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1	Introduction
In RAN 89e, new 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
· PA efficiency and power consumption
· Transceiver calibration due to temperature variation 
· UE Tx power management0
· Other self-calibration and monitoring are not precluded
· 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 98bis-e on UL gap for Tx power management is captured in the way forward [2].  
Agreements: Based on the discussions and inputs from interested companies, phase I related study for UE power/coverage enhancement with body proximity sensing can be completed and Phase II work can start from RAN4#99e. Based on WID, the scope of phase II include
· Only type 1 gap is considered (all UE RF requirements will apply)
· Specify the UL gap configuration(s) and requirements
· Gap overhead should be jointly decided with a good balance of the requirement gains obtained in terms of P-MPR reduction. 
· Specify related UE capability(ies) once requirements are clear
· FFS more details on how to design the capability(ies), including FFS on mutual signalling method using one-bit RRC flag from BS(s) and capability from UE(s) for the UL gap feature.
· Specify the related requirements and test case(s), to ensure that the performance gains are obtained from the introduction of UL gaps for proximity sensing
· The existing FR2 requirements won’t be impacted 


















In this paper, we further discuss potential test cases and related procedure for Tx power management.    
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 Non-zero P-MPR    

The main benefit of Tx power management based on body proximity sensing is P-MPR reduction. In current conformance test, P-MPR = 0 is used in existing RF related tests. Questions raised whether and how to set and test non-zero P-MPR for BPS related test case design. Here we go over the existing test cases and provide our view on methods to set non-zero P-MPR. 

In TS 38.521-2 [5], FR2 related UE conformance tests are specifed, where P-MPR is set to zero based on 38.101-2 specification: 
“P-MPRf,c is the power management maximum output power reduction. The UE shall apply P-MPRf,c for carrier f of serving cell c only for the cases described below. For UE conformance testing P-MPRf,c shall be 0 dB.
a)	ensuring compliance with applicable electromagnetic power density exposure requirements and addressing unwanted emissions / self desense requirements in case of simultaneous transmissions on multiple RAT(s) for scenarios not in scope of 3GPP RAN specifications;
b)	ensuring compliance with applicable electromagnetic power density exposure requirements in case of proximity detection is used to address such requirements that require a lower maximum output power.
NOTE 1:	P-MPRf,c  was introduced in the PCMAX,f,c equation such that the UE can report to the gNB the available maximum output transmit power. This information can be used by the gNB for scheduling decisions.
NOTE 2:	P-MPRf,c and maxUplinkDutyCycle-FR2 may impact the maximum uplink performance for the selected UL transmission path. 
NOTE 3:	MPE P-MPR Reporting, as defined in TS 38.306 [14], is an optional UE capability to report P-MPRf,c when the reporting conditions configured by gNB are met. This UE capability is applicable to all FR2 power classes.”    

In Section 6.2.1.1.4 “Test description” [5], there is the following text for initial test setup:
“6. Ensure the UE is in state RRC_CONNECTED with generic procedure parameters Connectivity NR, Connected without release On, Test Mode On and Test Loop Function On according to TS 38.508-1 [10] clause 4.5. Message contents are defined in clause 6.2.1.1.4.3” 
It can be seen clearly that the conformance tests are carried out by using conformance test functions to activate generic test procedures in order to set the UE into the appropriate test mode. These test settings ensure that P-MPR=0 in the subsequent RF conformance test. There is no additional network signaling to explicitly set P-MPR=0.   

Non-zero P-MPR can also be enabled by revising the current initial test setup, define a new conformance test function to activate “UL gap Test Mode On”. Once the UE enters the “UL gap Test Mode ON”, the UE can apply a non-zero P-MPR. It should be noted that the existing conformance tests cases can continue to use P-MPR=0 dB

Proposal 1: Enable non-zero P-MPR test with additional conformance test function to activate UL gaps in the test procedure. 

2.2 Test case and metric     

An example test case was proposed in [3]. To simplify the discussion, peak EIRP test cases defined in [6] 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 tested UE is expected to meet MPE requirements.
 
