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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
…

(1) Specify TRP TRS requirements and recommended tolerance for UE with NR 2Tx for handheld UE based on enhanced reference test method and defined performance part framework 
· Specify the requirements and test tolerance for UE with SA mode
· Band n41, n77 and n78, as the first priority 
· FDD bands are not precluded 
· SA with 1 CC is the first priority



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 [2].  During RAN4 #106 the contributions in [3], [4], [5], [6], and [7] were discussed and resulted in the agreement in [8].

Additionally, two liaison statements – from RAN5 [9] and GSMA [10] – have been received, and RAN4 should discuss how to address the requests therein.

This contribution provides our further views on the test methodology for radiated power of UL MIMO capable devices, views on TxD testing based on the RAN5 LS, and views on the channel bandwidth configuration requested by GSMA.
2	Discussion 
2.1	Test methodology for UL MIMO radiated output power
During RAN4 #106 the contributions in [3], [4], [5], [6], and [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.



In an effort to further explore the feasibility and efficacy of the UL MIMO radiated output metric identified in Option 4 (Issue 1-1-7 of the WF), we have prepared spherical coverage simulation results with ideal half-wave dipole patterns.  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, 2 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
	Not modeled



The simulation methodology is based on the single azimuth cut approach taken in [3] and extended to the full sphere analysis of coverage.  The simulations are normalized to the total power applied to the 2-Tx system:  3 dB corresponds to the maximum gain possible for an idealized 0 dBi antenna, where there is constructive superposition in the transmitted signals, and -3 dB corresponds to the single Tx case, where only one antenna transmits using half of the available 2-Tx total power.  Considering the half-wave dipole assumption used in these simulations, the max possible gain in these simulations is 4.7 dB.

The results for the three cases (coherent MIMO, non-coherent MIMO, and fixed TPMI=2) for 1 GHz and 2 GHz center frequency configurations are shown in Figures 1 through 6 below.

[image: ] [image: ]
Figure 1: Coverage pattern and spherical coverage CDF for the coherent MIMO codebook at f=1 GHz
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Figure 2: Coverage pattern and spherical coverage CDF for the non-coherent MIMO codebook at f=1 GHz
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Figure 3: Coverage pattern and spherical coverage CDF for the fixed TPMI=2 configuration at f=1 GHz

[image: ] [image: ]
Figure 4: Coverage pattern and spherical coverage CDF for the coherent MIMO codebook at f=2 GHz
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Figure 5: Coverage pattern and spherical coverage CDF for the non-coherent MIMO codebook at f=2 GHz
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Figure 6: Coverage pattern and spherical coverage CDF for the fixed TPMI=2 configuration at f=2 GHz
Table 2 below summarizes the results in terms of the system gain associated with the 50%-tile spherical coverage point.

Table 2: Summary of simulation results
	Frequency (GHz)
	Case
	Gain at 50%-tile CDF

	1.0
	Case 1: Coherent MIMO
	2.6

	
	Case 2: Non-coherent MIMO
	-1.0

	
	Case 3: Fixed TPMI=2
	-2.5

	2.0
	Case 1: Coherent MIMO
	2.6

	
	Case 2: Non-coherent MIMO
	-1.0

	
	Case 3: Fixed TPMI=2
	-2.2



[bookmark: _Toc132013482][bookmark: _Toc132018590]Observation 1:	The coherent MIMO and non-coherent MIMO codebooks (Cases 1 and 2) achieve 50%-tile gains which exceed the simple power combining and demonstrate additional gains due to constructive superposition of signals.

[bookmark: _Toc132013483][bookmark: _Toc132018591]Observation 2:	The case of fixed TPMI=2 marginally exceeds the single antenna radiated output power baseline.

[bookmark: _Toc132013484][bookmark: _Toc132018592]Observation 3:	The difference between Case 1 and Case 3 of 4.8 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 50%-tile point was chosen to illustrate the differences between the three simulation cases of coherent MIMO, non-coherent MIMO, and fixed TPMI=2.  The spherical coverage 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]Proposal 1:	RAN4 should de-prioritize the fixed TPMI option (Option 1) from further consideration of the radiated output power test method for UL MIMO devices.

[bookmark: _Toc132013486][bookmark: _Toc132018594]Proposal 2:	RAN4 should define a spherical coverage metric to quantify the radiated UL MIMO performance of UEs, assuming the best TPMI is selected at each EIRP test point, with further details on how to select the percentile and pass/fail values FFS.

