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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] sStudy 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
· 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.
 
Discussion in 98e on UL gap is captured in the way forward [2]. For UL gap related performance gain, it was agreed that:
· UL gap-based UE power/UL coverage gain with proximity sensing has been shown with respect to R16  amount of P-MPR for UEs without the use of such gaps. However, how to show the gain in the test is FFS.
· For PA and transceiver calibration use cases, the metrics for performance gain can be UE TX power increase and DL throughput increase. 
· FFS: additional metrics for consideration can be IBE reduction.

To facilitate network impact analysis, the follow evaluation assumptions are defined to facilitate the related study, 
· Gap configuration: 
· A range of 0.25% - 5% UL gap overhead is considered for evaluation purpose. The UL gap overhead is defined as the duration UL gap over its periodicity.
· Tx power gain in dB
· A range of 2-6dB (in case of 26dBm peak EIRP and 20% duty cycle without the presence of target in proximity) Tx power gain is considered for evaluation purpose..
· Scheduling constraint modeling.

In this paper, we focus on the network impact analysis and further details on potential test case design for UL power management usage case.  
2	UL Tx power management   
2.1 Use case description  

UL Tx power management use case was proposed in [3]. To meet MPE requirement, UE needs to perform Tx power back off if a target is detected within close 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. A schematic of PS enabled RF exposure compliant transmit power control is shown in Figure 1.  

Figure 1 shows three main blocks of the PS enabled RF exposure compliant transmit beam power control module, namely: PS, RF Exposure 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 RF Exposure compliant transmit beam power control block for determination of the corresponding P-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.
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Figure 1: PS Enabled RF Exposure Compliant Transmit Beam Power Control for NR FR2 UL

2.2 Network impact analysis  

2.2.1 Coverage analysis

NR FR2 UL coverage is one of the key metrics for network analysis. The parameters used for coverage analysis is listed in Table I in Appendix, based on the link level performance results shown in [3]. Fig 2 illustrates the link level NR FR2 UL simulation results where the impact of transmit power reduction on UE range (UE distance to gNB) for QPSK MCS 1. Up to 30% range reduction with P-MPR of 6dB is observed. With 2dB P-MPR, the range is reduced by 11.5%. Fig 3 shows the impact of transmit power reduction on UL range for 16QAM MCS 10. Up to 24% range reduction with P-MPR of 4dB is observed. Table 1 provides the details of range versus MCS based on MCL calculation.       
[image: ]
Figure 2: QPSK MCS1 UL Range Loss [m] vs. P-MPR [dB]
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Figure 3: 16 QAM (MCS 10): UL Range [m] vs P-MPR [dB]


Table 1: Range versus MCL for a given MCS based on Link Simulations

	
MCS
	SNR (dB)
	MCL (dB)
	Range (meters)

	1
	0
	124.43
	123

	2
	1
	123.43
	116

	3
	2
	122.43
	109

	4
	3
	121.43
	102.5

	5
	4
	120.45
	96.5

	6
	5
	119.43
	90.6

	7
	6
	118.43
	85.1

	8
	7
	117.43
	80

	9
	8
	116.43
	75

	10
	9
	113.42
	61.7


 
Observation 1:	Significant impact to UL range is observed as a function of P-MPR. 


2.2.2 Throughput analysis using SLS

As agreed in [2], a range of 2-6dB (in case of 26dBm peak EIRP and 20% duty cycle without the presence of target in proximity) Tx power gain is considered for evaluation purpose. The system level simulation assumptions and the corresponding parameters and associated values are shown in the Appendix session for reference. 

Figure 4 shows cumulative distribution function (CDF) of UEs transmitting at a given TX power for an ISD of 200 meters assuming that P-MPR is not applied to meet RF exposure compliance i.e. P-MPR=0 dB. As can be seen in Figure 4, about 30% of UEs transmit at a TRP of 17dBm (EIRP of 26dBm). 
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Figure 4: CDF of UEs Transmitting at a given power level for ISD= 200 meters

Figure 5 shows 5-%ile UL instantaneous throughput values of the NR FR2 system. Here, the instantaneous throughput is the throughput corresponding to 100% duty cycle (DC), and for 20% duty cycle the throughput results should be scaled down by a factor of (100/DC), i.e. (100/20). As expected, the throughput decreases as the P-MPR is increased from 0 to 6 dB. For a P-MPR value of 6 dB, the loss in throughput is around 48%. For a P-MPR of 2 dB, 5-%ile throughput degradation is around 17 %.  
[image: ]Figure 5. 5-%ile UL Throughput for Different P-MPR Values


Observation 2:
· Significant impact to 5-percentile UE throughput is observed as a function of P-MPR. A reduction of 48% in UL throughput was observed at P-MPR = 6dB.

