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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 intermediate agreements captured in the WF [15].  During the RAN4 #107 meeting contributions [16 - 24] were discussed, with more intermediate agreements captured in [25].

During the RAN4 #108 meeting we provided further analysis of the issues related to UL MIMO radiated output power in [26] and a text proposal to TR38.870 with the corresponding metric in [27].  Additionally, we provided views on TxD radiated output power in [28].  RAN4 made a number of key decisions, which enables further progress on the topic of 2Tx radiated output power.

Related to UL MIMO and non-coherent UEs, the following agreements were captured [29]:

	Issue 1-2-1: Test method for non-coherent UE support fullpowerMode1 just single TPMI index 2 
· Agreements
· Single TPMI index =2 used for testing 
· Using Fixed TPMI index =2 as baseline configuration if TRP requirements introduced in Rel-18 
· RAN4 shall further study and discuss another test metric with swept TPMI indexes for testing and captured into TR 
· Test applicable rules can be further discussed



Related to UL MIMO and coherent UEs, the following agreements were captured [29]:

	Issue 1-2-2: For fully Coherent UE support multiple TPMI index 2~5  
· Proposals
· Option 1: 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;
· Option 2: 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; 

· Agreements
· Further discuss option 1 and option 2
· New definition/term on test metric required for option 2 need to be further discussed 


Issue 1-2-3: Testing time consideration for fully Coherent UE, under multiple TPMI index 2~5 condition  
· Agreements
· Test-time increase for option 1 and option 2 in issue 1-2-2 should be taken into account



Related to TxD, the following agreements were captured [29]:

	Issue 1-3-1: 2Tx-based TxD test procedure (first priority) 
· Agreements
· The basic test method for TxD with all the active antennas ON
· Not preclude to consider additional approach with UE-specific configuration 
· Based on vendors declaration to address the phase issue between antennas
· Clarification of UE behavior this UE-specific configuration would trigger and how it can address the phase-dependent destructive superposition of TxD signals to be discussed by RAN4



This contribution provides further analysis of the options for the test methodology for radiated power of 2Tx capable devices and a proposal to make a decision.
2	Discussion 
2.1	UL MIMO (non-coherent and coherent)
2.1.1	Simulation results
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
Case 4: Fixed TPMI=3
Case 5: Fixed TPMI=4
Case 6: Fixed TPMI=5

	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.  Compared to our contribution last meeting [26], cases 4 through 6 are added to include results of TPMI indeces 3 through 5.

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
[bookmark: _Toc146706063][bookmark: _Toc146711228]Observation 1:	The results for simulation cases with TPMI=2, 3, 4, 5 indicate consistent differences in the TRP per TPMI.  This aspect should be analyized further in the context of the measurement grid uncertainty assessment.

To investigate Observation 1 further, we visualize the coverage patterns in Figure 2 below.
a)[image: ]b) [image: ]
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Figure 2: Ideal coverage pattern visualizations (a-d: TPMI indeces 2-5; e: non-coherent; f: coherent)
We anticipate that numerical integration errors, which are a function of the coarseness of the sampling grids used in the simulation, can have an impact on the surface integral.  This problem is highly related to the analysis of measurement grid uncertainty and should be taken into account in that analysis.  Furthermore, the particular ordering of TRP results per TPMI (TPMI=2 yields the lowest TRP, TPMI=3 & 4 are essentially equal, and TPMI=5 yields the best result) is anticipated to be highly dependent on the antenna patterns of the elements and the antennas’ mutual coupling.  Neither of these effects were modeled in this analysis, as it only considers the ideal dipole as the element (without mutual coupling).  Thus, we cannot use this idealized simulation environment to define the radiated output power performance of an actual device.  We can only use these simulation results to make a decision on the multi-Tx output power metric.

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: _Toc146706064][bookmark: _Toc146711229]Observation 2:	The difference between Case 2 and Case 3 of ~[0.7 to 0.5] dB represents a measurable difference in the radiated performance metric.

Given the decision in RAN4 #108 to select the TRP metric based on single TPMI (TPMI=2) for non-coherent UL MIMO as the baseline, it is nonetheless important to also introduce the multi-TPMI TRP metric to the TR.

