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Introduction
In RAN4#94-Bis e-meeting, a number of Way Forwards [1, 2] provided further alignment and options to analyze for SEM and ACLR bandwidth definitions, allocation definition and the required analysis. In this contribution, a set of results are presented based on new measurements using the agreed bandwidths definitions, allocation definitions according to [3] and propose associated MPR and provides worst case A-MPR for NS04 and NS27.
Discussion
As a follow up of measurements that we have presented in the previous meeting, we have increased the number measured allocation types and use the correct bandwidth definitions, also we use the contiguous/non-contiguous and inner/outer definitions from [3].
ULCA Waveform Parameters
PA Calibration
A band n41 PA is calibrated at 1dB MPR for DFT-s-OFDM QPSK 20MHz 100RB0 waveform and 30 dBc ACLR
4 dB post PA losses are assumed and Power class 3 level
28 dB image and carrier rejection are added
Waveforms always use equal PSD power split between CCs

As discussed in [2] and illustrated in the next chapter, each CC uses different user data (PN9 and PN23 for example) to minimize correlation of peaks and thus have proper PAPR. Cell ID is the same for each CC, which may use the same or different DMRS patterns.
PAPR Comparison
To illustrate the impact of correlated data on each CC on PAPR and thus the required MPR, Figure 1 compares a number of combinations of two 20 MHz channels with 15 kHz SCS:
· Allocation: 1RB + 1RB (dashed lines) or 100RB+ 100RB (solid lines)
· DFT-s-OFDM QPSK on each CC, non-correlated (light green), correlated (orange)
· CP-OFDM QPSK on each CC, non-correlated (dark green), correlated (red)
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Figure 1: PAPR CCDF of DFT-s-OFDM and CP-OFDM combined channel with and without data correlation
Observation: For all waveforms with correlated data, the PAPR is increased by around 2dB
Proposal 1: MPR should be derived from waveforms using uncorrelated data for each CC.
Measured Allocations Examples for the Agreed Channel Configurations
We provide in Table 1, the corner cases (smallest and largest) for different types of allocations definitions according to [3] for the class B and C channel configurations agreed in [2]: 
· 20+20MHz and 50+50MHz (both 15kHz SCS) for class B
· 60+100MHz and 100+100MHz (both 30kHz SCS) for class C
Table 1: Corner allocation cases for some channel configurations of class B and C UL CA
	
	Class B UL CA
	Class C UL CA

	
	20M_15k+20M_15k
	50M_15k+50M_15k
	60M_30k+100M_30k
	100M_30k+100M_30k

	max contiguous Inner RB
	106
	270
	432/2
	546/2

	largest lower
	053RB053+053RB000
	135RB135+135RB000
	054RB108+162RB000
	136RB137+136RB000

	largest higher
	 
	 
	051RB111+165RB000
	 

	mim lower
	070RB036+001RB000
	180RB090+001RB000
	107RB055+001RB000
	181RB092+001RB000

	min higher
	001RB105+070RB000
	001RB269+180RB000
	001RB161+181RB000
	001RB272+181RB000

	max contiguous Outer RB
	212
	540
	435
	546

	
	106RB000+106RB000
	270RB000+270RB00
	162RB000+273RB00
	273RB000+273RB00

	max non-contiguous Inner RB 
	67
	176
	284/2
	358/2

	largest lower
	001RB071+001RB032
	001RB181+001RB087
	001RB147+001RB127
	001RB109+001RB163

	largest higher
	001RB073+001RB034
	 
	 
	 

	mim lower
	001RB055+001RB000
	001RB138+001RB000
	001RB083+001RB000
	001RB000+001RB000

	min higher
	001RB105+001RB050
	001RB269+001RB131
	001RB161+001RB134
	001RB272+001RB272

	max non-contiguous Outer1 RB 
	127
	324
	522/2
	654/2

	largest lower
	001RB042+001RB063
	001RB107+001RB161
	001RB086+001RB185
	001RB109+001RB163

	largest higher
	 
	001RB108+001RB162
	001RB087+001RB186
	 

	mim lower
	001RB000+001RB000
	001RB000+001RB000
	001RB000+001RB056
	001RB000+001RB000

	min higher
	001RB105+001RB105
	001RB269+001RB269
	001RB161+001RB235
	001RB272+001RB272

	max non-contiguous Outer2 RB 
	001RB000+001RB105
	001RB000+001RB269
	001RB000+001RB272
	001RB000+001RB272



