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1	Introduction 
The revised WID [1] has the scope to introduce HPUE for several NR FDD bands. The WI description tracks the completion of the individual bands. RAN4#110 shall be the last meeting and there are still eight bands ongoing for PC2. This contribution provides analysis on open issues and proposals with the aim to complete all the open items at the last meeting.
2	Discussion
2.1 On NS_06 for n13, n14 and n85
The WF [2] asks companies to provide input on 3MHz CBW. Table 1 provides results for 3MHz CBW and indicates 0.5dB for outer allocations. 
Table 1: Results for 3MHz CBW
	Power
Class
	DFT-s-OFDM
	CP-OFDM

	PC3
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	PC2
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Our original contribution on NS_06 [3] found that there is certain demand for increased power back-off with outer allocations. It seems that QPSK DFT-s-OFDM requires 1.5dB back-off while MPR is 1.0dB. This aligns with contribution [4] showing additional power back-off need for DFT-s-OFDM and CP-OFDM. To finalise NS_06 for PC2 it is proposed to define 0.5dB relaxation for outer allocations.
Table 2: A-MPR for NS_06 (Power Class 2)
	Modulation/Waveform
	Outer (dB)

	DFT-s-OFDM
	Pi/2 BPSK
	≤ 1.0

	
	QPSK
	≤ 1.5

	
	16 QAM
	≤ 2.5

	
	64 QAM
	≤ 3.0

	
	256 QAM
	≤ 4.5

	CP-OFDM
	QPSK
	≤ 3.5

	
	16 QAM
	≤ 3.5

	
	64 QAM
	≤ 4.0

	
	256 QAM
	≤ 6.5




Observation 1: For NS_06 there exist two company contributions indicating 0.5dB additional power back-off need for outer allocations compared to MPR.
Proposal 1: Introduce A-MPR for outer allocations by specifying Table 2 for NS_06.
2.2 On NS_07 for n13
We provided our first considerations and results in [5]. The tables 3 and 4 capture the proposals from our last contribution. It is proposed to consider those values when specifying NS_07 HPUE. Since NS_07 uses the same additional spectral emission mask as NS_06 there would be a need to include the decision from NS_06 on A-MPR. In case additional power back-off is introduce for NS_06 it is proposed to introduce the A-MPR to NS_07 according to Tables 3 & 4 and combine the power back-off from the additional SEM via max() operator. 

Table 3: A-MPR regions for NS_07 (PC2)
	Channel Bandwidth, MHz
	Carrier Frequency, MHz
	Regions
	A-MPR

	
	
	RBstart*12*SCS
MHz
	LCRB*12*SCS
MHz
	

	5 MHz
	782 ≤ Fc ≤ 784.5
	≥0
	≥ 1.8
	A3

	5 MHz
	779.5 ≤ Fc < 782
	≤ 0.9
	≥ 0
	A1

	
	
	> 0.9, ≤ 1.26
	≥1.26
	A2

	
	
	> 1.26, ≤ 3.42
	≥ 1.8
	A3

	
	
	>3.42
	≤ 0.36
	A4

	
	
	>1.26, ≤2.16
	≥1.26, <1.8
	A5

	
	
	>3.06
	>0.36
	A5

	10 MHz
	Fc = 782
	≤ 2.34
	≥ 0
	A1

	
	
	>2.34, ≤ 3.24
	≥ 1.44
	A2

	
	
	> 3.24, ≤ 6.48
	≥ 3.24
	A3

	
	
	> 6.48
	≤ 0.36
	A4

	
	
	>3.24, ≤6.48
	≥1.8, <3.24
	A5

	
	
