patterns corresponding to TMPI index 2-5 (vertical axis is linear, not in dB)

The simulated TRP values for TMPI index 2-5 are within 0.3dB of each other. Arbitrary phase differences are also used to simulate TRP, the differences in TRP are still of the order of 0.3dB. 
Observation 1: variations in simulated TRP values from fixed phase differences between the two antennas with TxD on is within 0.3dB.

The reason for the similar TRP values is that TRP is directly related to total antenna efficiency, which is not impacted by the beam patterns caused by the phase differences between the two TxD antennas. 
In single transmit antenna cases, TRP can be estimated as

TRP = conducted power – total antenna efficiency
where total antenna efficiency includes return loss and ohmic loss in radiator and materials. The TRP expression is applicable to all types of FR1 antennas in free space (additional losses can be included to account for BH and BHH scenarios) and is independent of antenna patterns because the sum of TRP is over 360 degrees.
Antennas under TxD can be regarded as an array with phase difference between the two antennas. If total antenna efficiency does not change, it means that power would be radiated into space regardless of the phase difference between the antennas and the corresponding beam patterns. All the radiated power is captured by the TRP measurement as TRP is summed over a sphere covering the two TxD antennas.
Apart from desired phase differences by TMPI, phase changes could be caused by RF circuits and amplifiers. Reference [4] is a study of transmit antenna phase change for LTE and identifies factors that impact relative phase. For example, gain state change, PA output power mode switch. Figure 5 from [4] and shows measured phase changes among 10 devices. The phase spikes (+12 and -25 degrees) are due to PA output power mode changes. Although amplifier technology has progressed over the past 10 years, measurement in [4] is still relevant today.

Some phase impacting factors such as power amplifier mode switch, circuit gain changes do not happen in TRP measurement because TRP is measured at the maximum transmit power. This means that the phase changes in TRP measurement could be smaller than or of the same order those shown in Figure 5 in [4]. 
Given the range of phase changes of Figure 5 from [4], a maximum 90 degrees phase difference could be assumed, simulations with uniformly distributed random phase shifts between 0 and 90 degrees show less than 0.5dB variation in TRP values.
Frequency drift (NR requirement is +/-0.1ppm) would not impact phase difference significantly if the same local oscillator is used for both RF chains in TxD because both antennas would experience the same frequency drift. 
If the two RF chains in TxD use different local oscillators, significant phase differences between the two RF chains would be produced because the two RF chains experience different frequency drifts. However, most devices would use the same local oscillator in order to minimise cost. Besides, if such cases did exist, TRP measurement would still reflect the performance under network conditions.
Observation 2: uniformly distributed random phase shifts between 0 and 90 degrees produce 0.5dB variation in TRP values. 
Proposal 2: TRP can be measured under TxD on as it reflects device performance in fields and reasonable random phase differences up to 90 degrees between the two TxD transmit antennas produce 0.5dB variation in TRP values.
3. Conclusions
This contribution makes the following observations and proposals.
Observation 1: variation in TRP values from fixed phase difference between the two antennas under TxD is within 0.3dB.

Observation 2: uniformly distributed random phase shifts between 0 and 90 degrees produce 0.5dB variation in TRP values.

Proposal 1: as an option, devices supporting transmit diversity techniques such as CDD or similar can be measured with TxD on.

Proposal 2: TRP can be measured under TxD on as it reflects device performance in fields and reasonable random phase differences up to 90 degrees between the two TxD transmit antennas produce 0.5dB variation in TRP values.
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