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1 Introduction

This TP accommodates the agreements into TR 38.884.
2. Discussion
 The outcome of test time reduction in both email discussion and GTW session of RAN4#100e meeting is captured in this TP.
3 References

[1] TS 38.101-2, User Equipment (UE) radio transmission and reception Part 2: Range 2 Standalone, V17.2.0 (2021-06).

[2] TS 38.521-2, User Equipment (UE) conformance specification Radio transmission and reception Part 2: Range 2 Standalone, V16.8.0 (2021-06).

[3] TS 38.884, Study on enhanced test methods for FR2 NR UEs, V0.4.0 (2021-05).

[4] R4-2114541, Spectrum emission mask test time reduction, Huawei, HiSilicon, 3GPP TSG-RAN WG4 Meeting # 100-e, August., 2021.
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8.3
RSRP(B) based RX beam peak search

RSRP(B)-based RX beam peak search approach is applicable to find the beam peak, the beam peak searching time can be reduced significantly. 

8.3.1
Test procedure 

The RX beam peak direction is found with a 3D RSRP(B) scan (separately for each orthogonal downlink polarization). The RX beam peak direction is where the maximum total component of RSRP is found. The RX beam peak direction search grid points for this single grid approach are defined in Clause 8.2. 

The measurement procedure includes the following steps:

1)
Select any of the three Alignment Options (1, 2, or 3) from Tables N.2-1 through N.2-3 [6] to mount the DUT inside the QZ. 

2)
Position the DUT in DUT Orientation 1 or 2 from Tables N.2-1 through N.2-3 [6]. 

3)
Connect the SS (System Simulator) with the DUT through the measurement antenna with PolLink= polarization to form the RX beam towards the measurement antenna. 

4)
Set a proper high DL power supported by the test system, this value will be defined in RAN5 conformance test spec. Determine RSRP or RSRPBs (one per receiver branch) at PolMeas=PolLink=condition reported by UE. 

5)
Connect the SS (System Simulator) with the DUT through the measurement antenna with PolLink= polarization to form the RX beam towards the measurement antenna. 

6)
Set the same DL power as the one in step 4. Determine RSRP or RSRPBs (one per receiver branch) at PolMeas=PolLink=condition reported by UE.

7)
Advance to the next grid point and repeat steps 3 through 6 until measurements within the full 3D scan have been completed.

8)
Data processing the linear sum of four reported RSRPBs. How to calculate the reported RSRPs is FFS. 

Note: RSRPB-based test procedure is adopted for RX beam peak. Feasibility of RSRP-based approach is FFS.
8.3.2
RSRP(B) accuracy 

To guarantee RSRP(B) accuracy, SNR side condition configuration can refer to the minimum SSB_RP specified for beam correspondence in TS 38.101-2.
--------------End of text proposal -------------
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8.5
Other methods

8.5.1
Fast Spherical Coverage Method

8.5.1.1
General

The Fast Spherical Coverage Method is a test method providing an optimized test time for Tx and Rx spherical coverage measurements.

Instead of measuring all grid points as defined in Annex M of TS 38.521-2 [6] as required by the current test procedure as defined in Annex K.1.5 and Annex K.1.6 of TS 38.521-2 [6], the Fast Spherical Coverage Method requires only a reduced number of grid points to be measured.

For test systems where the device repositioning approach outlined in Annex N of TS 38.521-2 [6] is applied, the grid points of up to a zenith of [90]° are allowed to be measured in the first hemisphere before the device needs to be placed in the second orientation.

This method is applicable to Constant Density grid type. Fast spherical coverage measurement method is also applicable for constant step size grid type.
8.5.1.2
Tx Fast Spherical Coverage Method

The measurement procedure for an EIRP Fast Spherical Coverage Method includes the following steps:

1)
Select any of the three Alignment Options (1, 2, or 3) from Tables N.2-1 through N.2-3 [6] to mount the DUT inside the QZ. 

2) 
Position the DUT in DUT Orientation 1 or 2 from Tables N.2-1 through N.2-3 [6].

3) 
Connect the SS (System Simulator) with the DUT through the measurement antenna with PolLink=θ polarization to form the TX beam towards the measurement antenna.

4)
Send continuously uplink power control "up" commands in every uplink scheduling information to the UE.

5) 
For beam correspondence, DUT refines its TX beam toward that direction depending on DUT’s beam correspondence capability which shall match OEM declaration.

6) 
Lock the beam using the UE beamlock function.

