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1 Introduction
In RAN#102 meeting, a new Work Item [1] was approved on UE RF enhancements for NR FR1/FR2 and EN-DC, Phase 4, one of the objectives is about power boosting and/or MPR reduction as follows. In this contribution, we want to share some further views on power domain enhancements for single carrier.
	· Specify power domain enhancement, e.g., MPR reduction for NR single carrier and NR intra-band UL CA
· Study the scenarios, and if feasible, specify the power domain enhancement, e.g., MPR reduction, for PC2 and PC3 with applicable ACLR/SEM/spurious emission modification with BS indication for NR FR1 on a single UL carrier
· [bookmark: OLE_LINK6]Include the following scenarios:
· when there is no adjacent in-band/out-of-band co-existence issue
· when a UE uses a narrower channel bandwidth within a wider BS bandwidth
· Include both (e)RedCap UE (only PC3) and non-RedCap UE
· Limited to QSPK and 16QAM
· [bookmark: OLE_LINK11]Specify MPR applicability based on the UL CCs with activated cells for NR intra-band UL CA configuration
· Include both intra-band UL contiguous CA and intra-band non-contiguous UL CA for FR1
· Include intra-band UL contiguous CA and intra-band DL contiguous CA with single UL for FR2
· [bookmark: OLE_LINK13]MPR requirement is not applicable until the SCell is activated
· Necessary signaling to support the above objectives



2 Discussion
2.1 Relaxed requirements from co-existence/regulation perspective
	1.2. relaxed requirements from co-existence/regulation perspective
Way forward: 
· For regions where at least ACLR and SEM can be relaxed for the identified scenarios, FFS whether SE could be relaxed, or under which conditions can be relaxed. 


Spurious emission requirements typically originate from regulatory body such as ITU-R recommendation SM.329. According to TS 36.803, the general spurious emission requirements and the corresponding reference bandwidths are taken from ITU-SM.329 for both the UE and the BS. The stricter Category B requirements were selected for the UE, to allow for global circulation of terminals. Regarding OOB boundary, it is defined as BWchannel +5 between NR out of band and general spurious emission domain in TS 38.101-1, while ITU-SM.1541 specifies the frequency separation between the centre frequency of UE CBW and the spurious boundary as 1.5*BWchannel + 5. 3GPP and ITU-R share the same applying range of spurious emission requirements. Hence, we can conclude that spurious emission requirements in 3GPP is the same as ITU-R.
Observation 1: The stricter Category B requirements in ITU-SM.329 were selected for the UE in 3GPP to allow for global circulation of terminals. 3GPP and ITU-R share the same applying range of spurious emission requirements.
Regarding MPR limitations, simulation results indicate SEM is the main limiting factor of MPR for outer and edge RB allocations with limited RBs, while ACLR is the major limiting factor for other cases of outer RB allocations. For inner RB allocation, SEM or IBE serves as the limiting factor, while SEM dominates for edge RB allocation. Notably, these limitations ensure compliance with spurious emission requirements. Therefore, spurious emissions are not the primary limiting factor for MPR. If relaxing ACLR can sufficiently reduce MPR, there may be no need to relax SE.
From the BS test perspective, TT (test tolerance) values are considered for SEM and ACLR, respectively. TT (test tolerance) means a small relaxation is allowed considering the test uncertainty. However, no TT is allowed for spurious emission test requirements, which means it shall be mandatory to meet without any relaxation although there exists test uncertainty which is similar as SEM/ACLR. Therefore, for spurious emission requirements, we don’t think they can be relaxed.  
Proposal 1: For spurious emission requirements, they can’t be relaxed.
2.2 Evaluation of relaxed requirements
	1.3 General considerations for power domain enhancements
Way forward:
· Only requirements relaxation should be considered for power domain enhancements in Rel-19
· only consider general requirements for the further evaluation
· No power domain enhancements based on BWP is considered
1.4 Evaluation of relaxed requirements
Way forward:
· [No relaxation of ACLR/SEM/SE outside of the BS CBW for one operator holding spectrum for scenario 2, i.e. Narrower UE channel BW within wider BS bandwidth]
· FFS whether outer, edge or inner RB allocation is prioritized for further evaluation
· FFS impact on MPR by relaxing ACLR w/ or w/o relaxing SEM/Spurious Emissions
· FFS whether IBE is considered instead of the relaxed ACLR/SEM/SE for the region between UE CBW and BS CBW.


