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1	Introduction
This contribution provides proposals for the identified open items in [1] for the NR Test methods for RRM and UE demodulation.
2	Discussion
2.1	RRM scope
2.1.1 Quiet zone and Far Field criteria
As per the current agreements, 2 NR transmission reception points TRxPs are to be emulated and NMAX_AoAs is limited to 2 for the scope of Rel-15 testing. 
In the case that each of the TRxP is emulated using a physical independent dual polarized antenna, each of the 2 antennas will transmit uncorrelated signals to the DUT and therefore, the Far Field criteria and applicability defined for the DFF UE RF test method can be also applied for RRM (Option 1 in [3]).
In this case, impact on the QZ characterization procedure due to the presence of multiple antennas in the test system is FFS. 
Alternate method(s) are not precluded whenever the equivalence is verified.
Proposal 1: Far Field criteria and applicability defined for the DFF UE RF test method can be also applied for RRM.

2.1.2 Test metrics and MU initial assessment
In [3] it was agreed to identify the test metrics based on the current status of the Core Requirement for RRM. The following requirements have been identified:
· UE measurements accuracy requirements 
· Example requirements: RSRP accuracy, RSRQ accuracy, CRI/L1-RSRP accuracy (note that it is not yet decided whether the testing shall be a part of Demodulation or RRM performance requirements).
· Test procedure: TE emulates certain side conditions (e.g. target SNR). UE performs the measurements and reports back to the TE. The TE shall be capable to measure the accuracy of metrics reported by UE (e.g. compare the metrics vs genie measurements).
· UE timing accuracy requirements
· Example requirements: TX timing accuracy and Timing Advance adjustment accuracy
· Procedure: TE emulates certain side conditions (e.g. target SNR). UE performs UL signal transmission based on the Core specification procedure. The TE shall be capable to measure the accuracy of the timing of the signals transmitted by the UE.
· Delay and behavioural/functional requirements 
· Example requirements: Cell reselection delay requirements, various delay requirements, RLM requirements, etc. 
· Test procedure: TE emulates certain side conditions (e.g. target SNR) which may potentially change in time (e.g. SNR is stable over certain period of time and then changes to another level). The TE may also need to generate the signals coming from different spatial directions (e.g. different cells). UE performs certain actions based on core specification (e.g. RLM measurements, cell search). Upon completion of procedure UE performs certain actions (e.g. “stop transmitting uplink signal no later than time point X” for RLM, start UL transmission, transmit certain signals to TE, etc). TE measures how long it takes for UE to perform the actions and whether UE performs the correct actions.
· Interruption requirements 
· Example requirements: Interruption requirements 
· Test procedure: TE instruct UE to perform certain action (e.g. activate SCell). UE performs the required actions. The TE shall be capable to measure that UE interruption rate does not exceed certain threshold (e.g. TE measures whether UE transmits ACK/NACK).

Considering the list above, the following 3 metrics are proposed to be considered from the Test Equipment point of view for the study of the implementation feasibility and for the purpose to assess MU factors:
1. Accuracy of the UE reported measurements including RSRP, RSRQ
2. UE TX timing accuracy
3. SNR accuracy and range
Proposal 2: The following test metrics are proposed to be considered for the study of the implementation feasibility for RRM test methods:
1. Accuracy of the UE reported measurements including RSRP, RSRQ.
2. UE TX timing accuracy
3. SNR accuracy and range

Proposal 3: For SNR accuracy and range, it is proposed to reuse the MU initial assessment framework defined for Demodulation test methodology. 

In general case the RRM performance verification may not all the time require the existing RRM measurement setup and for some of the measurements the Demodulation setup could be considered. For example, such approach could be applicable to RSRP measurements or some behavioural requirements. In our view, the exact decision on the applicable setup can be done at a later stage.
Proposal 4: Allow using Demodulation baseline setup to perform selected RRM metrics testing. Further decide the applicable test setup for the particular metrics as a part of NR WI performance part. 

2.2	Demodulation scope
2.2.1 Far Field definition and applicability criteria
Considering how the baseline measurement setup is currently defined in [6] and the potential limitations on the max SNR error and max SNR range discussed in [5], it is proposed to allow the operation of the test system in the radiative near field (limit of the Fresnel region), defined according to the following formula:

Where:
D = maximum diameter of the test volume. For smartphones D = 15cm
λ = wavelength

In this case, the test setup will cover smartphones of any size with a diameter < 15 cm and all DUT antenna configurations.
The definition of the test volume and therefore the applicability criteria for other types of UE different from smartphones is FFS.