	>6.48
	>0.36
	A5



Table 4: A-MPR for NS_07 (PC2)
	Modulation/Waveform
	A1
	A2
	A3
	A4
	A5

	
	Outer/Inner
	Outer/Inner
	Outer/Inner
	Outer/Inner
	Outer/Inner

	DFT-s-OFDM PI/2 BPSK
	12 + 3
	9 + 2.5
	6 + 2.5
	3 + 2.5
	3

	DFT-s-OFDM QPSK
	12 + 3
	9 + 2.5
	6 + 2.5
	3 + 2.5
	3

	DFT-s-OFDM 16 QAM
	12 + 3
	9 + 2.5
	6 + 2.5
	3 + 2.5
	3

	DFT-s-OFDM 64 QAM
	12 + 3
	9 + 2.5
	6 + 2.5
	3 + 2.5
	3

	DFT-s-OFDM 256 QAM
	12 + 3
	9 + 2.5
	6 + 2.5
	3 + 2.5
	3

	CP-OFDM QPSK
	14 + 3
	10 + 2.5
	7 + 2.5
	3 + 2.5
	3

	CP-OFDM 16 QAM
	14 + 3
	10 + 2.5
	7 + 2.5
	3 + 2.5
	3

	CP-OFDM 64 QAM
	14 + 3
	10 + 2.5
	7 + 2.5
	3 + 2.5
	3

	CP-OFDM 256 QAM
	14 + 3
	10 + 2.5
	7 + 2.5
	3 + 2.5
	3



Proposal 2: On n13 (NS_07): Introduce RB regions and A-MPR according to Table 3 and Table 4.
Proposal 3: On n13 (NS_07): In case additional A-MPR is required for the additional SEM (referring to discussion on NS_06) then combine those A-MPR via max() operator.
2.3 On NS_46 for n7
WF [2] captures lots of discussion points for NS_46. In the following issues are described and solutions are provided. Effort is taken to have no more than 3dB delta between PC3 and PC2. This is done by specifying A10 values such that there is no jump of more than 3dB for inner allocations. Additionally, A6 has been chosen that there is no more increase than 3dB for outer allocations. For CBW of 10MHz, 15MHz and 20MHz the regions with A6 are solely covering outer allocations while regions with A10 are covering inner and outer allocations. This approach guarantees that there is no power back-off increase which exceeds 3dB and therefore avoids PC2 having less output power than PC3.
One issue remains for CBW of 25MHz. PC3 defines A-MPR for allocations at LCRB > 9.72MHz with DFT-s-OFDM and LCRB > 16.02MHz with CP-OFDM. The current proposals define A-MPR such that the delta between PC3 and PC2 is more than 3dB. Table 5 provides a visual representation of the PC3 regions and the current PC2 proposal. By comparing the different regions it can be observed that region A9 extends to lower RBs (compared to PC3) and covers inner allocations. Those allocations will be subject to more than 3dB A-MPR increase. A PC2 UE using the entire A-MPR allowance might have less output power than PC3.
Due to the mentioned issues, it is proposed to consider a different setup aiming to harmonise PC3 regions with the A-MPR demands of PC2. Table 6 provides simulations results for 25MHz CBW and the new region proposals. The topmost region A9 allows for the most demanding power back-off. The lower region A6 is designed to only cover outer allocations for all SCS and increase power back-off by 3dB compared to PC3 outer allocations.
The region proposals for all CBWs are provided in Tables 7 and 8. The A-MPR is captured in Table 9. Table 10 provides a visual overview over all regions for all CBW.
Table 5: 25MHz CBW - PC3 regions and current region proposal for PC2 
	PC3 DFT-s-OFDM Region
	PC3 CP-OFDM Region
	PC2 Region Proposal 
from last meeting
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Table 6: Updated region proposal for 25MHz CBW avoiding more than 3dB delta between PC3 and PC2
	PC2 DFT-s-OFDM
	PC2 CP-OFDM
	New proposal for PC2 regions
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Table 7: A-MPR regions for NS_46 for PC2 (Red colour indicates differences to [7])
	Channel Bandwidth, MHz
	Carrier Center Frequency, Fc, MHz
	Regions
	A-MPR

	
	
	RBend*12*SCS
MHz
	LCRB*12*SCS
MHz
	

	10 MHz
	2555 ≤ FC ≤ 2565

	≥ 7.92
	≥ 7.2
	A5

	
	
	≥ 7.92
	< 2.16
	A5

	15 MHz
	2547.5 ≤ FC ≤ 2562.5
	≥ 11.16
	≥ 7.2
	A6

	
	
	≥ 11.16
	< 7.2
	A10

	20 MHz
	2540 ≤ FC ≤ 2560
	≥12.6, < 15.3
	≥ 10.8
	A6

	
	
	≥ 15.3
	≥ 8.64
	A6

	
	
	≥ 14.4, < 15.3
	 < 8.64
	A10



Table 8: A-MPR regions for NS_46 for PC2 
	Channel Bandwidth, MHz
	Carrier Center Frequency, Fc, MHz
	Regions
	A-MPR

	
	
	RBend*12*SCS
MHz
	LCRB*12*SCS
MHz
	

	25 MHz
	2512.5 ≤ FC ≤ 2557.5
	< 12.24
	>max (0, 12*SCS*RBend - 2.7)
	A5

	
	
	≥ 0
	> 16.02
	A9

	
	
	≥ 0
	≥ 12.24, ≤ 16.02
	A6

	
	
	≥ 17.64
	< 12.24
	A10

	30 MHz
	2515 ≤ FC ≤ 2555
	≥0, <1.44
	>0
	A4

	 
	 
	≥1.44, <13.5
	>max (0, 12*SCS*RBend -1.8)
	A5

	 
	 
	≥13.5, <19.8
	>11.52
	A6

	 
	 
	≥19.8, <25.92
	>6.3
	A7

	 
	 
	≥25.92
	>0
	A8

	
	
	> 20.7 , < 25.92
	≤ 6.3
	A10

	35 MHz
	2517.5 ≤ FC ≤ 2552.5
	≥0, <3.42
	>0
	A4

	
	
	≥3.42, <15.84
	>max (0, 12*SCS*RBend - 3.06)
	A5

	
	
	≥15.84, <22.68
	>12.6
	A6

	
	
	≥22.68, <28.8
	>9.0
	A7

	
	
