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1. Introduction
This contribution outlines our views on various testing aspects of multi-chain/multi-panel reception (and potentially transmission) testing. 
2. [bookmark: _Ref31104997]Discussion
In [1], a new Study Item (SI) was endorsed to define test methodologies for UE RF/demodulation/RRM testing to support reception of DL signals simultaneously from multiple Angles of Arrival (AoAs). This SI directly supports the Work Item (WI) in [2] with testability aspects to eventually enable testing of 4-layer MIMO reception which states [2]:
	“The existing Rel-15 NR FR2 minimum UE requirements are defined with an assumption that UE is equipped with a single antenna panel and capable to perform DL reception using a single RX beam/chain reception. Furthermore, the UE performance requirements are limited for DL MIMO rank 1 and 2. In FR2, 4-layer MIMO reception requires beam reception from at least two directions. Although this is supported by the MIMO features since Rel-15, no performance requirements have yet been specified.” 
and
“This work item aims to introduce the requirements for UEs capable of multi-beam/chain simultaneous DL reception on a single component carrier to achieve improved RF, RRM and UE demodulation performance.”


In RAN4#104-e, the first meeting of the SI, discussions were held whether to support testing with “full degree of rotation freedom,” i.e., any permutation of possible AoAs shall be supported. Against the advice from various TE vendors, the work plan was adjusted to include the investigation of “Evaluate the feasibility of supporting 2AoAs with full degrees of freedom” in the next two RAN4 meetings. The first part of this contribution is addressing the testability aspects and concerns when “full degrees of freedom” is required. 
The other part of this contribution is to address suitable test methodologies/test setups to enable new spherical coverage requirements/testing for devices with simultaneous reception from 2 AoAs. 



3. Full Degree of Rotation Freedom for each AoA
The SID defined the following aspects related to legacy FR2 systems and testability aspects
	· FR2 test methods defined in TR 38.810 and TR 38.884 should be used as the baseline. 
· The tests shall take the test system reuse, test system complexity and test time into account to keep the whole test costs within a reasonable level.


The impact of the full degrees of freedom requirement on testability and test system aspects are discussed next. 
An example test system which could support two simultaneous AoAs with (almost) any combination of DL directions was originally introduced in the original FR2 OTA Study Item [4], i.e., the Direct Far Field (DFF) test method with the measurement setup illustrated in Figure 5.2.1.1-1 of [4]. 
	[image: ]
Figure 5.2.1.1-1: DFF measurement setup of UE RF characteristics


This setup was considered the default measurement setup for FR2 UE RF testing during the SI phase [4] given the requirement to perform off-centre of beam measurements. However, the adoption of the UE Beamlock test Function (UBF), see Clause 5.4 of [6], to readily perform off-centre of beam measurements shifted the focus towards more practical single-AoA UE RF setups, e.g., the Indirect Far Field (IFF) methodology [4] which subsequently became the de-facto setup for FR2 UE RF testing, see Figure 5.2.3.1-1 of [4].
	[image: ]
Figure 5.2.3.1-1: IFF method 1 (CATR) measurement setup of UE RF characteristic


[bookmark: _Ref115103588]Observation 1: The 2 AoA capable test method, Direct Far Field (DFF) test method, was initially considered for UE RF testing but later discarded as suitable/practical baseline methodology
Given the request to further study the feasibility of 2 AoA test systems with full degrees of freedom, this setup and others are investigated next. 
Measurement setups with full degrees of freedom for each probe 
First, measurement setups are investigated that allow arbitrary positioning for each probe, i.e., the UE does not necessarily require a positioning system. The DFF methodology, i.e., measurement probes placed in the far-field away from the DUT when adapted to two-simultaneous AoA testing, is illustrated in Figure 1. Here, the probes introducing AoA1 (beam shown in blue) and AoA2 (beam shown in red) can be positioned arbitrarily while the DUT is fixed. When the DFF probes are replaced with IFF probes, i.e., measurement probe and reflector, a sample test system with full degrees of freedom for each AoA is shown in Figure 2. It should be noted that no positioning architecture/details are included either of these figures as they are immaterial to the following discussions and up to the system provider. The full degree of rotation freedom for each probe is highlighted with the yellow arrows behind each DFF probe/IFF probe&reflector combination. The positioning requirements to accurately position probe(s) along two principal axes in 3D yield a very high positioning complexity. 
[bookmark: _Ref115103589]Observation 2: The positioning requirements to accurately position probe(s) along two principal axes in 3D yield a very high positioning complexity
[image: ]
[bookmark: _Ref112695347]Figure 1: Example DFF measurement setup for two-simultaneous AoA testing with full degrees of freedom for each probe. 