2.2.2 Test metrics and MU initial assessment
In [3] it was agreed to perform an initial assessment of MU factors of target UE Demodulation performance metrics to evaluate the feasibility of test methodology. The following metrics have been identified:
1. SNR accuracy
2. SNR range
The SNR accuracy and range are the critical factors for the UE demodulation performance testing. Typically the conformance tests aim to verify UE performance under certain SNR conditions including low and high SNR. For instance, it is desirable that the test methodology ensures UE testing in the SNR range from [-3dB] to at least [20dB]. In addition, typically different RX algorithms provide different performance and UE performance requirements may serve the purpose of differentiating UE implementations. Therefore, it is recommended that the test methods are able to achieve SNR accuracy of [1 dB]. It is recommended that the test methodology is verified towards the particular SNR range/accuracy values to confirm the feasibility of the method. 

Proposal 7: SNR range shall be defined from [-3dB] to [20dB].
Proposal 8: SNR minimum accuracy shall defined as [1 dB].

In addition, for the SDR (Sustained Data Rate) tests it is expected that TE shall be capable to generate the “noise free” signals in order to verify the UE peak throughput performance. At the same time, in practice, TE will always have certain RF impairments, which will still introduce certain TX noise (TX EVM) and, hence, actual noise free environment is not possible. The TX EVM level will be bounded by the Test Equipment PA linearity and phase noise characteristics. Therefore, the RF impairments (EVM) could be considered as another factor affecting the SNR range and the overall MU. Certain requirements/expectations on the TX signal quality in terms of TX EVM characteristics should be specified. It is suggested that the TX EVM for Rel-15 testing does not exceed [4%]. The respective values will limit the maximum achievable SNR by ~28dB.

Proposal 9: TX noise (TX EVM) from test equipment for Rel-15 testing shall not exceed [4%].

A comprehensive analysis of the MU for SNR accuracy/range is provided in [5]. Considering this analysis, the following have been identified as potential factors affecting the SNR accuracy, and therefore are the main contributors for the MU:
· SNR range
· Test method and TE characteristics
· Free Space Path Loss due to Measurement distance
· Probe antenna gain 
· TE TX power
· TE TX EVM (RF impairments)
· UE characteristics 
· Noise Figure 
· Antenna gain
· Implementation loss

Note: UE characteristics may depend on the particular device type (smartphone, FWA) and on the exact frequency band (at least NF degradation is expected once the frequency increases). 

Proposal 10: the following factors are to be considered for the Demodulation MU initial assessment:

· SNR range
· Test method and TE characteristics
· Free Space Path Loss due to Measurement distance
· Probe antenna gain 
· TE TX power
· TE TX EVM (RF impairments)
· UE characteristics 
· Noise Figure 
· Antenna gain
· Implementation loss


2.3 Channel Model for Demodulation
2.3.1 Static Propagation Conditions
The test methods shall allow emulation of the following static propagation conditions for the UE with 2RX antenna port as follows:
· For 1 port transmission the emulated channel matrix is defined in the frequency domain by

	.
· For 2 port transmission the emulated channel matrix is defined in the frequency domain by

	.
Proposal 11: Test methods shall allow emulation of the static propagation conditions.

2.3.2 Multi-path Fading Propagation Conditions
In RAN4#86bis the WF on channel model for demodulation in FR2 [2] was agreed, where 2 options for channel modelling for FR2 were proposed:
	Options for channel modeling
· Option 1. Use TDL channel models as described in 38.901 
· Each tap is modeled based on the Jakes fading model
· Generation of TDLs from CDLs is not precluded based on the procedure described in TS 38.901
· Option 2. Generate TDL channel model based on the methodology below
· A methodology for deriving TDLs from CDLs is provided in 38.901, however, this process does not say how to derive the Doppler spread of each tap form the CDL
· This methodology also clarifies how the Doppler spread of each tap is derived on based on which parameters
· The doppler shift of each tap will depend on the UE speed and movement direction, PAS, AoA, ZoA, ASA, ZSA
TDL Generation Methodology for option 2:
· The CDL framework in 38.901 is used to derive the non-spatial TDLs used for FR2 demodulation requirements
· The TDL generation procedure will include spatial filtering using assumed gNB and UE antenna patterns
· gNB antenna model is FFS (one example is an 8x8 URA 0.5λ array with 22.75 dB directivity as described in [4])
· For UE this is FFS
· The Doppler spectrum for the TDL will be derived from the CDL and not assume a Jakes spectrum
· The doppler shift of each tap will depend on the UE speed and movement direction, PAS, AoA, ZoA, ASA, ZSA
· For each channel model for demodulation performance testing in FR2, following parameters need to be defined:
· Base CDL channel model defined in TR 38.901
· Delay Spread
· Angular Spread for AOA, AOD, ZOA and ZOD
· Mean Angle for AOA, AOD, ZOA and ZOD.
· Alternatively, Correlation between Tx antennas in case of more than one Tx antennas
Way Forward
· Proposal 1: Decide on the feasible TDL channel modeling methodologies as a part of NR Testability SI. Companies are asked to provide input on whether channel emulation is feasible for the two identified candidate TDL channel modeling methodologies 
· Proposal 2: If both candidate methodologies are agreed to be feasible, further down-select between the two in the scope of NR UE Performance requirements work
· Proposal 3: Further discuss the parameters (e.g. PDP) for the TDL channel models as a part of NR WI Performance part. 