According to the current MPR requirements for PC2 and PC3 for QPSK and 16QAM, as depicted in the following tables, it is evident that PC2 and PC3 share identical MPR requirements for both outer and inner RB allocations. Moreover, MPR is fixed at 0 dB for inner RB allocation with DFT-s-OFDM QPSK, indicating no room for MPR reduction. Compared with inner RB allocation, MPR for outer RB allocation is larger. Hence, we propose that MPR reduction for outer RB allocation is prioritized.
Proposal 2: We propose that MPR reduction for outer RB allocation is prioritized.
Table 6.2.2-1 Maximum power reduction (MPR) for power class 3
	Modulation
	MPR (dB)

	
	Edge RB allocations
	Outer RB allocations
	Inner RB allocations

	DFT-s-OFDM
	QPSK
	≤ 1
	05

	
	16 QAM
	≤ 2
	≤ 1

	CP-OFDM
	QPSK
	≤ 3
	≤ 1.5

	
	16 QAM
	≤ 3
	≤ 2


Table 6.2.2-2 Maximum power reduction (MPR) for power class 2
	Modulation
	MPR (dB)

	
	Edge RB allocations
	Outer RB allocations
	Inner RB allocations

	DFT-s-OFDM
	QPSK
	≤ 3.5
	≤ 1
	02

	
	16 QAM
	≤ 3.5
	≤ 2
	≤ 1

	CP-OFDM
	QPSK
	≤ 3.5
	≤ 3
	≤ 1.5

	
	16 QAM
	≤ 3.5
	≤ 3
	≤ 2


Scenario 1-1: Scenario with no adjacent in-band/out-of-band co-existence issue (single operator)
For scenario 1-1, “no adjacent out-of-band co-existence issue” denotes there are no close frequency spectrum belonging to different operators, like band n41 deployment in China, where all the band n41 frequency spectrum is allocated for one operator. Similarly, “no adjacent in-band co-existence issue” means the in-band co-existence scheduled for different UE can be handled by the operator. In this case, it may be feasible to relax UE ACLR/SEM requirement for further MPR reduction. 
Initially, we conducted simulations to gauge the potential MPR reduction achievable for outer RB allocation when only ACLR is relaxed by 1-2 dB, with results detailed in the annex. From our simulation results, it can be observed that MPR reduction is about 0.3 dB for QPSK/ 16QAM with DFT-s-OFDM, and 0.4 dB for CP-OFDM, respectively, when ACLR is relaxed by 1 dB. Further relaxation to 2 dB yields MPR reductions of up to 0.6 dB for DFT-s-OFDM and 0.8 dB for CP-OFDM with QPSK/16QAM.
Observation 2: Our simulation results demonstrate that when ACLR is relaxed by 2 dB, MPR reduction can reach up to 0.6 dB for DFT-s-OFDM and 0.8 dB for CP-OFDM with QPSK/16QAM.
Subsequently, we also discover that even with a 2 dB relaxation in ACLR, it remains the limiting factor for MPR. Furthermore, an examination of Power Spectral Density (PSD), particularly for DFT-s-OFDM QPSK, indicates that the PSD remains far from SEM limits, even with ACLR relaxed from 30 dB to 28 dB. Consequently, further relaxation of SEM will not result in additional MPR reduction when relaxing ACLR, and there is no need to relax ACLR with SEM.
Proposal 3: Further relaxation of SEM will not result in additional MPR reduction when relaxing ACLR, and there is no need to relax ACLR with SEM.
[image: SEM_SE_ACLR=30dBc]   [image: SEM_SE_ACLR=28dBc]
Figure 2.1: PSD for ACLR = 30 dB                    Figure 2.2: PSD for ACLR = 28 dB
Scenario 2: Narrower UE channel BW within wider BS bandwidth
The key of MPR reduction for Scenario 2 lies in converting outer RB allocation into inner RB allocation and utilizing MPR for inner RB allocation instead of outer RB allocation. The definition of inner RB allocation is meeting RBStart,Low ≤ RBStart  ≤ RBStart,High, and LCRB ≤ ceil (NRB/2). Thus, this scenario can be divided into two cases for discussion. Case 1 is the distance between UE CBW and the nearest BS CBW is larger than the half of UE CBW, and case 2 is the distance between UE CBW and the nearest BS CBW is smaller than the 1/2 UE CBW.