[image: ]
[bookmark: _Ref115086973]Figure 2: Example IFF measurement setup for two-simultaneous AoA testing with full degrees of freedom for each probe.
Size (width/depth/height) estimations were performed for such DFF/IFF systems supporting the FR2-1 frequency range and devices up to a 40 cm diameter (40 cm QZ) which are tabulated in Table 1. Obviously, the increase in chamber sizes (footprint and heights) when compared to existing FR2 UE RF chambers is significant and existing chambers are not upgradable to support full degrees of freedom. Additionally, the lead times to develop such systems with full degrees of freedom could be quite significant and could thus delay the commercial adoption of these test cases. Last but not least, the overall system complexities of such systems could further require an increase in measurement uncertainties (MUs) and thus test tolerances (TTs). 
[bookmark: _Ref115089284]Table 1: Size estimates for UE RF systems with full degrees of freedom for each probe.
	                               Size
Test Method
	Width [m]
	Depth [m]
	Height [m]

	DFF
	3.2
	3.2
	3.2

	IFF
	4.4
	4.4
	4.4


[bookmark: _Ref115103590]Observation 3: Measurement setups with full degrees of freedom for each probe require very large footprints and heights of chambers. 
[bookmark: _Ref115103591]Observation 4: Measurement setups with full degrees of freedom for each probe cannot be upgraded from existing test systems. 
[bookmark: _Ref115103592]Observation 5: Measurement setups with full degrees of freedom for each probe require significant development lead times. 
[bookmark: _Ref115103593]Observation 6: Measurement with full degrees of freedom for each probe likely yield an increase in total system complexity, measurement uncertainties, and test tolerances. 
Measurement setups with full degrees of freedom for one probe & DUT
Next, measurement setups are investigated that allow full degrees of positioning freedom for one probe and the DUT while the other probe is fixed. Such systems are illustrated for the DFF and the IFF methodology in Figure 3 and Figure 4, respectively. Here, the probe introducing AoA1 (beam shown in blue) is fixed while the DUT and the probe introducing AoA2 (beam shown in red) can be positioned arbitrarily (as indicated with the yellow arrows). 
[image: ]
[bookmark: _Ref115090035]Figure 3: Example DFF measurement setup for two-simultaneous AoA testing with arbitrary positioning capability for one probe and DUT supporting full degrees of freedom. 
Size (width/depth/height) estimations were performed for such DFF/IFF systems as well which are tabulated in Table 2. Only a very small improvement in footprint, i.e., width, can be observed for this system architecture when compared to Table 1. The same conclusions/observations can be made as those above, i.e., the increase in chamber sizes (footprint and heights) when compared to existing FR2 UE RF chambers is significant and existing chambers are not upgradable to support full degrees of freedom.
[image: ]
[bookmark: _Ref115090037]Figure 4: Example IFF measurement setup for two-simultaneous AoA testing with full degrees of freedom for one probe & DUT.
[bookmark: _Ref115091123]Table 2: Size estimates for UE RF systems with full degrees of freedom for one probe & DUT.
	                               Size
Test Method
	Width [m]
	Depth [m]
	Height [m]