For network impact, in ideal case without scheduling constraint, since this is type 1 UL gap, the time configured as UL gap can be used to schedule other UEs in the network. There is no network capacity impact in this case. 

Considering scheduling constraint, where the gap created for sensing for one UE cannot be scheduled to other UEs, then the resource will be pure overhead. In the worst case where there is only one UE in the network, the network throughput analysis becomes equivalent to UE specific peak throughput analysis. When UL gap is not configured, UL transmission happens at reduced power, for example at a power that is 6 dB lower than the maximum power “P”. In this case transmission happens at every available UL slot, albeit at a lower power. From Fig. 5, we can infer that with a 6 dB power back off the normalized throughput is around 0.52. Given that the UE transmits at every UL slot (a total of 32 in this case) the total throughput obtained in this case is equal to 0.52*32=16.64 units.

When UL gap is configured, UL transmission happens only in select UL slots at full Tx power of “P” dB. These skipped UL slots can potentially be used for sensing purposes. In the worst scenario with 5% gap overhead, with DDDSU UL/DL configuration, transmission is skipped in 8 out of 32 UL slots, and transmission happens only in 24 slots, albeit at full power. The normalized throughput achieved in this case is therefore equal to 1*24=24 units.   

From the normalized throughput values computed based on scenarios (equal to 16.64 and 24 units) respectively, the gain in throughput due to transmitting at full power, albeit in relatively lesser number of UL slots compared to the case in which we transmit in all UL slots, is equal to 44.23% (=((24-16.64)/16.64)*100).

Throughput gain calculations, as shown above for the case with gap overhead of 5%, can be computed for different values of UL gap overhead for different UL/DL configurations. With different UL/DL configurations, the UL gap overhead results in different throughput gains. Table 2 shows the cell edge throughput gain for different values of gap overhead and applied P-MPR values (to ensure MPE compliance) with DDDSU UL/DL configuration. Throughput gains in Table 2 are measured against the case when there is no P-MPR is applied i.e. P-MPR =0dB. In all cases, net benefit is observed. For the case when gap overhead is equal to 0.625% and P-MPR=6dB, 86.3% throughput improvement is observed.

Table 2: Throughput gain analysis based on different Tx power gain and gap overhead, for DDDSU configuration

	Gap overhead
	0.625%
	1.25%
	1.875%
	2.5%
	3.125%
	3.75%
	4.375%
	5%

	3dB Tx power gain
	32.71%
	28.42%
	24.14%
	19.86%
	15.58%
	11.30%
	7.02%
	2.74%

	4dB Tx power gain
	42.46%
	37.87%
	33.27%
	28.68%
	24.08%
	19.49%
	14.89%
	10.29%

	5dB Tx power gain
	58.81%
	53.69%
	48.57%
	43.44%
	38.32%
	33.20%
	28.07%
	22.95%

	6dB Tx power gain
	86.30%
	80.29%
	74.28%
	68.27%
	62.26%
	56.25%
	50.24%
	44.23%



 
Table 3 shows the cell edge throughput gain with DDSUU UL/DL configuration. With more UL slots available over gap periodicity time, the relative UL gap overhead is halved. This results in a higher throughput gain as shown in Table 3. The maximum throughput gain was observed to be around 89.3%, with 0.625% gap overhead and 6dB Tx power gain.

Table 3: Throughput gain analysis based on different Tx power gain and gap overhead, for DDSUU configuration

	Gap overhead
	0.625%
	1.25%
	1.875%
	2.5%
	3.125%
	3.75%
	4.375%
	5%

	3dB Tx power gain
	34.85%
	32.71%
	30.57%
	28.42%
	26.28%
	24.14%
	22.00%
	19.86%

	4dB Tx power gain
	44.76%
	42.46%
	40.17%
	37.87%
	35.57%
	33.27%
	30.97%
	28.68%

	5dB Tx power gain
	61.37%
	58.81%
	56.25%
	53.69%
	51.13%
	48.57%
	46.00%
	43.44%

	6dB Tx power gain
	89.30%
	86.30%
	83.29%
	80.29%
	77.28%
	74.28%
	71.27%
	68.27%



2.2.3 Link level analysis

System level evaluation includes many aspects including interference from neighbor cells, scheduling, link adaptation and power control etc. In addition to SLS, we provide UL link level simulation results to evaluate the impact of additional transmit power reduction on UL throughput. The simulation assumptions and the corresponding parameters used are shown in Table III in Appendix. 