Observation 3: Scenario 2 can be divided into two cases for discussion. Case 1 is the distance between UE CBW and the nearest BS CBW is larger than the half of UE CBW, and case 2 is the distance between UE CBW and the nearest BS CBW is smaller than the 1/2 UE CBW.
For case 1, the starting point of ACLR, SEM domain on both sides can be shifted by half of UE CBW, as shown in figure 2.3. Instead of applying ACLR and SEM requirement in the relaxed 10MHz range, IBE requirement can be used.
Proposal 4: For case 1, the starting point of ACLR, SEM domain on both sides can be shifted by half of UE CBW. Instead of applying ACLR and SEM requirement in the shifted range, IBE requirement can be used.
[image: D:\Users\00327441\Desktop\RAN4 meeting\110bis\tdocs\scenario 2.pngscenario 2]
Figure 2.3: Case 1 the distance between UE CBW and the nearest BS CBW is larger than the half of UE CBW
For case 2, the distance between UE CBW and the nearest BS CBW is smaller than the 1/2 UE CBW and even towards 0, which is the most deployments for RedCap UEs to avoid frequency fragmentation. An example illustrating this scenario is presented in [3] Figure 6, where partial RBs are allocated to UE and are positioned adjacent to the UE channel side, close to the center of the BS channel. However, this example can be excluded from consideration due to the agreement reached in the last meeting, which stipulated that no power domain enhancements based on BWP would be considered.
In such case, transitioning MPR from outer RB allocation to inner RB allocation may not be feasible. ACLR requirement is symmetric outside the UE channel bandwidth, and relaxing the ACLR outside the BS channel bandwidth may not be possible due to co-existence concerns. Consequently, it's conceivable that no MPR reduction can be achieved in this case.
Proposal 5: In case2, relaxing the ACLR outside the BS channel bandwidth isn’t possible. It's conceivable that no MPR reduction can be achieved in this case.

3 Conclusion
In this contribution, we shared some views on  power domain enhancements for single carrier and the proposals are made as follows:
Observation 1: The stricter Category B requirements in ITU-SM.329 were selected for the UE in 3GPP to allow for global circulation of terminals. 3GPP and ITU-R share the same applying range of spurious emission requirements.
Proposal 1: For spurious emission requirements, they can’t be relaxed.
Proposal 2: We propose that MPR reduction for outer RB allocation is prioritized.
Observation 2: Our simulation results demonstrate that when ACLR is relaxed by 2 dB, MPR reduction can reach up to 0.6 dB for DFT-s-OFDM and 0.8 dB for CP-OFDM with QPSK/16QAM.
Proposal 3: Further relaxation of SEM will not result in additional MPR reduction when relaxing ACLR, and there is no need to relax ACLR with SEM.
Observation 3: Scenario 2 can be divided into two cases for discussion. Case 1 is the distance between UE CBW and the nearest BS CBW is larger than the half of UE CBW, and case 2 is the distance between UE CBW and the nearest BS CBW is smaller than the 1/2 UE CBW.
Proposal 4: For case 1, the starting point of ACLR, SEM domain on both sides can be shifted by half of UE CBW. Instead of applying ACLR and SEM requirement in the shifted range, IBE requirement can be used.
Proposal 5: In case2, relaxing the ACLR outside the BS channel bandwidth isn’t possible. It's conceivable that no MPR reduction can be achieved in this case.
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5 Annex
Table 5.1: MPR with ACLR relaxation for DFT-s-OFDM