	DFF
	3.0
	3.2
	3.2

	IFF
	4.2
	4.4
	4.4


The same observations made in the previous section apply here. 
[bookmark: _Ref115191628]Observation 7: Measurement setups with full degrees of freedom for one probe & DUT require very large footprints and heights of chambers. 
[bookmark: _Ref115191629]Observation 8: Measurement setups with full degrees of freedom for one probe & DUT cannot be upgraded from existing test systems. 
[bookmark: _Ref115191630]Observation 9: Measurement setups with full degrees of freedom for one probe & DUT require significant development lead times. 
[bookmark: _Ref115191631]Observation 10: Measurement with full degrees of freedom for one probe & DUT likely yield an increase in total system complexity, measurement uncertainties, and test tolerances. 
Minimum Angular Separation between Probes
The “full” degrees of freedom implies that any angular combination/permutation between the two probes/AoAs can be selected including very small angular separations. However, due to the finite size of the probes, the minimum angular separation between probes will be limited to prevent collisions thus prevent a “full” degree of rotation freedom. The minimum angular separation between neighbouring large reflectors is larger than the minimum separation between two regular millimeter-wave probes as illustrated in Figure 5. It is estimated that the minimum angular separation between two IFF probes is about 30° while the minimum angular separation between two DFF probes is about 5°. The spherical coverage test requirements for PC3 and PC1 currently mandate a (constant-step size) measurement grid with at least 15° angular step size. Assuming that a spherical coverage test for 4-DL operation requires similar angular step sizes, the IFF-based test methodology has some limitations in this regard.  
[bookmark: _Ref115103594]Observation 11: The minimum angular separation between IFF (DFF) probes is ~30° (~5°) which could be problematic for IFF-based methodology if similar spherical coverage testing requirements are necessary for 2 AoAs as for current 1 AoA spherical coverage test cases. 
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[bookmark: _Ref115099025]Figure 5: Illustration of minimum angular separations between IFF (top) and DFF probes.
Test Time/Testing Efforts for Full Degrees of Freedom
This section investigates the testing efforts for 4-DL/4-UL multi-chain operation based on the assumptions that no prior knowledge of the performance of any panel/chain is available, e.g., beam peak directions of each panel and that only, and that solely the spherical coverage test case is executed for 4-DL/4-UL operation, i.e., no test-time extensive beam peak searches. Therefore, the spherical coverage test for any multi-panel/multi-chain UE system configuration discussed earlier would require a spherical coverage test with N*(N-1)≈N2 AoA combinations. Here, N is the minimum number of spherical coverage grid points for the legacy spherical coverage test case, defined in Clause M.3 of [5], and it is assumed that the same measurement grids/grid density are required for multi-chain operations. The effort in terms of minimum number of test points is quantified in Table 3.
[bookmark: _Ref112698440]Table 3: Spherical Coverage effort for 4-DL/4-UL multi-chain operation (full degree of freedom for both AoAs)
	Power Class
	Grid Type
	Minimum Number of Spherical Coverage Test Points N (single chain) as defined in M.3 of [5]
	Number of Spherical Coverage Test Points N (multi chain) 
N*(N-1)

	PC1
	constant density
	200
	39,800

	PC3
	constant density
	180
	32,220

	PC1/PC3
	constant-step size
	266
	70,490


Clearly, the number of test points for this test approach is test time prohibitive given the very large number of test points. 
[bookmark: _Ref112756072]Observation 12: The test effort/test time increase for the 4-DL/4-UL multi-chain spherical coverage tests based on full degrees of freedom for each AoA is tremendous.
[bookmark: _Ref112756074]Proposal 1: Do not deem a 4-DL (4-UL) spherical coverage test with full degrees of freedom for each AoA feasible for complexity, chamber footprint/height, lack of upgradeability of existing system, development lead time, increased measurement uncertainty/test tolerance, and test effort/test time reasons.


4. Full Degree of Rotation Freedom for 1st DL/UL direction and discrete, fixed AoAs for 2nd DL/UL direction
An alternate example measurement setup of a more suitable 4-DL (easily extendable to 4-UL) MIMO multi-chain UE RF spherical coverage test approach is illustrated in Figure 6. 
[image: ]
[bookmark: _Ref112743364]Figure 6: Example measurement setup for two-simultaneous AoA testing supporting 3D AoAs for the 1st DL direction and discrete, fixed AoAs for the 2nd DL direction. 
In this example setup, the (fixed) probe locations, the number of probes, and probe type (DFF, IFF) were selected arbitrarily. While specific implementation details can be discussed separately at a later time, the measurement setup could be based on the following baseline setups for 2 AoA RRM:
· DFF, e.g., Figure B.2.2.1-2 of [7]
	[image: ]
Figure B.2.2.1-2: Example RRM baseline system with two simultaneously active AoA using a DFF setup.


· Enhanced IFF, e.g., Figure B.2.6.1-1of [7]
	[image: ]
Figure B.2.6.1-1: Example RRM baseline system with two simultaneously active AoA using an Enhanced IFF setup




· Hybrid IFF+DFF, e.g., Figure B.2.7.1-1of [7]
	[image: ]
Figure B.2.7.1-1: Example RRM baseline system with two simultaneously active AoA using an IFF+DFF setup


or FR2 MIMO OTA, i.e., Figure B.2.1-2 of [8].
	[image: Vis_Probes_P1_towards_z]
Figure B.2.1-2: Channel Model Coordinate Axes in FR2 3D-MPAC system



