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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 management
· Others 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.
 
Discussion in 97e on UL gap is captured in the way forward [2]. Identified use case and evaluation metric should be further discussed. Two type of UL gaps are identified. Further performance evaluation, network and system impacts will be evaluated.   

In this paper, we focus on the usage case of UL power management.  
2	UL Tx power management   
2.1 Use case description  

UL Tx power management usage case was proposed in [3]. To meet regulation requirement, UE need to perform Tx power back off if a target is detected within close proximity of the antenna panel. Figure 1 shows an example how maximum power density (PD) varies with the distance between AP and PD measuring point. As can be seen from plots in Figure 1, there exists a critical distance “x2” (“x1”) beyond which the maximum PD is below the targeted maximum PD limit (FCC maximum PD limit). Beyond this critical distance, no P-MPR is required to ensure regulatory compliance.  

The observation from Fig 1 motivates us to consider proximity sensor (PS) based human target position estimation, so that the corresponding P-MPR and/or operating duty cycle values can be determined and applied only when required i.e. when RF exposure caused to human targets exceed the regulatory limits. A schematic of PS based PD compliant transmit power control is shown in Figure 2.  

Figure 2 shows three main blocks of the PS based PD compliant transmit beam power control module, namely: PS, PD compliant transmit beam power control and the 5G NR FR2 transmitter. As can be seen the PS block comprises of a transmitter and receiver blocks which respectively transmits and receives pulses. The received pulses are post processed to determine the range of (human) target. The estimated target range is then sent to PD compliant transmit beam power control block for determination of the corresponding MPR and/or operating duty cycle value such that the RF exposure is kept below the regulatory limit. The power and/or operating duty cycle thus determined are sent to the 5G NR FR2 transceiver (TRX) block which in turn applies them to the transmit beam.
  

[image: Chart, line chart

Description automatically generated]
[bookmark: _Toc32583116][bookmark: _Toc32583238][bookmark: _Toc32585599][bookmark: _Toc37419780][bookmark: _Toc40349542][bookmark: _Toc43704729][bookmark: _Toc43705487][bookmark: _Toc43706109][bookmark: _Toc43706119]Figure 1: Plot shows distance between AP and averaging surface versus Maximum PD Calculated for a given EIRP.

[image: ]

Figure 2: PS Enabled PD Compliant Transmit Beam Power Control for NR FR2 UL

Observation 1: 	Due to the regulatory requirement on RF exposure limits, there is a need for UE to perform additional P-MPR as a function of peak Tx EIRP and uplink duty cycle. 
Observation 2: There exists a “critical range” for an NR FR2 radio, beyond which if a human target is present, no P-MPR is required to remain RF exposure compliant. 

2.2 Performance gain summary for UL Tx power management with UL gap  

In [3], extensive simulation using LLS or SLS on the impact of system throughput or range was shown, with different P-MPR assumption. Below is a high-level summary of the observation:  

· On link level performance: significant impact to UL throughput with QPSK and 16QAM is observed as a function of P-MPR:
· For QPSK, 12% to 75% reduction in UL throughput was observed as the P-MPR is varied between 1 dB and 8 dB.
· For UL 16QAM, 10% to 49% reduction in UL throughput was observed as the P-MPR is varied between 1 dB and 8 dB.
· For coverage: Application of P-MPR to Transmit power has a significant impact (up to 33%) on UL range with P-MRP=6dB, using Uma NLOS path loss model defined in 38.901.  
· On system level throughput based on simulation assumption listed in Table 6 of [3]: 
· 5-percentile UL throughput reduced by 52% at a P-MPR = 6 dB.
· Mean UL throughput reduced by 13% at a P-MPR = 6 dB.
  
Overall network performance is tightly coupled with P-MPR value. P-MPR is a good metric to evaluate the performance of UL Tx power management with UL gap. 

Proposal 1: 
· Take P-MPR as performance metric for UL Tx power management use case.  



2.3 UL gap category  

In WF [2], it was agreed to categorize two UL gap types based on UE behavior during the gap
· Type 1: No UL scheduling during the gap is needed. NW can assign those resources to other UE for UL transmission.
· Type 2: UL scheduling, including dedicated time and frequency resources reserved for self-calibration and monitoring, during the gap is needed. NW cannot assign those resources to other UE for UL transmission.

Design of proximity sensing needs to ensure that the PS transmitter and receiver do not cause undue interference to the regular 5G NR FR2 signals by operating well below the 3GPP spectral mask for the given band. To ensure this we propose to limit the transmit power of PS to values prescribed for spurious emissions in Table 6.5.3-2 of TS 38.101-2 [5]. The Table is reproduced below for convenience.

Table I: Table 6.5.3-2 - Spurious Emission Limits (TS 38.101-2 [6])
	Frequency Range
	Maximum Level
	Measurement Bandwidth

	30 MHz  f < 1000 MHz
	-36 dBm
	100 kHz

	1 GHz  f < 12.75 GHz
	-30 dBm
	1 MHz

	12.75 GHz  f   2nd harmonic of the upper frequency edge of the UL operating band in GHz
	-13 dBm
	1 MHz


 
Proposal 2: 
· UL gap for UL Tx power management is type 1 UL gap. No UL scheduling is needed during the gap.  


2.4 R16 baseline performance  

In 38.101-2 [4], section 6.4.2, procedure to apply P-MPR is described. It is left for UE to decide how much P-MPR is needed to meet regulation requirement.

