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1. Introduction
Demodulation testing methodology for FR2 is under discussion in the testability SI. A WF seeking input no resting requirements was agreed in [1]. In this paper we provide our views on some of the topics raised in this WF.

2. Discussion
Baseband or end to end test
One of the main topics discussed in previous meetings was whether demod testing should strictly very just baseband performance (use a method that does not consider the UE Rx antenna) or should be an end to end test that includes the UE antenna system.
Traditionally (previous 3GPP RATs), demodulation testing was performed in a conducted environment and spatial aspects of the channel were not captured in such tests. This approach is feasible for frequency ranges(e.g. sub6) in which the UE is using omni(or quasi omni) Rx antennas that do not act as a spatial filter or do not significantly modify the spatial properties  of the channel. Furthermore, the channels in this frequency range will be much richer in terms of propagation paths and scattering such that using channel models that assume waves reaching the device from all directions is a realistic assumption. The statistics of the channel with and without the antenna will be similar so “pure” baseband testing is testing the UE in an environment similar to what it will incur in the field.
FR2 systems will use active antenna arrays that employ beamforming on the receiver side. The Rx beam pattern will act as a spatial filter on the channel and will modify the statistic properties of the channel. For an intuitive understand of the phenomenon, Figure 1 shows the Doppler spread seen in the baseband in the same statistical channel with different Rx beam assumptions. A description of the simulation assumptions is given in Annex A. 
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Figure 1. Doppler spread with different Rx antenna patterns

As can be seen in Figure 1, the channel characteristics seen in the baseband strongly depend on the Rx antenna pattern. If the Rx antenna pattern is not taken into account in the test, the UE will be placed in a completely different environment then it would see in the field. Not considering the Rx antenna pattern in the test would put the UE in an artificial environment and could have several implications such as overdesigning the UE to handle channel models that would not happen in practice or failing tests even though the UE would have very good performance in the field.

From a performance testing point of view, it is clearly preferable to perform an end to end test in which the UE is not exposed to artificial environments it does not need to handle in practice. 

However, more investigation is needed to better understand the feasibility of emulating spatial channel models for performance testing. Even though an environment in which a realistic channel model is used is preferable, there could be several downsides to this approach. 

Also, the difference in the statistics of the channels with different Rx antenna patterns and their impact on demodulation algorithms needs further investigation. 

Two testing methods (RTS and SS-MPAC) have been proposed for demodulation testing to date. More details on how the channel is emulated and practical limitations of these methods need to be provided/understood to better assess their suitability for performance testing.

 Parameters related to test environment
The WF in [1] contained several other questions related to the testing environment. We provide our input below:
· Number of UE Rx ports
· 2Rx ports
· Number of MIMO layers
· 2 MIMO Layers, baseline should be polarization MIMO
· Maximum distance between simultaneously active Rx antenna elements (antenna aperture)
· Baseline assumption should be that active antenna elements could be on opposite edges of the device.
· Number of BS TX antennas

· Number of cells
· Baseline for demod should be single cell. Interfering cells could be added in the future
· Channel models
· Emulation of spatial channels is highly desirable
· Impact of UE antenna pattern on channel models
· See section 2.1
· Interference and channel conditions
· Baseline should be single cell. Ability of TE to create spatially white noise should be further investigate
· UE tracking of beam directions
· FFS
· Channel state information reporting
· Should be tested
· Impact of UE antenna pattern for baseband performance
· FFS
3. Conclusion
In this paper we briefly discussed the definition of the beam correspondence requirements. Based on our analysis we 
We also proposed a test methodology in Section 2.2.
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Annex

Simulation assumptions:

	Channel model
	CDL-D

	BS Tx beam width
	

	UE Rx beam width
	20 degrees

	UE speed/direction
	30km/h, UE is moving in a random direction in each realization 


Doppler spread is computed as follows:
meanShift= sum(ray_gain*freqShift)/sum(ray_gain);

dopplerSpread= sqrt(sum(ray_gain*(freqShift-meanShiftl)^2)/sum(ray_gain));
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