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1
Introduction
Discussions on the topic of NR demodulation testability have kicked off during the RAN4 #84 meeting and outlined the scope of further work on defining the baseline setup and channel models for the demodulation performance tests. This paper provides our views on these topics.
2
Discussion
2.1
Background

Proposals for demodulation baseline test setups were captured in [3] during the RAN4 #84 meeting:
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The same WF captured the following open questions:
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A WF on channel models has captured a number of issues as well as the following initial agreements and recommendations in [6]:
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2.2
Demodulation baseline system
In our understanding, the general purpose for UE demodulation performance test cases is to ensure that a particular feature of the physical layer design functions as designed. The development of such test cases, which target various modulation and coding schemes, transmission modes, CQI feedback modes, MIMO reception, and interference mitigation schemes, tends to include the following steps:

1. Alignment on the baseline UE receiver assumptions

2. Alignment on the test case parameters and fading environment

3. Alignment on the baseband simulation results

4. Inclusion of RF impairment margins and agreement of the requirement

We observe that historically RAN4 has developed demodulation performance requirements via simulation, which has enabled 3GPP to complete UE requirements before UE design is finalized and deployed in real networks. In this regard, our views are essentially aligned with previous input on this topic in [3]. Although NR mmWave testability discussions have clarified that all test cases (RF, RRM, and demodulation) are performed over the air (OTA), it is important to maintain the same approach for the development of demodulation performance requirements in order to deliver the relevant requirements to the industry in a timely manner.

Table 1 below summarizes the expectations from the demodulation baseline system.

Table 1: Expectations from the demodulation baseline system

	Topic
	Aspects

	General
	UE demodulation test methodology should control the correlation between different RX chains (to avoid spread of results due to different correlations for different UE implementations and antenna types).
Methodology should allow to control DL SNR at each RX chain / port with ±X dB accuracy. Typically 2 dB gap is considered to be testable in UE demodulation test cases. X ≤ 1 dB should be considered.

Methodology should allow error-free (or almost error-free) UL transmission to provide HARQ and CSI feedback from UE to the TE. For NSA case - can use LTE as test interface for feedback. For SA case - UL transmission should have very high SNR.

	Scenarios
	In Rel-15 we expect 2 MIMO layers. Test methodology should allow extension up to 4 MIMO layers.

The number of BS Tx antenna ports emulated by the test methodology should at least be equal to the number of layers.

The methodology may need to allow modelling multiple cells, such as CoMP-like scenarios and interferer cell modelling. At least 2 cells should be considered.

	Beam modelling
	UE demodulation tests can be run under fixed/locked beam assumption. There is no need to model beam reselection.
Whether the fixed/locked beam assumption is applicable to CSI reporting tests is FFS. In general, fixed beam methodology can also work.

	Channel model
	Model should support correlation based MIMO channel modeling.

No requirements to explicitly model different AOA spread for different taps/clusters

Model should have flexibility to model Doppler fading (channel variation in time domain). Support modeling of different delay spreads, LOS/NLOS conditions.

At least NR TDL models should be supported.

Methodology should support 60/120 kHz SCS and should be extendable to higher SCS. 

Channel sampling time should be high enough to allow channel variation on the OFDM symbol timescale.

Number of taps in the NR TDL/CDL models can be reduced (e.g. remove low power taps). Exact criteria can be further discussed.

	Support for NSA operation
	Test methodology should support NSA operation of LTE + NR FR2 and CA operation of NR FR1 + FR2 CA.

For NSA operation at least 1 LTE cell should be modelled, and it is FFS whether channel propagation between the LTE cell and the UE needs to be modelled.

For CA operation it is FFS whether channel propagation between the FR1 cell and the UE needs to be modelled.

	Other
	The demodulation testing methodology should be extendable to support sidelink (SL) operation.
Test equipment (TE) should be able to support NR peak data rates with max CBW and number of CCs at least under static channel conditions.
TE vendors should provide information on the minimum achievable impairments level (e.g. TX EVM). Preferably the values should be below the BS TX EVM requirements.

It is a preference to have test time on par with Sub-6 test methods. In case the test time is higher such information should be provided so that RAN4 may limit the overall number of test cases.