[bookmark: _Toc146706077][bookmark: _Toc146711242]Proposal 1:	For non-coherent UL MIMO RAN4 should define the alternative UL MIMO TRP metric as the surface integral of measured EIRP, given TPMI is swept over indeces {0,1,2}, and EIRP is selected as the maximum at each test point (Option 1c from RAN4 #107).

We next consider the coherent UL MIMO scenario, wherein RAN4 has already agreed to preclude the TRP metric based on a single TPMI.  For this scenario, there are two alternatives:

-	Alt. 1: UL MIMO TRP metric is defined 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
-	Alt. 2: UL MIMO TRP metric is defined as the 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

[bookmark: _Toc132013484][bookmark: _Toc132018592][bookmark: _Toc134622257][bookmark: _Toc134622323][bookmark: _Toc135044764][bookmark: _Toc142310858][bookmark: _Toc142311694][bookmark: _Toc142648496][bookmark: _Toc142648533][bookmark: _Toc142648546][bookmark: _Toc146654362][bookmark: _Toc146696826][bookmark: _Toc146706065][bookmark: _Toc146711230]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.

[bookmark: _Toc132013482][bookmark: _Toc132018590][bookmark: _Toc134622255][bookmark: _Toc134622321][bookmark: _Toc135044762][bookmark: _Toc142310856][bookmark: _Toc142311692][bookmark: _Toc142648494][bookmark: _Toc142648531][bookmark: _Toc142648544][bookmark: _Toc146654360][bookmark: _Toc146696824][bookmark: _Toc146706066][bookmark: _Toc146711231]Observation 4:	Combined with Observation 1, the metric in Alternative 2 yields a very similar conclusion as Observation 3:  namely, this metric is not capable of discerning whether the UE can correctly configure its transceiver and front end circuitry to delivery maximum power to the gNB.

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 simulation cases of coherent MIMO, non-coherent MIMO, and fixed TPMI.  These simulations give strong indications that the approach of calculating the surface integral for a TRP metric, when it is based on a fixed TPMI configuration, has the potential to significantly underestimate the UE’s ability to deliver power to the gNB receiver.

[bookmark: _Toc132013486][bookmark: _Toc132018594][bookmark: _Toc134622262][bookmark: _Toc134622328][bookmark: _Toc135044769][bookmark: _Toc142310860][bookmark: _Toc142311696][bookmark: _Toc142648498][bookmark: _Toc142648542][bookmark: _Toc142648555][bookmark: _Toc146654374][bookmark: _Toc146696838][bookmark: _Toc146706078][bookmark: _Toc146711243]Proposal 2:	For coherent UL MIMO RAN4 should define the UL MIMO TRP metric as the surface integral of measured EIRP, given TPMI is swept over indeces {2,3,4,5}, and EIRP is selected as the maximum (Option 1c from RAN4 #107).

2.1.2	Test time analysis

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.

Completing the study initiated on [26]. 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 with finner elevation and azimuth grids .
The test time estimation takes into account the following test conditions:

a. Anechoic chamber discrete step measurement
b. Elevation () step grids 5° and 10°
c. Azimuth () step grids 5° and 10°
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 - 5. Emulating test time increase per channel tested as well 3 channels (L/M/H) overall test time.
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[bookmark: OLE_LINK1]Figure 2: Non-coherent UE, TRP Test Time based on different AC solutions, Baseline + TPMI x 3, 1 channel, Elevation () and Azimuth () = 5  
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Figure 3: Non-coherent UE, TRP Test Time based on different AC solutions, Baseline + TPMI x 3, 1 channel, Elevation () and Azimuth () = 10  

[image: A graph of a test
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Figure 4: Non-coherent UE, TRP Test Time based on different AC solutions, Baseline + TPMI x 3, 3 channels, Elevation () and Azimuth () = 5 
[image: A screenshot of a graph
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Figure 5: Non-coherent UE, TRP Test Time based on different AC solutions, Baseline + TPMI x 3, 3 channels, Elevation () and Azimuth () = 10 