[bookmark: _Ref115117240]Observation 13: A system with full degrees of freedom for the 1st DL/UL direction and discrete, fixed AoAs for the 2nd DL/UL direction could be leveraged/re-used from existing FR2 OTA test system with little to no modifications
In the particular measurement setup shown in Figure 6, all probe locations are fixed while the DUT is rotated in 3D using a 2-axis positioner (not illustrated). The 1st DL direction (highlighted with the beam in blue) is introduced over the probe labelled AoA1 (typically oriented towards the z axis of the system) while the 2nd DL direction is introduced over any of the M (in this example, M=4) fixed probes labelled AoA2.m (with m = 1, …, M) and the respective beams are highlighted in red. 
The proposed spherical coverage measurement approach for the 4-DL reception is as follows:
· AoA1: Probe AoA1 (together with one Probe AoA2) performs a spherical coverage test similar to the legacy spherical coverage test, outlined in Clauses 7.3.4 and K.1.6 of [5], with the metric of EISAoA1 (Link=Spherical coverage grid, Meas=AoA1 angle, Optimized AoA2 angle) where EIS is sampled over the 3D sphere while for each grid point the TP (or EIS) for AoA2 is maximized beforehand. However, instead of testing two orthogonal polarizations sequentially, the MIMO signals are introduced concurrently on each polarization of both probes. 
· AoA2: Prior to performing the EISAoA1 measurements for each grid point, the TPAoA2 for a fixed DL power level (or alternatively EISAoA2) from each probe AoA2.m (with m = 1, …, M) is determined and the maximum TPAoA2 (or minimum EISAoA2) is recorded for each grid point. Subsequently, the 2nd DL (AoA2) is introduced from the discrete probe that yielded the maximum TPAoA2 (or EISAoA2) before EISAoA1 is determined. 
Not further discussed here are the power levels set on each of the signal paths (AoA1, AoA2) during the TPAoA2, EISAoA1, EISAoA2 measurements. 
The detailed test sequences are further illustrated in the flow diagram of Figure 7.
[image: ]
[bookmark: _Ref113608620]Figure 7: Flow diagram of test sequences. 
The final metrics for this approach would be
· AoA1: the CDF of all EISAoA1 measurements determined and collected over the 3D sphere with N grid points
· AoA2: the CDF of the maximum TPAoA2 (or minimum EISAoA2) collected for each of the N grid points. 
This test effort (primarily in terms of overall test time without taking positioning and switching times into account) is summarized in Table 4 separately for the case when TP and EIS metric is considered for AOA2 with an assumption the number of discrete probes for AoA2 is limited to M=4. The test times considered here are merely approximate (actual test time depends on many factors and can be better than stated below) and estimated as follows:
· tEIS: average time for an EIS measurement (~45s)
· tdwell: dwell time (per 38.521-2: “BEAM_SELECT_WAIT_TIME for the UE TX beam selection to complete”) (~3s)
· tEIS’: sum of tEIS and tdwell (~48s)
· tTP: average time for a TP measurement (~1s)
Clearly, the effort of this test approach is minimized if only the TP (instead of EIS) is collected on AoA2 as the TP for a fixed DL power level is significantly faster than performing an EIS search (tTP << tEIS). The 4-DL MIMO approach does not require polarizations to be tested sequentially but concurrently instead which is why the overall spherical coverage test time for the 4-DL multi-chain operation is ~33% less when compared to the legacy case if TP is considered as metric for the 2nd AoA. 
[bookmark: _Ref112747566]Table 4: Spherical Coverage effort/test time for 4-DL multi-chain operation (full rotational freedom for AoA1 with fixed, discrete AoA2)
	Power Class
	Grid Type
	Minimum Number of Spherical Coverage Test Points N (single chain) as defined in M.3 of [5]
	Effort/Test Time for single-chain spherical coverage test
	Effort/Test Time for 4-DL multi-chain spherical coverage test

	
	
	
	
	AOA2 Test: TP
(M=4)
	AOA2 Test: EIS
(M=4)

	PC1
	constant-step size 
	200
	200*2*tEIS’≈320min
	200*[tEIS’ + M*(tdwell+tTP)]
≈213min
	200*(M+1)*tEIS’
≈800min 

	PC3
	constant-step size
	180
	200*2*tEIS’≈288min
	180*[tEIS’ + M*(tdwell+tTP)]
≈192min
	180*(M+1)*tEIS’
≈720min

	PC1/PC3
	constant density
	266
	200*2*tEIS’≈426min
	266*[tEIS’ + M*(tdwell+tTP)]
≈284min
	266*(M+1)*tEIS’
≈1064min


