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1	Introduction
In RAN 92e, revised WID on NR RF enhancements for FR2 is approved [1]. The purpose of this WI is to specify related FR2 UE features and associated requirements, including

· UL gaps for self-calibration and monitoring: [RAN4 RF/RRM, RAN2] Study and, if feasible, introduce UE specific and NW configured gap for general self-calibration and monitoring purposes including
· UE Tx power management
· Other self-calibration and monitoring are not precluded
· Coherent uplink MIMO
· Phase 1: Study and clearly identify the performance gain over the current baseline (Rel.16 requirements) Study of RF performance evaluation/testability related to UE self-calibration and monitoring. Study network impact of UE emissions during UL gap, if any.
· Phase 2: Specify the UL gap configuration(s), related UE capability and interruptions, if needed, based on the identified performance gain in Phase 1 and UE fall back behavior i.e. if gaps are not available for UE requesting gaps.
 


Agreement in 99-e on UL gap for Tx power management is captured in the way forward [2].  
Agreements: 
· It is feasible to enable non-zero P-MPR in Tx power management and BPS related UL gap testing.
· zero P-MPR assumption for the existing test cases kept unchanged 

On the test setups for UL gap based Tx power management.  
· Option 1: Based on P-MPR report with/without blocking
· Option 2: Based on peak EIRP measurement with/without blocking
· Option 3: other method like jamming 

On mandating P-MPR reporting for the UE who is configured with UL gap for BPS based Tx power management. 
· Option 1: Yes  
· Option 2: No.  
· Option 3: depending on the conclusion of test case setup  

On phantom or blocking be introduced in UL gap testing. 
· Continue discussion the test setup and requirement with and without phantom or blocking
· Discuss phantom simplification, e.g., size, material and position

On the RF requirement for the UE who is configured with UL gap for BPS based Tx power management
· Exact RF requirement will be based on test set up.  























In this paper, we further discuss RF aspects related to the UL gap configurations.       

2	UL Tx power management   

To meet MPE requirement, UE needs to perform Tx power back off if a target is detected within proximity of the antenna panel. With proximity sensor (PS) based human target position estimation, the corresponding P-MPR and/or operating duty cycle values can be determined and applied only when required, i.e. in situations where RF exposure caused to human targets can exceed the regulatory limits. One of the key objectives of Phase II work is to specify the related requirement and test cases, to ensure the performance gains are obtained from the introduction of UL gaps for proximity sensing.   

2.1 Phantom or blocking      

In RAN4#99e, whether phantom or blocking is introduced in the test setup have been one of the key discussion points in test set up. The motivation to introduce phantom or other blocking materials by proponents are: 
· Ensure UE uses non-zero P-MPR in the case when phantom is placed.  
· Separate R17 Body PS (BPS) from other types of sensors which do not require UL gaps to perform proximity sensing. 

However, introducing phantom or other blocking materials can lead to complications in the overall testing procedure. Standardizing a phantom in FR2 is also outside of the WI scope. We list the challenges of introducing a phantom/blocking materials below: 

In WF [2], “peak EIRP measurement with/without blocking” was stated as one of the options, namely Option 2, for testing. We list the main challenges of using peak EIRP measurement as a metric in the presence of phantom/other blockages: 
· Introducing phantoms into 3GPP FR2 OTA testing will require careful study and potentially a new testing methodology in the following respects:
a) Testing with Phantoms is a new paradigm in 3GPP. Even though other SDOs have some framework for sub-6GHz OTA testing with phantoms, which by itself continues to be under investigation, this is not investigated for FR2. As such, a dedicated study is required.
b) So far for sub-6GHz OTA testing, the main metrics have been TRP and TIS. While EIRP is measured in different directions to obtain TRP, the measurement of peak EIRP is not the focus and thus is not optimized. To be able to accurately measure peak EIRP, the properties of phantoms including its material, dimensions, and dielectric properties at the target FR2 operating frequencies need to be studied. For instance, the common understanding is mmWave signals do not penetrate deeply into human body, mostly likely the penetration is only a few millimeters, so the coating of phantoms will play a critical role in determining the RF property of phantoms (used to emulate human skin) such as reflection coefficients. It is worth noting that phantom packages targeting OTA testing of handheld devices inside compact antenna test ranges (CATR), at frequencies above 6 GHz, are currently under evaluation by CTIA [6]. 
c) Furthermore, the introduction of phantom will affect the testing environment, including DUT antenna radiation pattern, the required size of quiet zone, etc., which may require reconfiguration/re-design of the layout of testing chamber.
d) The blocking effect of phantoms: When a phantom is placed right in between the DUT and link antenna, it may completely block the communication link in the test. During the test, link quality should be maintained so UE can correctly decode UL DCI for PUSCH transmission, and successfully transmit PHR back to gNB.  
e) Reassessment of Measurement Uncertainty (MU): In current sub-6GHz OTA testing, even the mechanical support structure that is required to hold the DUT or head/hand phantom during a test causes interference while testing and needs to be calibrated for accounting in the tests. As a result, there will be an increase in the MU due to impact of phantoms on radiation pattern, calibration of pathloss, etc., that requires further assessment. The amount of increase in MU needs to be analyzed and in the best case can be assumed to be substantial.