These corner cases at the edges of the different allocations types plus the cases immediately next to these edges have been used for measurements.
MPR Back-off Measurements
As discussed above, a limited set of waveforms chosen based on Table 2 to be just at the edges of the different regions, or representing the worst case scenario, have been measured for both CP-OFDM and DFT-s-OFDM. For the non-contiguous allocations, the measurement focused on the worst case 1RB+1RB allocations. Some cases still looked at possible MPR reduction for large outer 1 and outer 2 non-contiguous allocations. The measurements are done against agreed intra-band contiguous SEM and ACLR using the agreed bandwidths from [1].

Figure 2 and Figure 3 report measured back-off for class B UL CA and class C UL CA respectively. The back-off in dB in compared with tentative MPR values from Table 3 for:
· 20MHz@15kHz+20MHz@15kHz (Figure 2 top) and 50MHz@15kHz+50MHz@15kHz (Figure 2 bottom)
· 60MHz@30kHz+100MHz@30kHz (Figure 3 top) and 100MHz@30kHz+100MHz@30kHz (Figure 3 bottom)
· Measured back-off is plotted with blue bars and margin to tentative MPR from Table 3 is represented in green.
· Plain blue bars are for contiguous allocations
· Dark blue is worst case outer with full allocation 
· Medium blue is for outer allocation around 75% of the full allocation and allocations at the edge of the inner region
· Light blue is for worst case inner at ~50% of full allocation
· Stripped blue bars are for non-contiguous allocations
· Dark blue is for outer2 allocation 
· Medium blue is for outer1 allocation
· Light blue is for inner allocation
· DFT-s -OFDM (prefix D) and CP-OFDM (prefix C)
· Suffix indicates the type of allocation:
· C for contiguous, N for non-contiguous
· I for inner, O for outer (with 1or 2 distinctions for non-contiguous outer)

Table 2 provides the MPR values that are suited to the linear PA measurements and are used for the illustration. However, they require further refinements to provide a formal proposal for the outer values and account for:
· Margin to enable ET and APT PAs which have less linearity improvement vs back-off than a fixed bias PA.
· Possible MPR reduction for large allocated bandwidths
Table 2: MPR value used for class B and class C UL CA plots
	UL CA
BW class
	Modulation
	MPR (dB)
contiguous
	MPR (dB)
Non-contiguous

	
	