[bookmark: _Ref112756073]Observation 14: The test effort for the 4-DL multi-chain spherical coverage test based on full rotational freedom for AoA1 with fixed and discrete AoA2 is manageable.
[bookmark: _Ref112756075]Proposal 2: Consider a test system with full rotational freedom for AoA1 and with fixed, discrete AoA2 for a 4-layer spherical coverage test with two performance metrics: CDF of EISAoA1 and CDF of the maximum TPAoA2.
In order to enable the activation of multiple antenna modules with good 4-layer DL performance, it is proposed to support a wide range of AoA angular differences between AoA1 and AoA2, e.g., 60°, 90°, 120°, and 150° (similar to the 2 AoA RRM requirements). This is further illustrated with an example UE with three integrated antenna arrays as shown in Figure 8. The different antenna arrays are shown with different colours and it is assumed that the good coverage can be achieved by steering the respective beams. When two AoAs are selected that fall predominantly into the coverage sector of a single antenna array, as shown in Figure 9 on the left, very poor 4-DL MIMO performance can be expected while much better performance can be expected when the AoAs are spread and thus fall into coverage areas of different antenna arrays as shown in Figure 9 on the right.
[image: ]
[bookmark: _Ref115266976]Figure 8: Spherical Coverage Map (2D View) of example UE with 3 antenna arrays
[image: ]
[bookmark: _Ref115267305]Figure 9: Examples of poor 4-DL (left) and good 4-DL performance (right)

[bookmark: _Ref115117243]Proposal 3: Consider a wide range of AoA angular differences between AoA1 (full degree of freedom) and AoA2 (limited, fixed degree of freedom)
For the 2 AoA RRM test cases, only the relative angular differences between AoAs were defined while the absolute probe locations were left up to the system vendors, e.g., as stated in [4] “The absolute position of the probes is left up to implementation.” For 2 AoA RRM, this is considered suitable since it is up to the system vendors to pick the actual test points and angular separations and due the statistical nature of RRM testing versus the parametric nature of UE RF testing, e.g.,  
· The EIS performance assessed in each AoA direction, at a minimum, had to meet the EIS spherical coverage percentile
· Typically, it is required to alternate between a minimum of 33 different sets of AoA pairs
· Pass fail criteria are generally based on whether the rate of events/successful tests meet a minimum percentage
[bookmark: _Ref115117241]Observation 15: For 2 AoA RRM testing, it is acceptable not to define absolute probe locations given the nature of RRM test case requirements and test procedures.
However, the 4-layer spherical coverage test approach utilizing 1 AoA with full degree of freedom and 1 AoA with limited, fixed degrees of freedom must have the absolute probe directions/locations defined to guarantee that the same test parametric results are obtained between different system vendors. 
[bookmark: _Ref115117244]Proposal 4: For multi-panel UE RF spherical coverage test cases utilizing 1 AoA with full degree of freedom and 1 AoA with limited, fixed degrees of freedom, absolute probe locations must be defined to guarantee different system vendors yield the same results. 



5. FR2 4-layer DL Demodulation Testing
While we currently do not have hands-on experience with the wireless cable mode isolation procedure for FR2 4-DL demodulation testing, we have performed several isolation procedures on a large number of DUTs for LTE/FR1 4-DL MIMO OTA testing that is utilizing an Antenna Test Function (ATF) or SS-RSARP and SS-RSRPB defined in TS 38.215. 
Based on our experiences with wireless cable modes in LTE/FR1 and 4-DL MIMO with test systems that utilize limited sets of AoAs, we believe that full degrees of rotational freedom is not required for FR2 4-DL demodulation testing and that a system utilizing 1 AoA with full degree of freedom and 1 AoA with limited, fixed degrees of freedom is sufficient to achieve sufficient isolation.
[bookmark: _Ref115117242][bookmark: _Hlk115117070]Observation 16: The wireless cable mode can be established readily for FR1 4-DL MIMO with limited sets of AoAs.
[bookmark: _Ref115117245]Proposal 5: Consider a system utilizing 1 AoA with full degree of freedom and 1 AoA with limited, fixed degrees of freedom as starting point for FR2 4-DL demodulation testing.
Additionally, we have experienced that the isolation for 2-layer and 4-layer MIMO can be performed as easily in the Near-Field (NF) as in the Far-Field (FF). We therefore propose not to preclude demodulation testing in the NF.
[bookmark: _Ref115439531]Proposal 6: Do not preclude 4-layer demodulation testing in the NF. 