Figure 6 and Figure 7 illustrate the link level NR FR2 UL throughput simulation results for QPSK and 16QAM modulations with different P-MPR. The link level simulation results indicate that the UL transmit power reduction can result in UL throughput losses up to 67.74% for QPSK with P-MPR of 6dB. For 16QAM, up to 48.57% loss is observed with P-MPR of 6dB.  

[image: ]
Fig. 6 Instantaneous UL Throughput Vs P-MPR with QPSK
 

[image: ]
Fig. 7 Instantaneous UL Throughput Vs P-MPR with 16QAM


Table 4 and Table 5 show the link level throughput impact with different UL gap overhead for QPSK and 16QAM respectively. For simplicity, UL/DL configuration of DDDSU is used. Higher net gain is expected with DDSUU UL/DL configuration. As in the case of Tables 2 and 3, in these two cases also throughput gains are measured against the case when there is no P-MPR is applied i.e. P-MPR =0dB. 

Table 4. QPSK throughput gain analysis (%) based on different Tx power gain and gap overhead, for DDDSU configuration 

	Gap overhead
	0.625%
	1.25%
	1.875%
	2.5%
	3.125%
	3.75%
	4.375%
	5%

	3dB Tx power gain
	56.10%
	51.06%
	46.03%
	40.99%
	35.96%
	30.92%
	25.89%
	20.85%

	4dB Tx power gain
	88.22%
	82.14%
	76.07%
	70.00%
	63.93%
	57.86%
	51.79%
	45.72%

	5dB Tx power gain
	126.03%
	118.74%
	111.44%
	104.15%
	96.86%
	89.57%
	82.28%
	74.99%

	6dB Tx power gain
	200.29%
	190.61%
	180.92%
	171.23%
	161.55%
	151.86%
	142.17%
	132.49%




Table 5:  16QAM throughput gain analysis (%) based on different Tx power gain and gap overhead, for DDDSU configuration 

	Gap overhead
	0.625%
	1.25%
	1.875%
	2.5%
	3.125%
	3.75%
	4.375%
	5%

	3dB Tx power gain
	29.10%
	24.93%
	20.77%
	16.60%
	12.44%
	8.28%
	4.11%
	-0.05%

	4dB Tx power gain
	45.22%
	40.53%
	35.85%
	31.16%
	26.48%
	21.80%
	17.11%
	12.43%

	5dB Tx power gain
	69.99%
	64.50%
	59.02%
	53.54%
	48.05%
	42.57%
	37.09%
	31.60%

	6dB Tx power gain 
	88.36%
	82.29%
	76.21%
	70.13%
	64.06%
	57.98%
	51.91%
	45.83%




Observation 3: When Tx power gain of 3-6dB can be achieved, overall higher network capacity with minimum system impact is expected with UL gap overhead of 0.625%-5% .  

Proposal 1: Introduce type-1 UE specific and NW configured gap for Tx power management.

2.3  Testability    

To demonstrate the performance gain, UL gap test case can be defined in the specification. To simplify the discussion, peak EIRP test cases defined in [6] can be used as the starting point, where DFT-s-OFDM waveform with QPSK, inner full RB allocation is used, and there is no MPR. Regulation requirements need to be met throughout the test. An example test case parameter setting is shown in Table 6. And an example testing procedure is shown in Fig. 8.  

Test case can be designed to measure the delta EIRP when UL gap is activated or de-activated. During the test, UE shall apply P-MPRf,c for carrier f of serving cell c, to meet the MPE requirement throughput the test. It is noted that MPE related compliance is out of 3GPP scope and all tested UE is expected to meet MPE requirements. 

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. 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. In order to make sure MPE is always complied with, P-MPR has to be determined based on the most conservative assumption that an object is proximate. 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. 

Detailed requirement can be further discussed and specified in phase II of the WI. And corresponding test cases will be discussed in RAN5 with detailed test set up.  