7)
Measure the mean power Pmeas (PolMeas= θ, PolLink= θ) of the modulated signal arriving at the power measurement equipment (such as a spectrum analyser, power meter, or gNB emulator).

8)
Calculate EIRP (PolMeas= θ, PolLink= θ)  by adding the composite loss of the entire transmission path for utilized signal path, LEIRP,θ, and frequency to the measured power Pmeas(PolMeas= θ, PolLink= θ).

9)
Measure the mean power Pmeas (PolMeas= ϕ, PolLink= θ) of the modulated signal arriving at the power measurement equipment.

10)
Calculate EIRP (PolMeas= ϕ, PolLink= θ) by adding the composite losses of the entire transmission path for utilized signal path, LEIRP,ϕ, and frequency to the measured power Pmeas (PolMeas= ϕ, PolLink= θ).

11)
Calculate total EIRP(PolLink= θ)  = (PolMeas= θ, PolLink= θ)  + EIRP(PolMeas= ϕ, PolLink= θ).

12)
Unlock the beam using the UE beamlock function.

13)
Connect the SS (System Simulator) with the DUT through the measurement antenna with PolLink= ϕ polarization to form the TX beam towards the measurement antenna and repeat steps 4 through 12.

14) Calculate the EIRP result for the grid point as EIRPspherical = Max(EIRP(PolLink= θ), EIRP(PolLink= ϕ)). If the EIRPspherical value is above the Min EIRP spherical coverage limit increase Ngrid, meas, PASS by 1.

15) Calculate the percentage of total grid points measured so far above the EIRP spherical coverage requirement limit Ngrid, meas, PASS compared to the total number of grid points on the measurement grid Ngrid,total.

16) If the percentage calculated in step 15 is equal to or higher than (100 - nth percentile for EIRP spherical coverage)%, pass the device, otherwise continue to step 17. If all grid points have been measured, calculate the CDF for all grid points and pass the UE if the derived %-tile EIRP in measurement distribution exceeds the requirement. Otherwise fail the UE.  

17) Advance to the next grid point and repeat steps 3 through 16 until measurements within zenith range 0º≤ θ ≤[90]º have been completed

18)
After the measurements within zenith range 0º≤ θ ≤[90]º have been completed and 

a)
if the re-positioning concept is applied to the TX test cases, position the device in the corresponding second DUT Orientation from Tables N.2-1 through N.2-3 [6] for the Alignment Option selected in Step 1 and DUT Orientation selected in Step 2. For the TX spherical coverage measurement in the second hemisphere, perform steps 3 through 16 for the range of zenith angles [90]º< θ ≤0º. 

b)
if the re-positioning concept is not applied to the TX test cases, continue steps 3 through 16 for the range of zenith angles [90]º< θ ≤180º.

8.5.1.3
Rx Fast Spherical Coverage Method

The measurement procedure for an EIS Fast Spherical Coverage Method includes the following steps:

1)
Select any of the three Alignment Options (1, 2, or 3) from Tables N.2-1 through N.2-3 [6] to mount the DUT inside the QZ. 

2) 
Position the DUT in DUT Orientation 1 or 2 from Tables N.2-1 through N.2-3 [6].

3) 
Connect the SS (System Simulator) with the DUT through the measurement antenna with PolLink= θ polarization to form the RX beam towards the measurement antenna. 

4)
Determine EIS(PolMeas= θ PolLink= θ) for θ-polarization, i.e., the power level for the θ-polarization at which the throughput exceeds the requirements for the specified reference measurement channel. The downlink power step size shall be no more than 0.2 dB when the RF power level is near the sensitivity level.

5)
Connect the SS (System Simulator) with the DUT through the measurement antenna with PolLink= ϕ polarization to form the RX beam towards the RX beam peak direction. 

6)
Determine EIS(PolMeas= ϕ PolLink= ϕ) for ϕ-polarization, i.e., the power level for the ϕ-polarization at which the throughput exceeds the requirements for the specified reference measurement channel. The downlink power step size shall be no more than 0.2 dB when the RF power level is near the sensitivity level.

7)
Calculate the resulting averaged EIS as: EIS = 2*[1/EIS(PolMeas= θ PolLink= θ) +1/EIS(PolMeas= ϕ PolLink= ϕ)]-1. If the EIS value is below the EIS spherical coverage limit increase Ngrid, meas, PASS by 1.

8) Calculate the percentage of total grid points measured so far below the EIS spherical coverage requirement limit Ngrid, meas, PASS compared to the total number of grid points on the measurement grid Ngrid,total.