6. Conclusion
The following observations and conclusions were made in this contribution. 
Observation 1: The 2 AoA capable test method, Direct Far Field (DFF) test method, was initially considered for UE RF testing but later discarded as suitable/practical baseline methodology
Observation 2: The positioning requirements to accurately position probe(s) along two principal axes in 3D yield a very high positioning complexity
Observation 3: Measurement setups with full degrees of freedom for each probe require very large footprints and heights of chambers.
Observation 4: Measurement setups with full degrees of freedom for each probe cannot be upgraded from existing test systems.
Observation 5: Measurement setups with full degrees of freedom for each probe require significant development lead times.
Observation 6: Measurement with full degrees of freedom for each probe likely yield an increase in total system complexity, measurement uncertainties, and test tolerances.
Observation 7: Measurement setups with full degrees of freedom for one probe & DUT require very large footprints and heights of chambers.
Observation 8: Measurement setups with full degrees of freedom for one probe & DUT cannot be upgraded from existing test systems.
Observation 9: Measurement setups with full degrees of freedom for one probe & DUT require significant development lead times.
Observation 10: Measurement with full degrees of freedom for one probe & DUT likely yield an increase in total system complexity, measurement uncertainties, and test tolerances.
Observation 11: The minimum angular separation between IFF (DFF) probes is ~30° (~5°) which could be problematic for IFF-based methodology if similar spherical coverage testing requirements are necessary for 2 AoAs as for current 1 AoA spherical coverage test cases.
Observation 12: The test effort/test time increase for the 4-DL/4-UL multi-chain spherical coverage tests based on full degrees of freedom for each AoA is tremendous.
Observation 13: A system with full degrees of freedom for the 1st DL/UL direction and discrete, fixed AoAs for the 2nd DL/UL direction could be leveraged/re-used from existing FR2 OTA test system with little to no modifications
Observation 14: The test effort for the 4-DL multi-chain spherical coverage test based on full rotational freedom for AoA1 with fixed and discrete AoA2 is manageable.
Observation 15: For 2 AoA RRM testing, it is acceptable not to define absolute probe locations given the nature of RRM test case requirements and test procedures.
Observation 16: The wireless cable mode can be established readily for FR1 4-DL MIMO with limited sets of AoAs.
Proposal 1: Do not deem a 4-DL (4-UL) spherical coverage test with full degrees of freedom for each AoA feasible for complexity, chamber footprint/height, lack of upgradeability of existing system, development lead time, increased measurement uncertainty/test tolerance, and test effort/test time reasons.
Proposal 2: Consider a test system with full rotational freedom for AoA1 and with fixed, discrete AoA2 for a 4-layer spherical coverage test with two performance metrics: CDF of EISAoA1 and CDF of the maximum TPAoA2.
Proposal 3: Consider a wide range of AoA angular differences between AoA1 (full degree of freedom) and AoA2 (limited, fixed degree of freedom)
Proposal 4: For multi-panel UE RF spherical coverage test cases utilizing 1 AoA with full degree of freedom and 1 AoA with limited, fixed degrees of freedom, absolute probe locations must be defined to guarantee different system vendors yield the same results.
Proposal 5: Consider a system utilizing 1 AoA with full degree of freedom and 1 AoA with limited, fixed degrees of freedom as starting point for FR2 4-DL demodulation testing.
Proposal 6: Do not preclude 4-layer demodulation testing in the NF.
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AoA2.

m

,

Pn

, EIS

AoA2.

m

,

Pn

Increase m by 1 (until m=M+1)

Introduce 4-DL MIMO connection with fixed DL power levels (at the center of QZ) on AoA1 and 

that AoA2.m probe which yielded the best metric on AoA2 (max. TP or min. EIS)

Measure EIS on AoA1 probe and record measurement, i.e., EIS

AoA1,

Pn

Record best metric for AoA2 at grid point P

n

, i.e., 

TP

AoA2,Pn

= max(TP

AoA2.1,

Pn

, …, TP

AoA2.

M

,

Pn

) or 

EIS

AoA2,Pn 

= min(EIS

AoA2.1,Pn

, …, EIS

AoA2.

M

,

Pn

)

Select n=1

Increase n by 1 (until n=N+1)

Post Process the results:

AoA1: CDF of {EIS

AOA1,

P1

, …, EIS

AOA1,

PN

}

AoA2: CDF of {TP

AOA2,

P1

, …, TP

AOA2,

PN

} or

CDF of {EIS

AOA2,

P1

, …, EIS

AOA2,

PN

}
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