Addressing the issue 1-2-2 on [25], a test time emulation considering TPMI Indexes 2, 3, 4 an 5 is  presented on Figures 6 - 9. 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 6: Full-coherent UE, TRP Test Time based on different AC solutions, Baseline + TPMI x 4, 1 channel, Elevation () and Azimuth () = 5  
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Figure 7: Full-coherent UE, TRP Test Time based on different AC solutions, Baseline + TPMI x 4, 1 channel, Elevation () and Azimuth () = 10  
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Figure 8: Full-coherent UE, TRP Test Time based on different AC solutions, Baseline + TPMI x 4, 3 channels, Elevation () and Azimuth () = 5

[image: A screenshot of a graph
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Figure 9: Full-coherent UE, TRP Test Time based on different AC solutions, Baseline + TPMI x 4, 3 channels, Elevation () and Azimuth () = 10


[bookmark: _Toc135060015][bookmark: _Toc142314593][bookmark: _Toc142468761][bookmark: _Toc142648534][bookmark: _Toc142648547][bookmark: _Toc146654363][bookmark: _Toc146696827][bookmark: _Toc146706067][bookmark: _Toc146711232]Observation 5: 		The anechoic chamber stabilization time is the dominant factor on TRP test time. Finner / grid resolution incurs in lower percentile on test time increase.

[bookmark: _Toc142314594][bookmark: _Toc142468762][bookmark: _Toc142648535][bookmark: _Toc142648548][bookmark: _Toc146654364][bookmark: _Toc146696828][bookmark: _Toc146706068][bookmark: _Toc146711233]Observation 6: 	Switching between TPMI Indexes while the chamber is stable if the more efficient implementation method.
[bookmark: _Toc142648536][bookmark: _Toc142648549][bookmark: _Toc146654365][bookmark: _Toc146696829][bookmark: _Toc146706069][bookmark: _Toc146711234]Observation 7: 	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][bookmark: _Toc146654366][bookmark: _Toc146696830][bookmark: _Toc146706070][bookmark: _Toc146711235]Observation 8: 	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][bookmark: _Toc146654367][bookmark: _Toc146696831][bookmark: _Toc146706071][bookmark: _Toc146711236]Observation 9:	Anechoic chambers with 2 s stabilization time will have a test time increase of 21-24% for non-coherent UEs, i.e.: 21% for single channel test and 24% for 3 channels test.
[bookmark: _Toc142648539][bookmark: _Toc142648552][bookmark: _Toc146654368][bookmark: _Toc146696832][bookmark: _Toc146706072][bookmark: _Toc146711237]Observation 10:	 Anechoic chambers with 2 s stabilization time will have a test time increase of 36-31% for full-coherent UEs, i.e.:  36% for single channel test and 31% for 3 channels test.
[bookmark: _Toc142648540][bookmark: _Toc142648553][bookmark: _Toc146654369][bookmark: _Toc146696833][bookmark: _Toc146706073][bookmark: _Toc146711238]Observation 11: 	Anechoic chambers with even shorter stabilization time allowing shorter overall test time are not precluded
[bookmark: _Toc142648543][bookmark: _Toc142648556][bookmark: _Toc146654375][bookmark: _Toc146696839][bookmark: _Toc146706079][bookmark: _Toc146711244]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.

2.2	Tx Diversity
In their LS to RAN4, RAN5 has provided the following information [30]:

	1. Overall Description:
RAN5 thanks RAN4 for providing background on the ongoing work in RAN4 on FR1 TRP and TRS OTA test method for UE supporting TxD capability. Please find below responses from RAN5 to the questions raised by the RAN4 LS. 

Question 1: how to ensure stable TxD mode during RF MOP testing? Is sending continuously uplink power control “up” commands sufficient?

Response: In the current test procedure defined in the conducted MOP test with TxD (TS 38.521-1 V17.7.0 Test 6.2G.1), the SS sends continuous uplink power control “up” commands in every uplink scheduling instance until Pumax level is reached. 
According to clause 6.2G.1 of TS 38.521-1, there is no special command or message contents compared to Transmitter power measurement according to clause 6.2.1, except the fact that “P‑max” information element is not signaled.
It should also be noted that there is no explicit procedure in the test specification to ensure stable TxD mode during RF MOP testing.