· In addition, there are no other FR2 RF test requirements that have been identified to be tested with phantoms. Therefore, introduction of phantoms for a few test points involving UL-Gaps has no value-addition to the conformance ecosystem. All it would entail is complex study item(s) with very little benefit in return. The focus can instead be on identifying alternatives.

P-MPR reporting with/without block was captured as another option in WF [2]. When P-MPR report is used, it is expected that some of the challenges listed for peak EIRP measurement above, such as the reassessment of MU, can be largely avoided, since no measurement of EIRP is needed. However, study of other aspects noted above, such as property of phantoms and its position with respect to DUT, re-evaluation of test chamber and blocking effect of phantoms, are still needed.

Another motivation of introducing phantom/blocking is to separate R17 BPS from other types of sensors. Since there are many proximity sensing techniques such as inductive sensor, capacitive sensor, ultrasonic sensor, Infrared (IR) sensor, or camera, it was proposed to select phantom made of materials that would trigger only a RADAR based PS. After further investigation, such an approach may not work due to the following reasons:
· Firstly, it is unclear that such a phantom material exists that only RADAR type of sensor can detect, and all other types of sensors cannot detect the target. For instance, a cold phantom may emit less or no infrared radiation, but the temperature needs to be very low, as everything with a temperature above around 5 degrees Kelvin (equal to minus 450 degrees Fahrenheit or minus 268 degrees Celsius) emits IR radiation. Given the short distance between phantoms and DUT, normally few centimeters or shorter, it would be extremely difficult to keep the cold temperature of the phantom while maintaining DUT’s normal ambient temperature, without which DUT’s performance will be greatly impacted. Also, given the many types of sensors, some phantoms can completely absorb infrared light, while still reflecting ultrasound signals thereby causing triggering of ultrasonic sensors. 
· Secondly, even if there exists some material that, at a distance, may well absorb ultrasound, infrared light, or other triggering signals used by a sensor, given the very short distance between DUT and phantom, it is highly doubtful that they can completely prevent such sensors as ultrasonic sensor, IR sensor from working.

Proposal 1: No phantom/blocking in UL gap test set up.   


2.2 Test case, metric, and performance requirement     

To simplify the discussion, peak EIRP test cases defined in [5] is used as the starting point, where DFT-s-OFDM waveform with QPSK, inner full RB allocation is used, and there is no MPR. During the test, UE shall apply P-MPRf,c for carrier f of serving cell c, to meet the MPE requirement throughout the test. It is noted that MPE related compliance is out of 3GPP scope and all UEs tested are expected to ensure MPE compliance as per FCC/ICNIRP requirements.
 
Side conditions are listed in Table I, which include UE max EIRP, UL/DL configuration, UL duty cycle, and UL gap configuration. Delta P-MPR based on P-MPR report can be used as the test metric.   

Table I: Test case to valid the performance gain of UL gap for Tx power Management
   
	Parameters 
	T1: UL gap is activated 
	T2: UL gap is de-activated 

	Max EIRP
	>= 26 dBm

	Reference measurement channel
	All UL slots/symbols are allocated for UL transmission. 

