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1	Introduction 
The Rel-18 work item on the enhancement of TRP/TRS methodologies and requirements for FR1 includes the following objectives related to TRP of 2Tx UEs [1]:

	(1) Enhancements of TRP TRS test methodology 
· Specify necessary enhancement of the anechoic-chamber based test methodology (i.e. reference test methodology) to support (test methodology defined in TR 38.834 is the baseline):
· UE with NR 2Tx configuration
· [bookmark: _Hlk95478656]Case 1: TxD (i.e., TxD capability supported)
· Case 2: single layer UL-MIMO (i.e., codebook-based capability supported)
· Study proper configuration from UE implementation and test system feasibility perspective
· Define test case applicability for case 1 and case 2



RAN4 has devoted a considerable amount of time to discuss the radiated output power test methodology for UL MIMO capable devices.  RAN4 #105 made preliminary agreements in [2].  During RAN4 #106 the contributions in [3-7] were discussed and resulted in the agreement in [8]:

	Issue 1-1-1: Proper TPMI-index for UL-MIMO TRP test 
Agreement: 
· FFS whether dynamic TPMI approach can be considered for RAN4 TRP requirements introduction, further discuss the details on dynamic TPMI approach. 

Issue 1-1-4: Test method for TxD 
Agreements:
· Stick to previous agreement as following:
· Enable 2Tx antenna active simultaneously for 2Tx testing as 1st priority.
· Sequential 1Tx test and then sum up with FFS data processing approach can be further studied as 2nd priority.

Issue 1-1-7: General performance metric for UL-MIMO radiated output power test (new item based on offline feedback)

Agreement: 
· For the UL MIMO radiated output power requirement, RAN4 to further discuss the following metrics:
· Option 1: Surface integral of measured EIRP, given fixed TPMI = 2 (NOTE: this metric is TRP-like if normalized by the radiated power of an ideal isotropic radiator)
· Option 2: Surface integral of measured EIRP, given TPMI is swept over all applicable TPMI according to the UE capability, and EIRP is selected as the maximum
· Option 3: Surface integral of measured EIRP for each TPMI swept over all applicable TPMI according to the UE capability to obtain TRP-like metric for each TPMI and then average the TRP-like metrics
· Option 4: Spherical coverage CDF of measured EIRP, given TPMI is swept over all applicable TPMI according to the UE capability, and EIRP is selected as the maximum
· Other options are not precluded 

…

Annex for information: illustration of the swept TPMI approach and possible procedure (Not agreement)
The figure below provides an illustration of the swept TPMI approach, which is applicable to Options 2 through 4 in Issue 1-1-7, (NOTE: the figure uses coherent UL MIMO TPMIs as an example):
[image: ]

Possible TPMI sweep Test Procedure
For the UL MIMO radiated output power test procedure for Options 2 through 4 in Issue 1-1-7 above, current test procedure from TR 38.834 can be re-used with few changes (in red).
8.2.3    Test procedure
For TRP measurement, the evaluations shall be performed at maximum transmit power. 
The measurement procedure includes the following steps:
1) Place the DUT inside the QZ following the positioning guideline defined in Clause 6.
2) Connect the SS with the DUT through the link antenna following steps 1 and 2 in section 6.2.1.4.2 of TS 38.521-1 [5] [comment: this reference to TS 38.521-1 needs to be revised] and ensure the DUT transmits with its maximum power.
3) Set the SS to transmit .
4) Measure the power, and calculate  by adding the composite loss of the entire transmission path.
5) Repeat steps 3) and 4) for the remaining  , with i = {3, 4, 5}.
6) Repeat steps 3) to 5) for each measurement point.
 
Option 2
The TRP value is calculated using the TRP integration approaches outlined in Clause 5.1, by taking  at each measurement point.
Option 3
 value is calculated for each  , with i = {2, 3, 4, 5}, using the TRP integration approaches outlined in Clause 5.1 taking  at each measurement point. Final TRP value is calculated as .
Option 4
The EIRPtarget-CDF is then obtained from the Cumulative Distribution Function (CDF) computed using for all grid points.