Proposal 3: 
· Procedure to apply P-MPR specified in 38.101-2 can be reused.   


2.5 Performance gain and testability   

To demonstrate the performance gain, test case can be designed comparing the case of with UL gap and without UL gap for Tx power management. To simplify the discussion, peak EIRP test cases defined in [5] can be used as the starting point, where DFT-s-OFDM waveform with QPSK, inner full RB allocation are used, and there is no MPR. Regulation requirements need to be met throughout the test, and average P-MPR can be measured and the performance gain with UL gap can be validated.  

 Table II: Example test case to valid the performance gain of UL gap for Tx power calibration   

	Max EIRP
	26dBm, or declared by UE  

	MaxUplinkDutyCycle-FR2
	20%, 40% based on UL/DL configuration  

	UL/DL configuration 
	DDDSU,  DDSUU

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

	
	With UL gap for Tx power management 
	Without UL gap for Tx power management

	Target distance 
	Target close by.
	Target not present
	Target close by
	Target not present 

	Average P-MPR increase 
	XdB* with 20% UL duty cycle 
X+3dB* with 40% UL duty cycle
	Baseline 
	XdB* with 20% UL duty cycle 
X+3dB* with 40% UL duty cycle
	XdB* with 20% UL duty cycle 
X+3dB* with 40% UL duty cycle


* Note: X is 3dB based on the assumption of 26dBm peak EIRP. 
* Note: Implementation margin for the cases of with and without UL gap configured for UL Tx power management can be further discussed and specified correspondingly. 

When no UL gap is configured, UE does not know whether target is close by or not. Therefore, UE will take conservative P-MPR and apply power back off in either case. When UL gap is configured, UE can perform sensing and determine whether the target is close by or not. When target is close by, UE need to apply P-MPR to ensure regulation compliance. Otherwise, less P-MPR is needed.  

With different max EIRP and duty cycle combination, the P-MPR required to meet regulation requirement will be different, and average P-MPR increase X can be different. However, there is no need to design new test cases in addition to peak EIRP test cases defined in [5], which is the most representative one that all UEs are expected to pass.

Although the proposed test used DFT-s-OFDM and QPSK, CP-OFDM waveform and higher modulation order such as 16QAM/64QAM also observed similar performance gain after different MPR requirement is taken into consideration.     

Proposal 4: 
· Potential test case can be added to measure the average P-MRP increase between the cases with and without UL gap is configured. Peak EIRP test cases defined in [5] can be used as the starting point. 


2.6 Network and system impact analysis  
 
UL gap for Tx power management is very useful for cell edge user. For analysis purpose, duty cycle of UL gap for Tx power management is assumed to be around x%. Exact range of the duty cycle limitation can be further study and determined in phase 2.  Since this is type 1 UL gap, the time configured as UL gap can be used to schedule other UE in the network. There is no network capacity impact. For UE specific peak throughput, since the duty cycle is low, total loss of transmission time is minimum. With less P-MPR, we expect large overall UL throughput gain or UL coverage enhancement. For example, as summarized in section 2.2, for cell edge user the throughput gain is 52% with 6dB less P-MPR, taken x% UL gap overhead into consideration, the net capacity improvement is still significant. For cell edge user with 3dB less P-MPR, the throughput gain is 27%, taken x% UL gap overhead into consideration, the large net capacity improvement is expected [3].        

When UL slots are used for sensing, ACK/NACK feedback for DL transmission is impacted. NR HARQ feedback framework is very flexible, allow network to configure K1 value up to 16 slots. That means ACK/NACK missing rate due to UL gap is manageable. Therefore, the impact for DL throughput is also negligible. 

Gap configuration naturally put constraint on network scheduler, on top of all FR2 scheduling constraint. However, since the gap configuration is through RRC signaling, there is no dynamic scheduling constraint and the added complexity should be manageable.  

Observation 3: 
· Overall higher network capacity with minimum system impact is expected to enable UL gap.  
· That means ACK/NACK missing rate due to UL gap is manageable. Therefore, the impact for DL throughput is also negligible.
· If the gap configuration is through RRC signaling, there is no dynamic scheduling constraint and the added scheduling complexity should be manageable.  

3	Summary
This contribution has provided our views on enabling UL gap for Tx power management within the NR FR2 frequency band. Our observations and proposals are as follows:
 
Observation 1: 	Due to the regulatory requirement on RF exposure limits, there is a need for UE to perform additional P-MPR as a function of peak Tx EIRP and uplink duty cycle. 

Observation 2: There exists a “critical range” for an NR FR2 radio, beyond which if a human target is present, no P-MPR is required to remain RF exposure compliant. 

Observation 3: 
· Overall higher network capacity with minimum system impact is expected to enable UL gap.  
· That means ACK/NACK missing rate due to UL gap is manageable. Therefore, the impact for DL throughput is also negligible.
· If the gap configuration is through RRC signaling, there is no dynamic scheduling constraint, and the added scheduling complexity should be manageable.  

Proposal 1: 
· Take P-MPR as performance metric for UL Tx power management use case.  

Proposal 2: 
· UL gap for UL Tx power management is type 1 UL gap. No UL scheduling is needed during the gap.  

Proposal 3: 
· Procedure to apply P-MPR specified in 38.101-2 can be reused.  

Proposal 4: 
· Potential test case can be added to measure the average P-MRP increase between the cases with and without UL gap is configured. Peak EIRP test cases defined in [5] can be used as the starting point. 
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