	Inner
	Outer
	Inner
	Outer1
	Outer2

	B 
≤ 100MHz
	DFT-s-OFDM QPSK
	1.5
	4
	2
	5.5
	8

	
	CP-OFDM QPSK
	2
	5.5
	2.5
	6
	8

	C 
≤ 200MHz
	DFT-s-OFDM QPSK
	2
	4.5
	2
	6
	8

	
	CP-OFDM QPSK
	2.5
	6
	2.5
	6
	8


Class B UL CA results
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Figure 2: Measured back-off versus MPR for class B UL CA
Class C UL CA results
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Figure 3: Measured back-off versus MPR for class C UL CA
With these measurements, a few aspects can be observed:
· Back-off required for inner allocations are very similar whether allocations are contiguous or non-contiguous, only the inner region have different sizes: it is based on half of max allocation for contiguous case and one third of max allocation for non-contiguous allocation.
· For inner allocations, CP-OFDM requires about 0.5 dB higher back-off than DFT-s-OFDM. 
· For outer allocations, the behavior is different between contiguous allocation and non-contiguous allocations.
· Contiguous allocations back-off is driven from wideband signals and have about 1.5dB difference between CP-OFDM and DFT-s-OFDM
· Non-contiguous allocations back-off is driven from 1RB+1RB case signals and have little difference between CP-OFDM and DFT-s-OFDM
· For the fixed supply wideband design used here the class C performance requires limited increase of back-off compared to class B
· The subdivision of outer1 and outer 2 for non-contiguous allocations is providing up to 2dB benefit especially for class B
· For non-contiguous outer allocation cases where large aggregated bandwidths have been measured (e.g. 20M0+20M0_001R030+050R000, 50M0+50M0_001R100+128R001) a significant lower back-off is needed as a consequence of a lower PSD (sometimes to a similar level as the inner allocations). We thus consider that reduced MPR for large outer non-contiguous allocations is needed based on absolute bandwidth (not bandwidth ratio) to account for PSD reduction.
Proposals for PC3 Intra-band Contiguous ULCA MPR
In order to analyze results in 2.3 and derive MPR proposal, the linearity behavior of today’s UE implementation using ET or APT must be compared with the 3GPP fixed bias assumption:
· The 3GPP fixed bias assumption at ACLR limit is conservative for low back-off (say < 5dB) as APT and ET implementations have linearity margin to start with and small additional margins to account for process/temperature/voltage variations is enough
· However, for large back-off the 3GPP fixed bias assumption at the ACLR limit is optimistic as both ET and APT linearity improvements with back-off are more limited.
· Furthermore, some implementations have more bandwidth limitations than the fixed bias case thus extra margin should be added for BW exceeding the 100MHz single CC limit or the 4% relative bandwidth limit associated with single CC MPR.
On the other hand, we also have shown that the non-contiguous Outer 1 and 2 values needed for the worst case 1RB+1RB cases are excessive and thus propose to enable a 3dB reduced outer MPR when the aggregated allocation (LCRB1+LCRB2) bandwidth exceeds 10MHz. The proposed values can be found in Table 3.

Proposal 2 on MPR values for QPSK:
Table 3: Proposed PC3 MPR values for QPSK modulation
	UL CA
BW class
	Modulation
	MPR for contiguous allocations (dB)
	MPR for non-contiguous allocations (dB)

	
	
	Inner RB allocations
	Outer RB allocations
	Inner RB allocations
	Outer1 RB allocations
	Outer2 RB allocations

	B 
≤ 100MHz
	DFT-s-OFDM QPSK
	≤ 1.5
	≤ 4
	≤ 2
	≤ 61
	≤ 91

	
	CP-OFDM QPSK
	≤ 2
	≤ 5.5
	≤ 2.5
	≤ 61
	≤ 91

	C 
≤ 200MHz
	DFT-s-OFDM QPSK
	≤ 2.5
	≤ 5
	≤ 2.5
	≤ 71
	≤ 101

	
	CP-OFDM QPSK
	≤ 3
	≤ 6.5
	≤ 3
	≤ 71
	≤ 101

	NOTE 1: MPR is relaxed by 3dB for aggregated allocation bandwidths > 10MHz


A-MPR Back-off Measurements
In order to get an accurate representation of the critical A-MPR cases, the measurements for worst case 1RB+1RB used a larger power sweep (20 dB instead of 10 dB) and monitored IMD3/5/7 products. The worst case results for class B are presented in Figure 4 and Figure 5 for class D. The harmonic level is represented from -13dBm/MHz to -40dBm/MHz (the with a limit shown at -25dBm/MHz is wrongly placed at -30dBm/MHz) which are the relevant out of band emissions limits for NS04 (n41) and NS27 (n48) and are candidates for UL CA.
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Figure 4: 15 kHz DFT-s-OFDM (top) and CP-OFDM (bottom) QPSK 1RB+1RB case: harmonic 3 to 7 level in dBm/MHz versus Pout for 20 MHz + 20 MHz (dashed) and 50 MHz + 50 MHz (plain)
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Figure 5: 30 kHz DFT-s-OFDM (top) and CP-OFDM (bottom) QPSK 1RB+1RB case: harmonic 3 to 7 level in dBm/MHz versus Pout for 60 MHz + 100 MHz (dashed) and 100 MHz + 100 MHz (plain)
Similar to the discussion in the MPR section, to derive our A-MPR analysis, we have accounted for the needed extra margins. This is required for the larger back-off cases to enable all implementations and we also added further margin for class D to compensate for bandwidth limitations. 

Especially for higher order harmonics, the class C case benefits from using 30 kHz SCS rather than 15 kHz SCS for class B cases. Also, to some extent, the limited PA bandwidth helps there, but only because the measured cases are for the furthest apart 1RB+1RB case.