9) If the percentage calculated in step 8 is equal to or higher than (100 - nth percentile for EIS spherical coverage)%, pass the device, otherwise continue to step 10. If all grid points have been measured, calculate the CCDF for all grid points and pass the UE if the derived %-tile EIS in measurement distribution is lower than the requirement. Otherwise fail the UE.

10) Advance to the next grid point and repeat steps 3 through 16 until measurements within zenith range 0º≤ θ ≤[90]º  have been completed

11)
After the measurements within zenith range 0º≤ θ ≤[90]º have been completed and 

a) if the re-positioning concept is applied to the TX test cases, position the device in the corresponding second DUT Orientation from Tables N.2-1 through N.2-3 [6] for the Alignment Option selected in Step 1 and DUT Orientation selected in Step 2. For the RX spherical coverage measurement in the second hemisphere, perform steps 3 through 9 for the range of zenith angles [90]º< θ ≤0º. 

b) if the re-positioning concept is not applied to the RX test cases, continue steps 3 through 9 for the range of zenith angles [90]º< θ ≤180º.
8.5.2
Non-Uniform TRP Measurement Grids
Given the large number of PC1 TRP grid points, as specified in Clause M.4.1.1 of [6], additional test time reduction can be achieved based on non-uniform grids. The idea here is to apply a fine grid around the FF beam peak direction to capture the main portion of the very directive beam while a coarse grid around the remaining portion of the sphere is applied. This is further illustrated in Figure 8.5.2-1 for a constant step-size grid with the following non-uniform TRP grid assumptions:

· The known FF beam is shown with the large grey dot. On top, the FF beam peak is assumed at (0o,0o) while the FF beam peak on the bottom is assumed at (45o,45o). 

· The red grid points are within a ±20o cone centred around the NF beam peak with ==7.5o.

· The cyan grid points are outside a ±20o cone centred around the NF beam peak with ==15o.
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Figure 8.5.2-1: Visualization of non-uniform TRP grids for NF beam at (0o,0o) on top and at (45o,45o) on bottom. Grid points in cyan (red) are outside (inside) the conical NF beam peak region.
Simulations with 2000 random permutations of the beam peak direction (rotation in , , and twist  as outlined in Clause G.1 of [3]) were performed for a FF range length of 20m; only the Clenshaw-Curtis quadrature was considered here. Table 8.5.2-1 shows the simulation results for the non-uniform measurement grids considered suitable for PC1 devices; the grid with step size of 7.5o within ±20o of the FF beam peak and step size of 15o outside ±20o of the FF beam peak is meeting the same MUs are the current measurement grid. The average number of unique grid points based on all simulations investigated is ~300 which shows a significant test time reduction compared to the current standard TRP grid with 1106 grid points while maintaining the same MU as the grid with uniform step sizes in  and . 
Table 8.5.2-1: CFFDNF TRP simulation results (using Clenshaw-Curtis quadrature) for PC1 devices (12x12 antenna configuration) using non-uniform measurement grids. 

	Antenna Configuration
	Cone width (±) [o]
	Constant Step-Size Grid Step Size outside cone = [o]
	Constant Step-Size Grid Step Size within cone = [o]
	Average number of unique grid points
	|Mean TRP Error| [dB]
	TRP Std. Dev. [dB]

	12x12
	15
	10
	5
	648
	0.1
	0.1

	
	20
	15
	5
	338
	0.1
	0.1

	
	
	15
	7.5
	293
	0.1
	0.1


The TRP calculation is left to the system vendor as there are different approaches to determine TRP, e.g., interpolation of all results to the fine grid vs partial TRPs calculated within the cone and outside the cone.

The comparison of the TRP measurement grid parameters and the min. number of grid points are tabulated in Table 8.5.2-2 with angular grid spacings placed uniformly and non-uniformly in  and . Clearly, the non-uniform TRP measurement grid approach is beneficial in terms of test time reduction. 

Table 8.5.2-2: Comparison of the TRP measurement grid parameters for PC3 and PC1 including potential test time improvement. 
	Antenna Config. 
	Non-uniform angular spacing
	Uniform angular spacing
	Potential Test Time Improvement with non-uniform angular spacing in  and  (factor)

	
	Cone width (±) [o]
	Constant Step-Size Grid Step Size outside cone = [o]
	Constant Step-Size Grid Step Size within cone = [o]
	Average Number of unique grid points
	Constant Step-Size Grid Step Size = [o]
	Number of unique grid points
	

	12x12
	20
	15
	7.5
	293
	7.5
	1106
	3.8


This non-uniform TRP grid approach is also applicable to the constant-density measurement grid type.  
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