Table 6: Example 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
	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 

	Target distance 
	Target not present

	Delta- peak EIRP averaged over 4s
	XdB with 20% UL duty cycle, X+3dB with 40% UL duty cycle





[image: Diagram
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Figure 8. Example test procedure 

Proposal 2: 
· Potential test cases can be added to measure delta EIRP between the cases in which UL gap is activated and deactivated.  



2.4 R16 baseline performance  

In 38.101-2 [4], section 6.4.2, a procedure on how to apply P-MPR is described. As part of R16 requirements, it specifies that the UE shall apply P-MPRf,c for carrier f of serving cell c to ensure “compliance with applicable electromagnetic power density exposure requirements”. 

In the example test case shown in Fig. 10, the average EIRP observed during T2 time include the P-MPRf,c that the R16 UE shall apply based on the R16 requirement. The average EIRP observed in T1 time represents the R17 UE performance with UL gap activated. The delta-EIRP between T1 and T2 time shows the performance gain over R16 baseline. 
 
Proposal 3: 
· Procedure to apply P-MPR specified in 38.101-2 can be reused.   

Based on the overall analysis from UE performance, NW performance and testability perspectives, it is proposed

Proposal 4:  RAN4 should conclude Phase I in RAN4#98-bis-e and move forward to Phase II discussion in RAN4#99-e. 

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:	Significant impact to UL range is observed as a function of P-MPR. 

Observation 2: Significant impact to 5-percentile UE throughput is observed as a function of P-MPR. A reduction of 48% in UL throughput was observed at P-MPR = 6dB.

Observation 3: When Tx power gain of 3-6dB can be achieved, overall higher network capacity with minimum system impact is expected with UL gap overhead of 0.625%-5% .  

Proposal 1: Introduce type-1 UE specific and NW configured gap for Tx power management.

Proposal 2: Potential test cases can be added to measure delta EIRP between the cases UL gap is activated and deactivated.  

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

Proposal 4:  RAN4 should conclude Phase I in RAN4#98-bis-e and move forward to Phase II discussion in RAN4#99-e. 

Appendix  
Table I: FR2 UL link budget analysis parameters for range estimate  
	Parameters
	Values

	Total UE Tx EIRP [dBm]
	QPSK: 26
16QAM: 24

	Number of RBs
	50 RBs

	Channel Frequency [GHz]
	28

	Rx Noise Figure [dB]
	5

	gNB Rx Beamforming gain [dB]
	26

	Path Loss Model
	Urban Macro UMa NLoS [3GPP 38.901]



	Slow Fading Margin [dB]
	7

	Foliage Loss [dB]
	8

	Body Loss [dB]
	3


  




Table II: System Simulation Parameters
	Simulation Parameters
	Values

	Number of Cells (Sectors)
	57

	Number of Users per Cell
	100

	Number of Cells per Site
	3

	Network Deployment
	UMa (Urban Macro)

	Channel Frequency
	28 GHz (Lower Band)

	BW
	100MHz

	Inter Site Distance (ISD)
	200m (80% LOS and 20% Non-LOS)

	BS Scheduler
	Round Robin

	MIMO Scheme
	SU-MIMO

	UE location
	All outdoor

	UE Speed
	0 Km/hr

	UE UL Traffic
	Full Buffer

	UE Antenna Patterns
	Simulated Device Element Patterns

	UE Antenna Element Gain
	0 dBi

	UE Beamforming Method
	Codebook Based

	BS Antenna Pattern
	3GPP

	BS Antenna Element Gain
	8 dBi

	BS Beamforming Method
	LOS

	Number of Polarizations
	2 (H,V)

	UE Max UL TRP and Peak EIRP
	17 dBm and 26 dBm

	UE Antenna Config
	4 antenna elements

	gNB Antenna Config
	1 Antenna Array: 8x8

	Cell Search
	SISO Coupling Loss




Table III: UL Link Level Simulation Parameters
	Simulation Parameters
	Values

	Subcarrier Spacing (kHz)
	120

	Transmission bandwidth (MHz)
	100 

	PRB
	50

	TDRA
	14

	Waveform
	CP-OFDM

	DMRS
	Type 1

	Channel model
	TDL-A

	HARQ
	Enabled

	Number of HARQ Processes
	16

	Number of Layers
	1

	Number of Tx Antennas
	1

	Number of Rx Antennas
	2

	MCS
	0-16 (QPSK/16QAM)

	Target BLER
	10%
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