During the RAN4 #106bis meeting contributions [9-14] were discussed, with the following agreement captured in the WF [15]:

	Issue 2-1: Over-The-Air TRP and TRS definition
Agreements: 
· RAN4 should conclude this issue no later than RAN4#108.

Issue 2-2-1: TPMI-index configuration for singe-layer UL-MIMO TRP OTA test 
Proposals:
· Option 1: Surface integral of measured EIRP, given fixed TPMI = 2 (NOTE: this metric is TRP-like if normalized by the radiated power of an ideal isotropic radiator) 
· Option 2: Surface integral of measured EIRP, given TPMI is swept over all applicable TPMI according to the UE capability, and EIRP is selected as the maximum.
· Option 3: Surface integral of measured EIRP for each TPMI swept over all applicable TPMI according to the UE capability to obtain TRP-like metric for each TPMI and then average the TRP-like metrics. 
· Option 3a: Define TRP for one-layer UL MIMO with TPMI 2-5 as the average of two TRP values with TPMI 2 and 3, or 4 and 5. 
· Option 4: Spherical coverage CDF of measured EIRP, given TPMI is swept over all applicable TPMI according to the UE capability, and EIRP is selected as the maximum. 

Agreements:
· Down-selection of above option is needed. FFS how to down select
· Encourage proponent companies to clarify the performance metric definition for the corresponding option next meeting. 



During the RAN4 #107 meeting contributions [16 - 24] were discussed, with the following agreement [25]:

	Issue 1-2-1: For non-coherent UE support fullpowerMode1 TPMI index 2
Agreements:
· FFS, RAN4 targets to finalize the TPMI index selection for non-coherent UE in August RAN4 meeting.

Issue 1-2-2: For fully Coherent UE support multiple TPMI index 2~5  
· Proposals
· Option 1: multi-TPMI based test method 
· Option 1a: measure TRP under each TPMI, and then average TRPs as final performance metric. FFS TPMI index: TPMI 2~5 or 2&3 or 4&5;
· FFS the naming of the performance metric, e.g. keep current  or new term as combined-TRP 
· Option 1b: measure TRP under each TPMI with index 2~5, no further processing. How to define requirement is FFS. FFS TPMI index: TPMI 2~5 or 2&3 or 4&5;
· Option 1c: measure and record best EIRP at each test point (swept over all applicable TPMIs at each measurement grid), and then integrate all the measured best EIRPs into a TRP-like performance metric. TPMI index 2~5;
· FFS the naming of the performance metric, e.g. keep current  or new term as FR1 averaged spherical coverage;
· Option 2: single-TPMI based test method
· Option 2a: measure TRP under TPMI index 2, as the final performance metric;
· Option 2b: measure TRP under one of TPMI index within 3~5, as the final performance metric; 
Agreement: 
· RAN4 target to finalize this issue on TPMI index selection for single layer UL-MIMO in August RAN4 meeting
· Encourage companies to bring more analysis on test time and performance impact with above list candidate options. 





This contribution provides further analysis of the options for the test methodology for radiated power of UL MIMO capable devices and a proposal to make a decision.
2	Discussion 
In an effort to even further explore the feasibility and efficacy of the UL MIMO radiated output metric, we have prepared additional simulation results with ideal half-wave dipole patterns, where the phase difference between Tx1 and Tx2 is modeled in accordance with the coherent UL MIMO requirement in TS38.101-1.  The simulation assumptions are summarized in Table 1 below.

Table 1: Simulation assumptions
	Parameter
	Value

	Tx1, Tx2 antenna patterns
	Ideal half-wave dipole
G = 1.7 dBi

	Mutual coupling
	Not considered

	Antenna separation
	15 cm

	Frequency
	{1 GHz, …, 6 GHz}

	MIMO codebooks
	Case 1: Coherent MIMO
Case 2: Non-coherent MIMO
Case 3: Fixed TPMI=2

	UL MIMO layers
	1

	PA and Tx distortion
	Not modeled

	Phase difference between Tx1 and Tx2
	Phase difference between Tx1 & Tx2 is allowed to drift up to 40 deg between the TPMI configuration and the EIRP measurement (modeled as uniform RV).