Observations for 1RB+1RB at -13 dBm/MHz level:
· CP-OFDM requires a slightly higher back-off than DFT-s-OFDM
· Non-contiguous MPR should be sufficient to cover IMD7 issues
· Non-contiguous outer 1 and 2 MPR covers IMD3 and IMD5 by default

Observations for 1RB+1RB at -25 dBm/MHz level (NS04):
· CP-OFDM and DFT-s-OFDM requires a similar back-off and should use the same A-MPR values
· IMD3/5/7 should be considered for A-MPR
· Only IMD5 and 7 are covered by non-contiguous outer 2 MPR
· IMD3 shows >12 dB back-off with A-MPR needing extra margin to cover all implementations
· IMD5 shows >6 dB back-off with A-MPR needing extra margin to cover all implementations
· Furthermore, class D should have at least the same A-MPR than class B and absorb the benefits from higher SCS to compensate for BW issues.

Observations for 1RB+1RB at -40 dBm/MHz level (NS27):
· CP-OFDM and DFT-s-OFDM requires a similar back-off and should use the same A-MPR values
· No MPR can cover the back-off required, even for IMD7 shows > 8 dB back-off, thus for large aggregated bandwidth the entire band n48 might be affected
· IMD5 shows >12 dB back-off 
· IMD3 shows ~20 dB back-off
· Extra margin to cover all implementations and class D should be studied for IMD3/5/7 NS-27 A-MPR

Proposal 3 on A-MPR:
· Non-contiguous outer 1 and 2 MPR covers for IMD3/5/7 -13dBm/MHz limits A-MPR
· -13dBm/MHz limits should consider IMD7 for non-contiguous inner allocations A-MPR
· NS04 -25dBm/MHz and NS27 -40dBm/MHz limits should consider IMD3/5/7 for non-contiguous inner and outer allocations A-MPR
· For NS04 -25dBm/MHz only outer 2 MPR can cover for IMD5/7 cases
· Extra margin to cover all implementations and class D should be studied for large back-offs reported in this contribution
· Contiguous allocation A-MPR is FFS
Conclusions
In this contribution, we present our measurement results for FR1 NR intra-band contiguous class B and class C UL CA power back-off needed to meet ACLR, SEM and spurious emissions to derive the MPR proposal below. Also, worst-case A-MPR cases have been evaluated for NS04 and NS27. The proposed MPR uses the allocation definitions from [3].

Proposal 1: MPR should be derived from waveforms using uncorrelated data for each CC.

Proposal 2 on MPR values for QPSK:
Table 2: Proposed PC3 MPR values for QPSK modulation
	UL CA
BW class
	Modulation
	MPR for contiguous allocations (dB)
	MPR for non-contiguous allocations (dB)

	
	
	Inner RB allocations
	Outer RB allocations
	Inner RB allocations
	Outer1 RB allocations
	Outer2 RB allocations

	B 
≤ 100MHz
	DFT-s-OFDM QPSK
	≤ 1.5
	≤ 4
	≤ 2
	≤ 61
	≤ 91

	
	CP-OFDM QPSK
	≤ 2
	≤ 5.5
	≤ 2.5
	≤ 61
	≤ 91

	C 
≤ 200MHz
	DFT-s-OFDM QPSK
	≤ 2.5
	≤ 5
	≤ 2.5
	≤ 71
	≤ 101

	
	CP-OFDM QPSK
	≤ 3
	≤ 6.5
	≤ 3
	≤ 71
	≤ 101

	NOTE 1: MPR is relaxed by 3dB for aggregated allocation bandwidths > 10MHz



Proposal 3 on A-MPR:
· Non-contiguous outer 1 and 2 MPR covers for IMD3/5/7 -13dBm/MHz limits A-MPR
· -13dBm/MHz limits should consider IMD7 for non-contiguous inner allocations A-MPR
· NS04 -25dBm/MHz and NS27 -40dBm/MHz limits should consider IMD3/5/7 for non-contiguous inner and outer allocations A-MPR
· For NS04 -25dBm/MHz only outer 2 MPR can cover for IMD5/7 cases
· Extra margin to cover all implementations and class D should be studied for large back-offs reported in this contribution
· Contiguous allocation A-MPR is FFS
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