Question 2: Is test mode used for TxD testing in conductive RF MOP testing.

Response: As it is known from the defined test procedures for TC 6.2G.1 in TS 38.521-1 V17.7.0, there is No Test Mode used for conducted FR1 RF testing with Tx Diversity enabled.

Question 3: Is conductive RF MOP testing for TxD based on testing 1 antenna port at a time and summing two ports or testing 2 antenna ports transmitting simultaneously.

Response: Based on the test procedure (snippet below) in sub-clause 6.2G.1.4.2 of TS 38.521-1 V17.7.0, it is seen that the MOP is measured by summing the mean power of the UE at each antenna connector in the channel bandwidth. 

[image: ]



With RAN5 confirming that no test mode is used to perform conducted measurements of MOP for TxD UEs, it is quite clear that the issue with destructive superposition of signals can become a significant challenge for the radiated verification of output power for TxD devices.  This technical concerns is quite similar to the results illustrated in Figures 3 and 6 in the previous section of this paper:  there are angles where the identical signals transmitted by the two-antenna UE array superimpose destructively at the test equipment receiver.  Furthermore, with no requirement on phase coherence, this effect can occur at fixed angles when dwelling over a period of time (i.e. the phase difference between Tx1 and Tx2 drifts to a range which sets up conditions for destructive superposition).

Cyclic delay diversity techniques have been identified as a methodology to decorrelate the two signals transmitted by the TxD UE in an attempt to mitigate this issue.  Following the single azimuth cut simulation assumptions we had used in [3], we can illustrate the azimuth cut radiation pattern of the TxD UE assuming a cyclic delay of 299 ns:

[image: A picture containing text, whiteboard
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Figure 6: Azimuth cut coverage patterns for TxD with CDD=299 ns (no phase difference between Tx1 & Tx2)
Of course, with no requirement on the relative phase difference between Tx1 and Tx2 for TxD UEs, the coverage pattern is directly incluenced by this parameter, which for TxD UEs is not controlled by any requirement:


[image: A diagram of a flower pattern
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Figure 7: Azimuth cut coverage patterns for TxD with CDD=299 ns (180 deg phase difference between Tx1 & Tx2)

It appears that it will become a very difficult task for RAN4 to specify radiated output power requirements for TxD UEs if this issue of destructive superposition is not solved.  This issue is separate from the question of how to configure the TxD UE to transmit max output power, since destructive superposition impacts the received signal at the test equipment.  Since TxD is a transmparent scheme, there is no mechanism for the network to configure the UE with a preferred transmit precoding matrix to overcome this challenge.

[bookmark: _Toc134675658][bookmark: _Toc134675758][bookmark: _Toc134676354][bookmark: _Toc142651310][bookmark: _Toc142651346][bookmark: _Toc142651491][bookmark: _Toc146614796][bookmark: _Toc146614967][bookmark: _Toc146615099][bookmark: _Toc146654370][bookmark: _Toc146696834][bookmark: _Toc146706074][bookmark: _Toc146711239]Observation 12:	Destructive superposition of transmitted signals with the TxD scheme impacts the received signal at gNB (in the field) and at the test receiver (during the OTA test).  Since TxD is a transparent scheme, there is no mechanism for the network to configure the UE with a preferred transmit precoding matrix to overcome this challenge.

[bookmark: _Toc132013487][bookmark: _Toc132018596][bookmark: _Toc134675416][bookmark: _Toc134675659][bookmark: _Toc134675759][bookmark: _Toc134676356][bookmark: _Toc142651313][bookmark: _Toc142651349][bookmark: _Toc142651494][bookmark: _Toc146614802][bookmark: _Toc146614973][bookmark: _Toc146615105][bookmark: _Toc146654376][bookmark: _Toc146696840][bookmark: _Toc146706080][bookmark: _Toc146711245]Proposal 4:	RAN4 should determine how to resolve the destructive superposition problem associated with testing radiated output power of TxD UEs before making any further conclusions related to the TxD radiated output power method.  If this issue cannot be resolved, then the radiated output power requirement for TxD UEs might not be a feasible requirement to define.