	Power normalization
	Normalized to the total power applied to the 2-Tx system:  3+1.7=4.7 dB corresponds to the maximum gain possible for an idealized 0 dBi antenna, where there is constructive superposition in the transmitted signals, and -3+1.7=-1.3 dB corresponds to the single Tx case, where only one antenna transmits using half of the available 2-Tx total power.

Anticipate a result of 0+1.7=1.7 dB to account just for the power combining gain (without any superposition of the patterns).



The simulation methodology is based on the single azimuth cut approach taken in [3], extended to the full sphere analysis of coverage [9], and further expanded in [16].  The total radiated power (TRP) metric is calculated for Case 1 and Case 2 from the envelope of the gain patterns of all applicable TPMI indeces (see the swept TPMI procedure included in Annex of [8]).  For Case 3 TRP is calculated from the spatial response pattern corresponding to TPMI=2.

The distributions of the calculated metrics from simulations with Tx phase impairments are shown for f=1000 and f=3000 MHz, respectively, in Figure 1 below.

 a) [image: ] b) [image: ]
Figure 1: Distributions of UL MIMO TRP with phase impairments; a) f=1000 MHz, b) f=3000 MHz
These results indicate the stability of the coherent MIMO and non-coherent MIMO TRP metrics in the presence of phase impairments, thereby validating the conclusions presented in [16].  Table 2 below summarizes the results (from [16]) in terms of the TRP calculation for each case.

Table 2: Summary of simulation results (TRP metric calculations of coherent/non-coherent/fixed TPMI cases)
	Frequency (GHz)
	TRP calculation (dBm)

	
	Case 1: coherent MIMO
	Case 2: non-coherent MIMO
	Case 3: fixed TPMI=2

	1.0
	2.79
	-0.03
	-0.71

	2.0
	2.79
	0.57
	0.16

	3.0
	2.79
	0.40
	-0.07

	4.0
	2.79
	0.48
	0.04

	5.0
	2.79
	0.43
	-0.03

	6.0
	2.79
	0.47
	0.02



[bookmark: _Toc132013482][bookmark: _Toc132018590][bookmark: _Toc134622255][bookmark: _Toc134622321][bookmark: _Toc135044762][bookmark: _Toc142310856][bookmark: _Toc142311692][bookmark: _Toc142648494][bookmark: _Toc142648531][bookmark: _Toc142648544]Observation 1:	The swept TPMI approach of calculating TRP for the coherent MIMO and non-coherent MIMO codebooks (Cases 1 and 2) demonstrates additional gains due to constructive superposition of signals.

[bookmark: _Toc132013483][bookmark: _Toc132018591][bookmark: _Toc134622256][bookmark: _Toc134622322][bookmark: _Toc135044763][bookmark: _Toc142310857][bookmark: _Toc142311693][bookmark: _Toc142648495][bookmark: _Toc142648532][bookmark: _Toc142648545]Observation 2:	The case of fixed TPMI=2 exceeds the single antenna radiated output power baseline but falls short of the simple power gain target without pattern superposition.

[bookmark: _Toc132013484][bookmark: _Toc132018592][bookmark: _Toc134622257][bookmark: _Toc134622323][bookmark: _Toc135044764][bookmark: _Toc142310858][bookmark: _Toc142311694][bookmark: _Toc142648496][bookmark: _Toc142648533][bookmark: _Toc142648546]Observation 3:	The difference between Case 1 and Case 3 of ~[3.5 to 2.6] dB represents the potential underestimation of the UE’s ability to deliver power to the gNB, if a UE capable of coherent MIMO were verified using the fixed TPMI approach.