The following key aspects need to be addressed as a part of the NR FR2 Test methods SI:
· Details and assumptions for Option 2 TDL Generation Methodology
· Feasibility of both options for channel modelling

2.3.2.1 Option 2, Doppler shift modelling methodology
The two options for channel model are fundamentally the same and differing mainly in how the Doppler is modelled. In Option 1 the Doppler for each tap is modelled based on Jakes spectrum. In Option 2 the Doppler shift for each tap will depend on the UE speed and movement direction, PAS, AoA, ZoA, ASA, and ZSA. Same, time the exact methodology for Doppler shift modelling in Option 2 is still ambiguous and needs to be further clarified by the proponents. For instance the following questions should be addressed:
· Whether the Doppler shift is derived as random value or a pre-defined values in the specification
· The Doppler shift distribution in case it is derived as a random value (max/min values, probability function)
· Whether the Doppler shift is selected independently for each particular channel tap or there is any correlation between the Doppler shifts for different taps.
Proposal 12: The methodology for Doppler shift modelling based on spatial parameters for Option 2 multi-path fading TDL channel modelling methodology is FFS and needs to be further clarified. 
2.3.2.2 Feasibility of Options
With regards to the feasibility of recommended options for channel modelling, we conclude that both options are feasible and are subject to further clarification and analysis based on agreed parameters and methodology. Further selection of the corresponding methodology for the requirements can be done in the scope of NR WI performance part.
Proposal 13: Both options for multi-path fading TDL channel modelling methodology are feasible and further downselection shall be studied further in the scope of NR UE performance requirements. 
 
3	Agreements (for approval)
3.1	RRM scope
Proposal 1: Far Field criteria and applicability defined for the DFF UE RF test method can be also applied for RRM.
Proposal 2: The following test metrics are proposed to be considered for the study of the implementation feasibility for RRM test methods:
1. Accuracy of the UE reported measurements including RSRP, RSRQ.
2. UE TX timing accuracy
3. SNR accuracy and range
Proposal 3: For SNR accuracy and range, it is proposed to reuse the MU initial assessment framework defined for Demodulation test methodology. 

Proposal 4: Allow using Demodulation baseline setup to perform selected RRM metrics testing. Further decide the applicable test setup for the particular metrics as a part of NR WI performance part.

3.2 Demodulation scope
3.2.1 Far Field definition and applicability criteria
Proposal 5: allow the operation of the test system in the radiative near field (limit of the Fresnel region), defined according to the following formula:

Where:
D = maximum diameter of the test volume. For smartphones D = 15cm
λ = wavelength
Proposal 6: The definition of the test volume and therefore the applicability criteria for other types of UE different from smartphones is FFS.
3.2.2 Test metrics and MU initial assessment
Proposal 7: SNR range shall be defined from [-3dB] to [20dB].
Proposal 8: SNR minimum accuracy shall defined as [1 dB].
Proposal 9: TX noise (TX EVM) from test equipment for Rel-15 testing shall not exceed [4%].
Proposal 10: the following factors are to be considered for the Demodulation MU initial assessment:

· Test method and TE characteristics
· Free Space Path Loss due to Measurement distance
· Probe antenna gain 
· TE TX power
· TE TX EVM (RF impairments)
· UE characteristics 
· Noise Figure 
· Antenna gain
· Implementation loss
3.3 Channel Model for Demodulation
Proposal 11: Test methods shall allow emulation of the static propagation conditions.

Proposal 12: The methodology for Doppler shift modelling based on spatial parameters for Option 2 multi-path fading TDL channel modelling methodology is FFS and needs to be further clarified. 
Proposal 13: Both options for multi-path fading TDL channel modelling methodology are feasible and further downselection shall be studied further in the scope of NR UE performance requirements 
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