According to our simulation results, even when the UE employs CDD, the destructive superposition problem cannot be entirely avoided.  Furthermore, since there is no requirement on the phase difference between Tx1 and Tx2 paths for TxD UEs, this phase difference can vary over time, thereby complicating the issue further with time-domain variability.  Both from field performance and testability points of view, it is very difficult to contemplate a solution.

[bookmark: _Toc134676355][bookmark: _Toc142651311][bookmark: _Toc142651347][bookmark: _Toc142651492][bookmark: _Toc146614797][bookmark: _Toc146614968][bookmark: _Toc146615100][bookmark: _Toc146654371][bookmark: _Toc146696835][bookmark: _Toc146706075][bookmark: _Toc146711240]Observation 13:	It may not be feasible to overcome the destructive superposition problem for TxD UEs within the scope of existing UE configurations and test methods.

This discussion seems to circle back to the state of RAN4 understanding in Rel-17, and we observe that our proposal in [31] still remains applicable to discussion today:

	Without prior knowledge of the UE architecture and independent Tx systems implementation, one can’t predict the radiated performance of a non-signalling Tx system with simultaneous operation when evaluating in a lab environment. The TxD system can be designed to optimize radiated performance characteristics e.g.: real environment with anisotropic channel conditions and realistic user cases. An arbitrarily lab test condition might result in improper or unknown phase relationship between transmitters
Observation 1:
The TxD implementation on UEs can be more complex than simply transmitting with more than one antenna simultaneously. The phase relationship between both transmitters can results on constructive or destructive interference

Proposal 1:
Evaluate TxD measuring TRP per antenna under test mode separately and sum them up.

Observation 2:
Implementing TxD in a system where a multiplicity of antennas (more than 2) can be selected, might have proprietary switching mechanisms that goes beyond signalling or simple test commands that can be reproduced by test labs.



[bookmark: _Toc134676357][bookmark: _Toc142651314][bookmark: _Toc142651350][bookmark: _Toc142651495][bookmark: _Toc146614803][bookmark: _Toc146614974][bookmark: _Toc146615106][bookmark: _Toc146654377][bookmark: _Toc146696841][bookmark: _Toc146706081][bookmark: _Toc146711246]Proposal 5:	RAN4 should consider defining TRP for TxD devices based on measurements of TRP per antenna and summed up as a post-processing steps.  A new test mode may be necessary to achieve this.

[bookmark: _Toc142651315]As indicated on issue 1-3-2 [32], there are proposals to address the issue of phase shift that might affect 2Tx based TxD.
[bookmark: _Toc142651316][bookmark: _Toc142651317][bookmark: _Toc142651318][bookmark: _Toc142651319][bookmark: _Toc142651320][bookmark: _Toc142651321][bookmark: _Toc142651322]In both proposals test modes are considered to mitigate the issue related to phase shift (or drift). The phase shift between antennas can be caused by different PA loading, thermal effects on PA and RF Front-end, different dielectric loading in one or both antennas, e.g.: head and hand dielectric loading, etc.  To be able to have a test command that can mitigate such UE phase drift autonomously, firstly a phase detection mechanism needs to be in place in both antennas. Secondly a bus controlled dynamic RF phase shifter must be part of the RF Front-end architecture. After comparing the relative phase diference between the RF signal applied to each antenna a dynamic phase shifter needs to be cotrolled to optimize the phase between both antenna RF signals towards a constructive interference.  Considering that an UE will operate in an enviroment where an user  (or phantom) head position and hand grip will alter the antennas impedance due loading, such optimization needs to be done constantly. Neither of these features are expected to be part of all UEs RF Front-end archtectures, therefore adopting a test command to mitigate 2Tx phase shift can’t be considered an universal solution.

[bookmark: _Toc142651312][bookmark: _Toc142651348][bookmark: _Toc142651493][bookmark: _Toc146614798][bookmark: _Toc146614969][bookmark: _Toc146615101][bookmark: _Toc146654372][bookmark: _Toc146696836][bookmark: _Toc146706076][bookmark: _Toc146711241]Observation 14:	The adoption of test commands to mitigate the issue of 2Tx based TxD phase shift, requires RF Front-end architecture equipped with independent RF signal phase detector and  dynamic phase shifter for both RF paths, and dedicated algorithm. These features are not expected to be found in all UEs.