In this analysis the surface integral of the combined 2Tx radiation pattern was used to propose a potential TRP definition for devices operating under the UL MIMO configuration to illustrate the differences between the three simulation cases of coherent MIMO, non-coherent MIMO, and fixed TPMI=2.  These simulations give strong indications that the fixed TPMI verification approach for radiated output power has the potential to significantly underestimate the UE’s ability to deliver power to the gNB receiver.

[bookmark: _Toc132013485][bookmark: _Toc132018593][bookmark: _Toc134622261][bookmark: _Toc134622327][bookmark: _Toc135044768][bookmark: _Toc142310859][bookmark: _Toc142311695][bookmark: _Toc142648497][bookmark: _Toc142648541][bookmark: _Toc142648554]Proposal 1:	RAN4 should de-prioritize the fixed TPMI option (Option 2 from RAN4 #107) from further consideration of the radiated output power test method for UL MIMO devices.

[bookmark: _Toc132013486][bookmark: _Toc132018594][bookmark: _Toc134622262][bookmark: _Toc134622328][bookmark: _Toc135044769][bookmark: _Toc142310860][bookmark: _Toc142311696][bookmark: _Toc142648498][bookmark: _Toc142648542][bookmark: _Toc142648555]Proposal 2:	RAN4 should define the UL MIMO TRP metric as the surface integral of measured EIRP, given TPMI is swept over all applicable TPMI according to the UE capability, and EIRP is selected as the maximum (Option 1c from RAN4 #107).

The technical background presented in [3] and [16] demonstrated through simulation results and OTA measurements that a selection of optimal TPMI Index is not only feasible, but also a better representation  of realistic scenario where the EU is capable to avoid destructive interference conditions.

Such concept had been supported by select OEMs, Operators and TE vendors. The remaining question is related to the additional test time implications adopting this method.

In this contribution we emulate realistic test time conditions based on non-coherent and full-coherent UEs testing, adopting a generic but realistic test condition estimation and a variety of anechoic chambers implementations.
The test time estimation takes into account the following test conditions:

a. Anechoic chamber discrete step measurement
b. Elevation () step grid 15°
c. Azimuth () step grid 15°
d. Two polarizations
e. Anechoic chamber mechanical stabilization time (turn table, probes), 0.5, 1, 1.5, 2 seconds
f. EiRP measurement/position time, 40 ms
g. TMPI Index selection time, 200 ms
h. Test channel selection, 1 channel 0 ms and 3 channels 700 ms

Addressing the issue 1-2-1 on [25], a test time emulation considering TPMI Indexes 0, 1 and 2 is  presented on Figures 2 and 3. Emulating test time increase per channel tested as well 3 channels (L/M/H) overall test time.
[image: A graph of a test

Description automatically generated with medium confidence]
Figure 2: Non-coherent UE, TRP Test Time based on different AC solutions, Baseline + TPMI x 3, 1 channel  
[image: A graph of a test

Description automatically generated with medium confidence]
Figure 3: Non-coherent UE, TRP Test Time based on different AC solutions, Baseline + TPMI x 3, 3 channels  

Addressing the issue 1-2-2 on [25], a test time emulation considering TPMI Indexes 2, 3, 4 an 5 is  presented on Figures 4 and 5. Emulating test time increase per channel tested as well 3 channels (L/M/H) overall test time.
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Figure 4: Full-coherent UE, TRP Test Time based on different AC solutions, Baseline + TPMI x 4, 1 channel  
[image: A graph of a test
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Figure 5: Full-coherent UE, TRP Test Time based on different AC solutions, Baseline + TPMI x 4, 3 channels  