	DFT-s-OFDM
	
	ACLR = 30dB (default)
	ACLR = 29dB
	ACLR = 28dB

	Modulation
	[RB start, RB Num]
	SCS [KHz]
	BW [MHz]
	Limiting factor
	MPR [dB]
	spec
	Limiting factor
	MPR [dB]
	Limiting factor
	MPR [dB]

	 QPSK
	 [0,25]
	15
	5
	ACLR
	1
	1

	ACLR
	0.63
	ACLR
	0.32

	
	 [0,100]
	15
	20
	ACLR
	1.06
	
	ACLR
	0.8
	ACLR
	0.38

	
	 [0,270]
	15
	50
	ACLR
	1.2
	
	ACLR
	0.8
	ACLR
	0.5

	
	 [0,128]
	30
	50
	ACLR
	1.06
	
	ACLR
	0.72
	ACLR
	0.44

	
	 [0,270]
	30
	100
	ACLR
	1.15
	
	ACLR
	0.8
	ACLR
	0.5

	
	 [0,18]
	60
	15
	ACLR
	0.93
	
	ACLR
	0.64
	ACLR
	0.3

	
	 [0,100]
	60
	80
	ACLR
	1.15
	
	ACLR
	0.68
	ACLR
	0.4

	
	[0,50]
	15
	20
	ACLR
	0.84
	
	ACLR
	0.5
	ACLR
	0.24

	
	[0,20]
	15
	20
	ACLR
	0.1
	
	SEM
	0
	SEM
	0

	
	[0,50]
	30
	50
	ACLR
	0.93
	
	ACLR
	0.59
	ACLR
	0.25

	
	[0,20]
	30
	50
	ACLR
	0.25
	
	ACLR
	0
	SEM
	-0.15

	
	[0,50]
	60
	80
	ACLR
	0.89
	
	ACLR
	0.58
	ACLR
	0.28

	
	[0,20]
	60
	80
	ACLR
	0.32
	
	ACLR
	0
	ACLR
	-0.3

	 16QAM
	 [0,25]
	15
	5
	ACLR
	1.48
	2
	ACLR
	1.15
	ACLR
	0.88

	
	 [0,100]
	15
	20
	ACLR
	1.52
	
	ACLR
	1.2
	ACLR
	0.95

	
	 [0,270]
	15
	50
	ACLR
	1.7
	
	ACLR
	1.35
	ACLR
	1.08

	
	 [0,128]
	30
	50
	ACLR
	1.6
	
	ACLR
	1.27
	ACLR
	0.99

	
	 [0,270]
	30
	100
	ACLR
	1.7
	
	ACLR
	1.36
	ACLR
	1.1

	
	 [0,18]
	60
	15
	ACLR
	1.52
	
	ACLR
	1.2
	ACLR
	0.92

	
	 [0,100]
	60
	80
	ACLR
	1.56
	
	ACLR
	1.27
	ACLR
	0.96

	
	[0,50]
	15
	20
	ACLR
	1.36
	
	ACLR
	1.07
	ACLR
	0.8

	
	[0,20]
	15
	20
	ACLR
	0.63
	
	EVM
	0.5
	EVM
	0.5

	
	[0,50]
	30
	50
	ACLR
	1.5
	
	ACLR
	1.15
	ACLR
	0.85

	
	[0,20]
	30
	50
	ACLR
	0.81
	
	ACLR
	0.52
	EVM
	0.52

	
	[0,50]
	60
	80
	ACLR
	1.48
	
	ACLR
	1.15
	ACLR
	0.85

	
	[0,20]
	60
	80
	ACLR
	0.92
	
	ACLR
	0.59
	EVM
	0.49



 
Table 5.2: MPR with ACLR relaxation for CP-OFDM

	CP-OFDM
	
	ACLR = 30dB (default)
	ACLR = 29dB
	ACLR = 28dB

	Modulation
	[RB start, RB Num]
	SCS [KHz]
	BW [MHz]
	Limiting factor
	MPR [dB]
	spec
	Limiting factor
	MPR [dB]
	Limiting factor
	MPR [dB]