[bookmark: _Toc142651323][bookmark: _Toc142651351][bookmark: _Toc142651496][bookmark: _Toc146614804][bookmark: _Toc146614975][bookmark: _Toc146615107][bookmark: _Toc146654378][bookmark: _Toc146696842][bookmark: _Toc146706082][bookmark: _Toc146711247]Proposal 6:	RAN4 should not consider the utilization of test commands to mitigate 2Tx based TxD phase drift, since HW/SW requirements are not mandatory or present in all UEs.



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 results for simulation cases with TPMI=2, 3, 4, 5 indicate consistent differences in the TRP per TPMI.  This aspect should be analyized further in the context of the measurement grid uncertainty assessment.
Observation 2:	The difference between Case 2 and Case 3 of ~[0.7 to 0.5] dB represents a measurable difference in the radiated performance metric.
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:	Combined with Observation 1, the metric in Alternative 2 yields a very similar conclusion as Observation 3:  namely, this metric is not capable of discerning whether the UE can correctly configure its transceiver and front end circuitry to delivery maximum power to the gNB.
Observation 5: 	 The anechoic chamber stabilization time is the dominant factor on TRP test time. Finner / grid resolution incurs in lower percentile on test time increase.
Observation 6: 	Switching between TPMI Indexes while the chamber is stable if the more efficient implementation method.
Observation 7: 	The stabilization time vary based on anechoic chamber and system integration implementation, 0.5 – 2s seems to cover most of the applications.
Observation 8: 	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 9:	Anechoic chambers with 2 s stabilization time will have a test time increase of 21-24% for non-coherent UEs, i.e.: 21% for single channel test and 24% for 3 channels test.
Observation 10:	 Anechoic chambers with 2 s stabilization time will have a test time increase of 36-31% for full-coherent UEs, i.e.:  36% for single channel test and 31% for 3 channels test.
Observation 11: 	Anechoic chambers with even shorter stabilization time allowing shorter overall test time are not precluded
Observation 12:	Destructive superposition of transmitted signals with the TxD scheme impacts the received signal at gNB (in the field) and at the test receiver (during the OTA test).  Since TxD is a transparent scheme, there is no mechanism for the network to configure the UE with a preferred transmit precoding matrix to overcome this challenge.
Observation 13:	It may not be feasible to overcome the destructive superposition problem for TxD UEs within the scope of existing UE configurations and test methods.
Observation 14:	The adoption of test commands to mitigate the issue of 2Tx based TxD phase shift, requires RF Front-end architecture equipped with independent RF signal phase detector and  dynamic phase shifter for both RF paths, and dedicated algorithm. These features are not expected to be found in all UEs.


Proposal 1:	For non-coherent UL MIMO RAN4 should define the alternative UL MIMO TRP metric as the surface integral of measured EIRP, given TPMI is swept over indeces {0,1,2}, and EIRP is selected as the maximum at each test point (Option 1c from RAN4 #107).
Proposal 2:	For coherent UL MIMO RAN4 should define the UL MIMO TRP metric as the surface integral of measured EIRP, given TPMI is swept over indeces {2,3,4,5}, 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.
Proposal 4:	RAN4 should determine how to resolve the destructive superposition problem associated with testing radiated output power of TxD UEs before making any further conclusions related to the TxD radiated output power method.  If this issue cannot be resolved, then the radiated output power requirement for TxD UEs might not be a feasible requirement to define.
Proposal 5:	RAN4 should consider defining TRP for TxD devices based on measurements of TRP per antenna and summed up as a post-processing steps.  A new test mode may be necessary to achieve this.
Proposal 6:	RAN4 should not consider the utilization of test commands to mitigate 2Tx based TxD phase drift, since HW/SW requirements are not mandatory or present in all UEs.
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3. Measure the sum of the mean power of the UE at each antenna connector in the channel bandwidth of the radio
access mode. The period of measurement shall be at least the continuous duration of one active sub-frame (1ms)
and in the uplink symbols. For TDD symbols with transient periods are not under test.
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Legend:
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