Side conditions are listed in Table I, which include UE max EIRP, UL/DL configuration, UL duty cycle, and UL gap configuration which is discussed in a companion contribution []. In addition to the delta EIRP proposed in [3], delta P-MPR based on P-MRP report can be used as one potential test metric.   

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

	Max EIRP
	TBD  

	Reference measurement channel
	TBD. (All UL slots are allocated for UL transmission.) 

	UL/DL configuration 
	DDDSU, DDSUU

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

	Target distance 
	Target not present

	UL gap configuration 
	To be further discussed in RRM session 



 

Measured Delta-EIRP as the metric 

The example test case using delta EIRP was proposed in [3], and list below for further study. In the test, average EIRP is separately calculated during T1 and T2 and compared. 

· During T1 time, UL gap is configured and activated. Since UE can determine there is no object proximate with UL gap, MPE is not the concern and P-MPR should be significantly reduced. This can also be achieved by the test function triggering the UE to apply a certain P-MPR value/backoff. Consequently, higher EIRP is expected. 
· In the following T2 period, UL gap is deactivated. During T2, UE cannot tell if there is proximate object without UL gap. To ensure MPE is always complied with, P-MPR should be determined based on the most conservative assumption that an object is proximate. This can be achieved by the test function triggering the UE to apply a certain P-MPR/backoff. In this case, the measured EIRP should be less than the one in T1.   
· The difference of average EIRP during T1 and T2 can be test metric. 
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Figure 1. Example test procedure with delta-EIRP as metric 

Reported Delta-P-MPR as the metric     

The example test case using delta P-MPR is shown in Fig.2. In the test, UE report P-MPR report separately during T1 and T2 and difference of P-MPR is compared. 

· During T1 time, UL gap is configured and activated via the conformance test function defined in 2.1 – ‘UL gap Test Mode ON’ and setting a low non-zero P-MPR. The UE follows current P-MPR reporting procedure and report P-MPR if needed. 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.  
· The difference of P-MPR reporting during T1 and T2 can be test metric.  
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Fig. 2 Example test procedure with delta-P-MPR as metric


Proposal 2: Test cases measure delta EIRP or delta P-MPR between the cases in which UL gap is activated and deactivated.  


3	Summary
This contribution has provided our views on UL gap test methodology and metric. Our proposals are as follows:

Proposal 1: Enable non-zero P-MPR test with a conformance test function to enable UL gaps in the test procedure.

Proposal 2: Test cases measure delta EIRP or delta P-MPR between the cases in which UL gap is activated and deactivated.  

References
[1] [bookmark: _Ref3386619]RP-202042, “New WID on NR RF Enhancements for FR2”, Nokia, Nokia Shanghai Bell.
[2] R4-2105394, “WF on FR2 enhancement part 3: UL gap”, Apple 
[3] R4-2104849, “UL gaps for Tx power management”, Apple
[4] 3GPP TS 38.101-2: "NR; User Equipment (UE) radio transmission and reception; Part 2: Range 2 Standalone”.
[5] 3GPP TS 38.521-2, “User Equipment (UE) conformance specification; Radio transmission and reception; Part 2: Range 2 Standalone”
3

image2.emf



Connect SS with 
DUT



Form the Tx beam 
towards beam peak 



direction 
Allow Dwell time to get 



beam fix (~3s)



2. Deactivate UL gap, 
enable P-MRP report/



Activate UBF Tx 



1. Activate UL gap, 
enable P-MRP report/



Activate UBF Tx 
UE P-MPR report 



Calculate the P-MPR 
difference between 



1&2











image1.emf



Connect SS with 
DUT



Form the Tx beam 
towards beam peak 



direction 
Allow Dwell time to get 



beam fix (~3s)



2. Deactivate UL gap, 
enable P-MRP report/



Activate UBF Tx 



1. Activate UL gap, 
enable P-MRP report/



Activate UBF Tx 
Measure the power for 



V-pol link 



Measure the power for 
H-pol link 



EIRP is calculated by 
average all active UL 



slots excluding UL gap



Total EIRP = EIRP 
from max(V-pol, H-pol)



Calculate the EIRP 
difference between 



1&2