	UL/DL configuration 
	DDDSU 

	UL waveform, constellation and RB
	DFT-s-OFDM, inner full RB allocation, QPSK 

	Target  
	Target not present

	UL gap configuration 
	Up to UL gap configuration discussion in RRM.  



 
Reported Delta-P-MPR as the metric     

The proposed test case based on delta P-MPR is shown in Fig.1. To simplify the design, test procedure according to steps 1 to 4 in section 6.2.1.1.4.2 of TS 38.521-2 can be used as starting point. Before T1 time, the peak beam direction is found and locked. In the test, a test function is then applied to allow non-zero P-MPR during the test as allowed in TS 38.101-2 clause 6.2.4. The UE reports P-MPR separately during T1 and T2 and difference in P-MPR, i.e. delta P-MPR, is computed. 


· During T1 time, UL gap is configured and activated. The UE can perform sensing for any objects nearby, and accordingly decides on whether P-MPR needs to be applied. The conformance test function ensures that the UE can operate under non-zero PMPR. The UE follows current P-MPR reporting procedure and report P-MPR if applied. When P-MPR<3dB, based on current reporting procedure, no P-MPR reporting is expected from UE to gNB.  
· In the following T2 period, UL gap is deactivated. During T2, the UE also follow current P-MPR reporting procedure to report P-MPR if needed. Again, the conformance test function ensures that the UE can operate under non-zero PMPR.  
· The difference of P-MPR values reported during T1 and T2 can be used as a test metric.  

[image: ] 

Fig. 1 Example test procedure with delta-P-MPR as metric

In 38.321, the P-MPR reporting is controlled by the “P” field and the “P-MPR” field. 
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The P-MPR report is 2 bits and defined in current 38.133, and the field mapping is defined as 
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P-MPR gain would depend on the side conditions including waveform, UL duty cycle and max EIRP, etc. Further, implementation margins also need to be considered. In the case of BPS, implementation margin is decided based on RF impairments and Tx power variations due to temperature variation, baseband estimation/detection inaccuracies, etc. The eventual P-MPR gain requirements need to be decided jointly based on side conditions and implementation margins. 

Furthermore, we see phantom bringing limited benefits in differentiating R17 BPS versus other types of sensors. As summarized in Table II, based on P-MPR reported during T1 and T2, one can differentiate a UE with R17 UL gap-based proximity sensor versus UE with non-UL gap based sensor.  









Table II: Comparison of UE Tx power gain for different type of sensors 

	Step
	P-MPR of UE with BPS
	P-MPR of UE with other non-UL gap dependent sensor
	P-MPR of UE without BPS or other sensors

	T1, gap activated, no blocking
	Low
	Low
	High

	T2, gap de-activated, no blocking
	High
	Low
	High




Proposal 2: Reported Delta P-MPR is used as metric. 
3	Summary
This contribution has provided our views on UL gap test methodology and metric. Our proposals are as follows:

Proposal 1: No phantom/blocking in UL gap test set up.   

Proposal 2: Reported Delta P-MPR is used as metric. 
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P: If mpe-Reporting-FR?2 is configured and the Serving Cell operates on FR2, the MAC entity shall set this field
to 0 if the applied P-MPR value, to meet MPE requirements, as specified in TS 38.101-2 [15], is less than P-
MPR 00 as specified in TS 38.133 [11] and to 1 otherwise. If mpe-Reporting-FR2 is not configured or the
Serving Cell operates on FR1, this field indicates whether power backoff is applied due to power management
(as allowed by P-MPR. as specified in TS 38.101-1 [14], TS 38.101-2 [15], and TS 38.101-3 [16]). The MAC

entity shall set the P field to 1 if the corresponding Pcmax s field would have had a different value if no power
backoff due to power management had been applied;
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10.1.26.1 Report mapping

Table 10.1.26.1-1 defines the FR2 P-MPR report mapping.

Table 10.1.26.1-1 Mapping of FR2 P-MPR

Reported value Measured quantity value Unit
P-MPR_00 3 <PMP-R<6 dB
P-MPR_01 6 <PMP-R<9 dB
P-MPR_02 9 < PMP-R <12 dB
P-MPR_03 PMP-R > 12 dB
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