	 QPSK
	 [0,25]
	15
	5
	ACLR
	2.97
	3

	ACLR
	2.58
	ACLR
	2.25

	
	 [0,106]
	15
	20
	ACLR
	3.16
	
	ACLR
	2.76
	ACLR
	2.46

	
	 [0,270]
	15
	50
	ACLR
	3.2
	
	ACLR
	2.84
	ACLR
	2.5

	
	 [0,133]
	30
	50
	ACLR
	3.2
	
	ACLR
	2.84
	ACLR
	2.5

	
	 [0,273]
	30
	100
	ACLR
	3.25
	
	ACLR
	2.88
	ACLR
	2.54

	
	 [0,18]
	60
	15
	ACLR
	2.97
	
	ACLR
	2.62
	ACLR
	2.25

	
	 [0,107]
	60
	80
	ACLR
	3.24
	
	ACLR
	2.85
	ACLR
	2.5

	
	[0,50]
	15
	20
	ACLR
	3.1
	
	ACLR
	2.71
	ACLR
	2.33

	
	[0,20]
	15
	20
	ACLR
	2.62
	
	ACLR
	2.21
	ACLR
	1.82

	
	[0,50]
	30
	50
	ACLR
	3.15
	
	ACLR
	2.75
	ACLR
	2.38

	
	[0,20]
	30
	50
	ACLR
	2.75
	
	ACLR
	2.3
	ACLR
	1.91

	
	[0,50]
	60
	80
	ACLR
	3.29
	
	ACLR
	2.85
	ACLR
	2.5

	
	[0,20]
	60
	80
	ACLR
	3.1
	
	ACLR
	2.67
	ACLR
	2.25

	 16QAM
	 [0,25]
	15
	5
	ACLR
	2.97
	3
	ACLR
	2.58
	ACLR
	2.25

	
	 [0,106]
	15
	20
	ACLR
	3.15
	
	ACLR
	2.76
	ACLR
	2.42

	
	 [0,270]
	15
	50
	ACLR
	3.2
	
	ACLR
	2.84
	ACLR
	2.5

	
	 [0,133]
	30
	50
	ACLR
	3.2
	
	ACLR
	2.84
	ACLR
	2.5

	
	 [0,273]
	30
	100
	ACLR
	3.28
	
	ACLR
	2.88
	ACLR
	2.54

	
	 [0,18]
	60
	15
	ACLR
	2.98
	
	ACLR
	2.62
	ACLR
	2.28

	
	 [0,107]
	60
	80
	ACLR
	3.25
	
	ACLR
	2.85
	ACLR
	2.5

	
	[0,50]
	15
	20
	ACLR
	3.07
	
	ACLR
	2.71
	ACLR
	2.33

	
	[0,20]
	15
	20
	ACLR
	2.62
	
	ACLR
	2.21
	ACLR/SEM
	1.86

	
	[0,50]
	30
	50
	ACLR
	3.15
	
	ACLR
	2.75
	ACLR
	2.38

	
	[0,20]
	30
	50
	ACLR
	2.75
	
	ACLR
	2.3
	ACLR
	1.93

	
	[0,50]
	60
	80
	ACLR
	3.29
	
	ACLR
	2.85
	ACLR
	2.5

	
	[0,20]
	60
	80
	ACLR
	3.1
	
	ACLR
	2.67
	ACLR
	2.25
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