[bookmark: _Toc132018595]Proposal 3:	Referring to the WF, our preference is Option 4, and we are fine to further evaluate Option 2.

2.2	Test methodology for TxD
In their LS to RAN4, RAN5 has provided the following information [9]:

	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 Error! Reference source not found., 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 7: 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: ]
Figure 8: 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: _Toc132013487][bookmark: _Toc132018596]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.

2.3	Testing configuration requested by GSMA
The GSMA, in their LS to RAN4 [10], have requested 3GPP to define additional CBW configurations (20 MHz and 10 MHz) for TRS requirements:

	Summary
GSMA TSG Antenna Performance sub group, has been informed about progress of 5G NR OTA WI  for FR1 in 3GPP RAN 4
The GSMA TSGAP has concerns on the test configuration defined for TRS (TIS) since only 100 MHz is used as the Channel Bandwidth for n78. GSMA TSGAP understands that 20 MHz is more appropriate to be used as CBW for test purposes. 
Using 20 MHz as CBW will allow 5G NR test results to be compared with LTE test results which are already tested with 20MHz. 
Other NR bands may only support 20 MHz so it would be appropriate to test all band with same configuration. 
GSMA TSGAP would like to inform 3GPP RAN 4 and RAN 5 that both CTIA and GSMA have adopted the use of 20 MHz channel bandwidth for TRS testing  in  high and mid bands ( e.g. n78) and 10 MHz in low bands ( e.g. n28) .   
Action 
GSMA TSGAP would like to kindly ask 3GPP RAN4 to update their test specs to include the TRS with 20MHz and 10MHz  CBW as described above 



Considering the unwelcome increase of test time associated with adding these CBWs, it is not preferred to introduce them as additional test cases in the TRS test procedure.  On the other hand, it can be valuable to GSMA to have the TRS requirements scaled in BW to their preferred value and also to have the corresponding pass/fail result.

[bookmark: _Toc132013488][bookmark: _Toc132018597] Proposal 5:	RAN4 should introduce the 20 MHz TRS requirement for n78 by rescaling the existing value.  An applicability rule should be included in TS38.161 to consider this requirement fulfilled if the UE is verified based on the existing 100 MHz CBW configuration.

Since band n28 requirements have not yet been introduced in the TS38.161 specification, the GSMA request should be considered when developing the related requirements.

[bookmark: _Toc132013489][bookmark: _Toc132018598]Proposal 6:	RAN4 should consider the GSMA CBW request for n28 when developing the related requirements.

3	Conclusions
This contribution provides our views on the test methodology for radiated power of UL MIMO capable devices, motivates the proposal with a simulation study and measurement results, and proposes the spherical coverage EIPR metric to be used for the radiated UL MIMO requirement The following observations and proposals are made:

Observation 1:	The coherent MIMO and non-coherent MIMO codebooks (Cases 1 and 2) achieve 50%-tile gains which exceed the simple power combining and demonstrate additional gains due to constructive superposition of signals.
Observation 2:	The case of fixed TPMI=2 marginally exceeds the single antenna radiated output power baseline.
Observation 3:	The difference between Case 1 and Case 3 of 4.8 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.


Proposal 1:	RAN4 should de-prioritize the fixed TPMI option (Option 1) from further consideration of the radiated output power test method for UL MIMO devices.
Proposal 2:	RAN4 should define a spherical coverage metric to quantify the radiated UL MIMO performance of UEs, assuming the best TPMI is selected at each EIRP test point, with further details on how to select the percentile and pass/fail values FFS.
Proposal 3:	Referring to the WF, our preference is Option 4, and we are fine to further evaluate Option 2.
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 introduce the 20 MHz TRS requirement for n78 by rescaling the existing value.  An applicability rule should be included in TS38.161 to consider this requirement fulfilled if the UE is verified based on the existing 100 MHz CBW configuration.
Proposal 6:	RAN4 should consider the GSMA CBW request for n28 when developing the related requirements.
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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:



EIRP(θ,φ) | TPMI4 



EIRP(θ,φ) | TPMI5



EIRP(θ,φ) | TPMI3



EIRP(θ,φ) | TPMI2



Max{ EIRP(θ,φ) | TPMI2, EIRP(θ,φ) | TPMI3, EIRP(θ,φ) | TPMI4, EIRP(θ,φ) | TPMI5 } 