Proposal 1: The aspects listed in Table 1 shall be applied toward UE demodulation test baseline selection and definition. Further enhancement of the aspects or additional aspects are not precluded.
The WF on baseline test setups in [5] has helpfully provided two options to consider:

Option A: baseband emulation of multi-AoA

Option B: spatial emulation of multi-AoA

Option A provides the most flexibility from the point of view of propagation scenario definition: for a propagation scenario targeting stationary spatial parameter statistics, this approach can generate channel coefficients resulting from arbitrary geometries, according to CDLs in 38.901, or according to TDLs in 38.901. The general technique behind Option A is the implementation of a step to characterize and calibrate out the DUT’s antenna response within the test environment is necessary and motivates the need for UE antenna pattern; this, in turn, enables the test equipment to emulate any environment over this “cable replacement” link.

Observation 1: Option A is capable of emulating TDL and CDL models from 38.901.
Observation 2: A baseband emulation test system is capable of calibrating out the DUT’s antenna response within the test environment and relies on test modes implemented in the UE chipset.

Option B, which relies on a multi-port channel emulator to synthesize multipath components that sum to create the desired propagation statistics within the test zone in the chamber, can generate channel coefficients resulting from arbitrary geometries and according to CDLs in 38.901. The following captures a list of potential concerns associated with selecting Option B as the demodulation setup baseline:

1. The measurement uncertainty associated with spatial emulation of desired propagation statistics directly in a test zone is greater than the uncertainty of an antenna measurement and baseband emulation over the “cable replacement” link.

2. Since Option B may not be able to emulate TDL models or CDL models with arbitrary (simulated) UE antenna patterns, demodulation test cases using Option B will need to include the impact of real UE antennas in the requirement definition. One approach could be to include this impact in the test tolerance. This approach may increase the test tolerance to levels which preclude meaningful outcomes from the test.

3. The SNR definitions are expected to be different for Option A and Option B. In the case of Option B, it may be only possible to define the SNR at the OTA interface to the DUT and not as perceived by the baseband of the DUT.

Proposal 2: Further clarification of the items captured in the list of potential concerns associated with selecting Option B as the demodulation setup is requested.
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Demodulation Baseline System: Option A


Test setup with baseband emulation of Multi-AoA:


Baseband emulation of the channel model


A positioning system such that the angle between the dual-polarized measurement antenna and the DUT has at least two axes of freedom and maintains a polarization reference


This method needs the following:


UE antenna pattern known or measured


Emulate the antenna pattern in the baseband fader


Advantages/Restriction:


Method can simulate any arbitrary channel models including 38.901 


All possible AoA can be simulated simultaneously


No restriction to intra-cluster angular spread


Requirement for beamlock is FFS


Testability of autonomous UE active beam steering/ tracking aspects of the DUT is difficult


Demodulation Baseline System: Option B


Test setup with spatial emulation of Multi-AoA:


System parameters shown below are to be defined based on the inputs from the WF on channel model simplification


Number of Probes (Can be either movable probes OR static probes with switching)


Probe location/positioning in Azimuth and Elevation (This parameter will set the limits of effective mapping of the spatial clusters from the channel model)


Spatial resolution of the probes (Different set of probe resolution(s) can be defined for RRM and Demod test cases)


Number of active probes (This parameter sets the limit for number of active probes / ports that is needed from the TE)


Advantages/Restriction:


Allows testability of autonomous UE active beam steering/ tracking aspects of the DUT


Does not require beam lock 


System is based on the simplification of 38.901 channel models


The simplification process is done based a reduction process that takes into account the actual spatial charateristics of the channel.


AoA can be spatially emulated simultaneously, at least one active probe per cluster required


Spatial probe resolution will determine the accuracy of the PAS (power angular spectrum) for the channel model


System complexity depends on the number of simultaneous active probes required





Since the following assumptions may have impact on the test system complexity, demodulation experts are asked to review the following questions and give possible feedback:


Do the requirements include scenarios with multiple spatial and delay clusters of the same /multiple beam index?


Do the requirements include scenarios of mobility for tests such as: active antenna beamsteering capability, baseband tracking of the channel, etc.? 


Do the requirements include the scenarios of any type of 2x2 MIMO implementation (polarization diversity, pattern diversity with same polarization beams) or is it restricted to one approach?





Agreements


Use 38.901 CDL table structure and methods for scaling


Use of TDLs is not precluded


Recommendations


Move discussion on channel models into RRM/demod WI


Channel model realizations should be test case specific
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