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1 Introduction
This paper summarized the range of demod test environments and potential test methods that exist for UE at FR2 for NR. The situation is a lot more complex than was the case for FR1 with conducted testing and MIMO OTA which is why progress has been difficult. Some earlier analysis is provided in [1].
2 Background
For LTE at FR1, the bulk of demod requirements are specified in an omnidirectional environment consistent with the cabled test method. In Rel-14 the first MIMO OTA requirements were specified in [2] based on the 2D SCME channel models defined in [2]. Two harmonized test methods are defined in [3] being the multi-probe anechoic chamber (MPAC) and radiated two-stage (RTS) which in their ideal form are mathematically equivalent and capable of emulating arbitrary 2D fields. The LTE FR1 demod landscape is very stable, having added only one new test environment since Rel-8.
By contrast the situation for FR2 has many more variables including the transmission rank, the interaction with the channel model and transmission configuration, the UE antenna topology and the inability to emulate arbitrarily complex channel conditions in the far field as was possible at FR1. Only by analysing all these factors do the various options become apparent.
3 Analysis of demod environments
Table 1. Possible demodulation environments

	Case
	Transmission Config.
	Explanation
	UE antenna pattern considered

	
	
	
	UE antenna pattern excluded
	UE antenna pattern included

	1
	Rank 1 – SISO (inc TxD)
	Very simple case that may not get specified
	Minimal impact
	Not much added value

	2
	Rank 2 – x-pol MIMO from a single direction
	For LoS, both streams will be decorrelated for Tx and Rx

For NLoS, Tx may be correlated with significant x-pol imbalance but Rx stil decorrelated
	Minimal impact
	Not much added value

	3
	Rank 2 – spatial MIMO from two different directions
	Similar to FR1 MIMO OTA. Assumes UE has ability to beamsteer in two independent directions

May be better than x-pol for some channel conditions
	Significant impact since Rx decorrelation of independent panels upon which performance depends is not tested
	Significant added value as per FR1

	4
	Rank 4 – x-pol + spatial MIMO
	Most likely implementation of 4 streams over two directions, likely to be supported by realstic channel models
	Test method would have to emulate two AoA and UE cecorrelation at that AoA would not be tested
	Significant added value as decorrelation of the UE at the AoA would be included

	5
	Rank 4 – spatial MIMO
	This is doable at FR1 but realistic FR2 channels may not support four Eigenmodes even though 38.901 (based on FR1 assumptions) does.
	Major impact excluding the antenna as decorrelation at four simultaneous AoA is unlikely
	Significant added value

	6
	Rank 8 – xpol + spatial
	This is doable at FR1 but realistic FR2 channels may not support four Eigenmodes even though 38.901 (based on FR1 assumptions) does.
	Similar to Rank 4 spatial MIMO. Major impact excluding the antenna as decorrelation at four simultaneous AoA is unlikely
	Significant added value

	7
	Rank 8 spatial MIMO
	This is challenging at FR1 and likely unrealistic at FR2 except maybe in very scattered indoor environments
	Highly unrealistic results likely
	Significant added value


4 Definition of SINR
Another major factor to consider is how to define the SINR. For FR1 this was done using AWGN with no spatial filtering. This assumption was also adopted by CTIA for MIMO OTA at defined SNR. This isotropic interference assumption at FR1 is somewhat credible in a CDMA system but less so in an OFDMA system where cel edge interference is likely to be coloured by frequency (due to dynamic RB allocation in adjacent cells) and in time. However, when we move to FR2 the need to carefully consider and specify appropriate interference conditions is critical.
We know inter-cell interference at FR2 will be coloured in frequency and time in a similar way at FR1, but we also know it will be highly directional. Even for those cases where requirements without the antenna are considered appropriate, the means for applying the interference need to be studied. For example, an allowance cold be made to reduce incident interference based on some directivity of the UE for when the interference is not on boresight. The interference can then be added at baseband in an isotropic fashion.
For cases where requirements are specified with the antenna included it becomes essential to emulate the interference at the expected AoA, which is most likely different to the AoA of the wanted signal. This has implications on the complexity of the test system.
5 Implications on test systems
The ability of a tset system to emulate the necessary conditons as defeind in table 1 varies depending on the method.

Three potential test methods are identified as follows:

Wireless cable = A radiated connection received from one direction (per stream) but without any antenna pattern applied either embedded in the signal or through reception of a spatially emulated signal

RTS = Radiated two-stage where there is one direction per stream with the DUT antenna pattern embedded

Spatial emulation = Similar to MPAC for FR1. The signal is emulated in space and the DUT antenna pattern is applied when the signal is received. An example wodl be the simplified sectorized MPAC (SS-MPAC). 

It is assumed after applying 8x8 URA Tx antenna filtering that each stream wil have one dominant direction, although ti may be spread spatially over 50 to 100 degrees [4].

Table 2. Mapping of demod cases onto test methdos

	Case
	Transmission Config.
	Wireless cable
	RTS
	Spatial emulation
(Sectored)

	
	
	No antenna
	W/antenna
	No antenna
	W/antenna
	No antenna
	W/antenna

	1
	Rank 1 – SISO (inc TxD)
	Optimal single probe
	DNA
	Works
	Optimal single probe
	DNA
	Works

	
	With interference
	Omni only
	
	Omni only
	Extra probe
	
	

	2
	Rank 2 – x-pol MIMO from a single direction
	Optimal single probe
	DNA
	Works
	Optimal single probe
	DNA
	Works

	
	With interference
	Omni only
	
	Omni only
	Extra probe
	
	

	3
	Rank 2 – spatial MIMO from two different directions
	Doesn’t make sense
	DNA
	Doesn’t make sense
	2 probes
	DNA
	Works

	
	With interference
	
	
	
	Extra probe
	
	

	4
	Rank 4 – x-pol + spatial MIMO
	Doesn’t make sense
	DNA
	Doesn’t make sense
	2 probes
	DNA
	Works

	
	With interference
	
	
	
	Extra probe
	
	

	5
	Rank 4 – spatial MIMO
	Doesn’t make sense
	DNA
	Doesn’t make sense
	4 probes
	DNA
	Works

	
	With interference
	
	
	
	Extra probe
	
	

	6
	Rank 8 – xpol + spatial
	Doesn’t make sense
	DNA
	Doesn’t make sense
	4 probes
	DNA
	Works

	
	With interference
	
	
	
	Extra probe
	
	

	7
	Rank 8 spatial MIMO
	Doesn’t make sense
	DNA
	Doesn’t make sense
	8 probes
	DNA
	Works

	
	With interference
	
	
	
	Extra probe
	
	


6 Conclusions
The election of demod test methods firs requires a full understanding of the channel, the need or not of the antenna pattern and the role of interference. Once these have been determined it is possible to consider the potential of different test methods. 
In particular the SINR definition needs to be studied since omni interference seems no longer credible at FR2.
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