[bookmark: _Toc135060015][bookmark: _Toc142314593][bookmark: _Toc142468761][bookmark: _Toc142648534][bookmark: _Toc142648547]Observation 4: 		The anechoic chamber stabilization time is the dominant factor on TRP test time.
[bookmark: _Toc142314594][bookmark: _Toc142468762][bookmark: _Toc142648535][bookmark: _Toc142648548]Observation 5: 	Switching between TPMI Indexes while the chamber is stable if the more efficient implementation method.
[bookmark: _Toc142648536][bookmark: _Toc142648549]Observation 6: 	The stabilization time vary based on anechoic chamber and system integration implementation, 0.5 – 2s seems to cover most of the applications.
[bookmark: _Toc142648537][bookmark: _Toc142648550]Observation 7: 	While the observed percentage in test time increase is higher with chambers with shorter stabilization time, the absolute test time is lower since the delta time on switching trough TPMI Indexes is fixed.
[bookmark: _Toc142648538][bookmark: _Toc142648551]Observation 8:	Anechoic chambers with 2 s stabilization time will have a test time increase of 27-46% for non-coherent UEs, i.e.: 27% for single channel test and 46% for 3 channels test.
[bookmark: _Toc142648539][bookmark: _Toc142648552]Observation 9:	 Anechoic chambers with 2 s stabilization time will have a test time increase of 40-69% for full-coherent UEs, i.e.:  40% for single channel test and 69% for 3 channels test.
[bookmark: _Toc142648540][bookmark: _Toc142648553]Observation 10: 	Anechoic chambers with even shorter stabilization time allowing shorter overall test time are not precluded
[bookmark: _Toc142648543][bookmark: _Toc142648556]Proposal 3: 	The selection of TPMI Indexes during EIRP test does not implicate in significant overall test time increase, switching between TPMI indexes during non-coherent and full-coherent UEs needs to be considered as a feasible test alternative by RAN4 consolidating a best alternative to evaluate UEs radiated performance on quasi-realistic test environment.

3	Conclusions
This contribution provides further analysis of the options for the test methodology for radiated power of UL MIMO capable devices and a proposal to make a decision.  The following observations and proposals are made:

Observation 1:	The swept TPMI approach of calculating TRP for the coherent MIMO and non-coherent MIMO codebooks (Cases 1 and 2) demonstrates additional gains due to constructive superposition of signals.
Observation 2:	The case of fixed TPMI=2 exceeds the single antenna radiated output power baseline but falls short of the simple power gain target without pattern superposition.
Observation 3:	The difference between Case 1 and Case 3 of ~[3.5 to 2.6] dB represents the potential underestimation of the UE’s ability to deliver power to the gNB, if a UE capable of coherent MIMO were verified using the fixed TPMI approach.
Observation 4: 	 The anechoic chamber stabilization time is the dominant factor on TRP test time.
Observation 5: 	Switching between TPMI Indexes while the chamber is stable if the more efficient implementation method.
Observation 6: 	The stabilization time vary based on anechoic chamber and system integration implementation, 0.5 – 2s seems to cover most of the applications.
Observation 7: 	While the observed percentage in test time increase is higher with chambers with shorter stabilization time, the absolute test time is lower since the delta time on switching trough TPMI Indexes is fixed.
Observation 8:	Anechoic chambers with 2 s stabilization time will have a test time increase of 27-46% for non-coherent UEs, i.e.: 27% for single channel test and 46% for 3 channels test.
Observation 9:	 Anechoic chambers with 2 s stabilization time will have a test time increase of 40-69% for full-coherent UEs, i.e.:  40% for single channel test and 69% for 3 channels test.
Observation 10: 	Anechoic chambers with even shorter stabilization time allowing shorter overall test time are not precluded


Proposal 1:	RAN4 should de-prioritize the fixed TPMI option (Option 2 from RAN4 #107) from further consideration of the radiated output power test method for UL MIMO devices.
Proposal 2:	RAN4 should define the UL MIMO TRP metric as the surface integral of measured EIRP, given TPMI is swept over all applicable TPMI according to the UE capability, and EIRP is selected as the maximum (Option 1c from RAN4 #107).
Proposal 3: 	The selection of TPMI Indexes during EiRP test does not implicate in significant overall test time increase, switching between TPMI indexes during non-coherent and full-coherent UEs needs to be considered as a feasible test alternative by RAN4 consolidating a best alternative to evaluate UEs radiated performance on quasi-realistic test environment.
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