	≥28.8
	>0
	A8

	
	
	> 24.3 , < 28.8
	≤  9.0
	A10

	40 MHz
	2520 ≤ FC ≤ 2550
	≥0, <4.14
	>0
	A4

	
	
	≥4.14, <5.04
	>max (0, 12*SCS*RBend - 4.5)
	A11

	
	
	≥5.04, <18
	>max (0, 12*SCS*RBend - 4.5)
	A5

	
	
	≥18, <25.74
	>13.5
	A6

	
	
	≥25.74, <32.4
	>12.6
	A7

	
	
	≥32.4
	>0
	A8

	
	
	> 27.9 , < 32.4
	≤  12.6
	A10

	50 MHz
	2525 ≤ FC ≤ 2545
	≥0, <9
	>0
	A4

	
	
	≥9, <21.6
	>max (0, 12*SCS*RBend - 7.2)
	A5

	
	
	≥21.6, <31.5
	>18
	A6

	
	
	≥31.5, <39.6
	>16.2
	A7

	
	
	≥39.6
	>0
	A8

	
	
	> 33.84, < 39.6
	≤ 16.2
	A10




Table 9: A-MPR for NS_46 for PC2
	Modulation/Waveform
	A4
	A5
	A6
	A7
	A8
	A9
	A10
	A11

	 
	Outer/Inner
	Outer/Inner
	Outer/Inner
	Outer/Inner
	Outer/Inner
	Outer/Inner
	Outer/Inner
	Outer/Inner

	DFT-s-OFDM
	PI/2 BPSK
	6.5
	2.5
	3.5
	7.5
	11.0
	6.5
	3.0
	5.0

	 
	QPSK
	6.5
	2.5
	4.0
	7.5
	11.0
	6.5
	3.0
	5.0

	 
	16 QAM
	6.5
	2.5
	4.0
	7.5
	11.0
	6.5
	3.5
	5.0

	 
	64 QAM
	6.5
	 2.5
	4.0
	7.5
	11.0
	6.5
	3.5
	5.0

	 
	256 QAM
	 6.5
	 
	 
	7.5
	11.0
	6.5
	
	5.0

	CP-OFDM
	QPSK
	6.5
	3.5
	6.0
	8.5
	12.0
	8
	4.5
	6.5

	 
	16 QAM
	6.5
	3.5
	6.0
	8.5
	12.0
	8
	4.5
	6.5

	 
	64 QAM
	6.5
	3.5
	6.0
	8.5
	12.0
	8
	4.5
	6.5

	 
	256 QAM
	 6.5 
	 
	 
	8.5
	12.0
	8
	
	



Table 10: Visualised RB regions for NS_46
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Proposal 4: On n7 (NS_46): Consider Table 5, 6 and 7 when defining A-MPR for PC2.

2.4 On NS_12, NS_13, NS_14, NS_15 for n26
The last discussion on n26 was captured in WF [8] from RAN4#108-bis. While latest WID [1] marks the status as “ongoing” there is no discussion captured in WF [2] from RAN4#109. The WF [8] proposes to use certain RB regions and A-MPR as starting point for further analysis. If no other proposals are made in RAN4#110 it is suggested to standardise the captured tables from [8] to complete the discussion on n26. 
Observation 2: On n26: It seems that no proposal was made in RAN4#109 and no discussion took place. Which makes the captured data in WF of RAN4#108-bis the most reason input.
Proposal 5: On n26: If no further inputs are made this meeting, then standardise the captured RB regions and A-MPR from WF of RAN4#108-bis.
2.5 On remaining open issues
The latest WID revision [1] lists eight bands which are not yet completed. Those bands are n2, n5, n7, n13, n14, n26, n28 and n85. Considerable discussion is expected on bands n7 and n28. Since this is the last meeting and the WID has already seen time budget extension there is an uncertainty whether all the remaining tasks can be completed in RAN4#110. It might be considered to finish discussion on critical issues during next RAN plenary.







3	Conclusions
This contribution provides analysis on open issues of FDD HPUE work item with the aim to complete all the open items at the last meeting. The following observations and proposals are made:
Observation 1: For NS_06 there exist two company contributions indicating 0.5dB additional power back-off need for outer allocations compared to MPR.
Proposal 1: Introduce A-MPR for outer allocations by specifying Table 2 for NS_06.
Proposal 2: On n13 (NS_07): Introduce RB regions and A-MPR according to Table 3 and Table 4.
Proposal 3: On n13 (NS_07): In case additional A-MPR is required for the additional SEM (referring to discussion on NS_06) then combine those A-MPR via max() operator.
Proposal 4: On n7 (NS_46): Consider Table 5, 6 and 7 when defining A-MPR for PC2.
Observation 2: On n26: It seems that no proposal was made in RAN4#109 and no discussion took place. Which makes the captured data in WF of RAN4#108-bis the most reason input.
Proposal 5: On n26: If no further inputs are made this meeting, then standardise the captured RB regions and A-MPR from WF of RAN4#108-bis.
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