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Introduction
In this contribution, we are submitting MPR requirements for FR2 compiled from measured and simulated data over various Aggregated BW’s for CA operation. We will present CA MPR for both contiguous RB allocation and non-contiguous RB allocation.
Discussion
Simulation and Measurement requirements
Not yet approved for CA
Below are the measurement and simulation assumptions.
For contiguous RB allocation, only full allocation was tested. More thorough investigation for all RB allocations will be completed later.
· EVM requirement: table 6.4.2.1.1-1 [4]. 
· EVM is measured per CC, using the aggregated signal to allow spectral regrowth of 1CC to affect adjacent CC.
	
Parameter
	Unit
	Average EVM Level (%)

	Pi/2 BPSK 
	%
	30

	Pi/2 BPSK with pulse shaping
	%
	30

	QPSK 
	%
	[17.5]

	16 QAM 
	%
	[12.5]

	64 QAM 
	%
	8



· IBE requirement:
· IBE was not used or measured at this time under the assumption that EVM will dominate for CA with multiple CC’s for full allocation contiguous RB allocation test and for the non-contiguous RB allocation test.
· This assumption will need to be verified and results will need to be updated if required later.
· SEM CA requirement (assumed):  table 6.5.2.1.1-1 in [4] was modified [5], where ΔfOOB is up to 200% of aggregated channel BW away from +/- aggregated channel edge.
· SEM mask for CA was derived as an extension for single CC case, and replacing the channel bandwidth with the aggregated BW. 
	ΔfOOB
(MHz)
	100
MHz
	200
MHz
	400
MHz
	600
MHz
	800
MHz
	Measurement bandwidth

	 0-5
	-5
	-5
	-5
	-5
	-5
	1 MHz 

	 5-10
	-5
	-5
	-5 
	-5 
	-5 
	1 MHz

	 10-20
	-13
	-5
	-5 
	-5 
	-5 
	1 MHz

	 20-40
	-13
	-13
	-5
	-5
	-5
	1 MHz

	 40-60
	-13
	-13
	-13
	-5
	-5
	1 MHz

	 60-80
	-13
	-13
	-13
	-13
	-5
	1 MHz

	 80-100
	-13
	-13
	-13
	-13
	-13
	1 MHz

	 100-200
	-13
	-13 
	-13 
	-13 
	-13 
	1 MHz

	 200-400
	
	-13 
	-13 
	-13 
	-13 
	1 MHz

	 400-600
	
	
	-13 
	-13 
	-13 
	1 MHz

	 600-1200
	
	
	
	-13
	-13
	1 MHz

	 1200-1600
	
	
	
	
	-13
	1 MHz



· ACLR = 17dBc 
· ACLR was not a limiting factor in the simulations and measurements.
·  Measurement BW was Aggregated Channel BW – 2* the minimum guardband of CC, where the Channel BW is the aggregated BW. The offset frequency was the aggregated channel BW.
· Only identical CC’s were used for simulation and measurement.
· The maximum transmission BW configuration NRB:  Table 5.3.2-1 in [4]
	SCS (kHz)
	50MHz
	100MHz
	200MHz
	400 MHz

	
	NRB
	NRB
	NRB
	NRB

	60
	66
	132
	264
	N.A

	120
	32
	66
	132
	264



· The minimum guardband in KHz is from table 5.3.3-1 [4].
	SCS (kHz)
	50MHz
	100MHz
	200MHz
	400 MHz

	60
	1210
	2450
	4930
	N.A

	120
	1900
	2420
	4900
	9860



Contiguous RB Allocation
In previous contribution [1], we outlined the MPR requirements for FR2 based on simulations regardless of BW for 1CC. Simulations showed that MPR was for the most part independent of RB configuration due to relaxed ACLR requirement. Furthermore, the power limitation was predominantly driven by IBE/EVM requirements for most waveforms. In another previous contribution [2], we outlined the need to provide BW dependant MPR for FR2. Finally, in Athens, MPR for single CC was approved [3]. 
In this contribution we analyse the MPR required for FR2 CA Power class for both non-contiguous and contiguous RB allocations. 
First, for contiguous RB allocations, we see that for CA operation with aggregated BW <=200MHz and for aggregated BW> 200MHz and <= 400MHz, we can use the same MPR table agreed in [3]. This is shown in the first 2 columns. We cited the need for MPR at wider BW’s due to excessive droop at band edges. For CA, MPR is due to EVM degradation due to higher PAPR with multiple CC’s. Figure 1 shows the measured EVM degradation Vs number of CC’s used in CA operation. As shown in Figure 1, 1CC requires 0dB MPR, 2CC’s require 1.3dB MPR, 4-6CC’s require 2.8dB MPR, and 8CC’s require almost 4dB MPR.

Based on our measured data and analysis, we would like to extend the table with one more column for wider BW’s >400MHz.
Therefore, we propose an additional column for CA FR2 MPR.
Observation 1: MPR increases as number of CC’s increase when increasing the BW due to EVM degradation.
Proposal 1: Use the PA Calibration reference waveform for MPR0 as in the single CC case.
Proposal 2: We can use the same MPR table format as single CC for CA MPR, replacing single CC BW with aggregated CA BW and with additional column for CA aggregated BW >600MHz.
Table 1: Maximum Power Reduction (MPR) for CA FR2 Power Class
Contiguous Allocations
	Modulation
	MPR (dB)

	
	ABW<=200MHz
	ABW>200MHz, <=600MHz 
	ABW>600MHz, <=800MHz

	DFT-s-OFDM- pi/2 BPSK
	[TBD]*
	[TBD]*
	[TBD]*

	DFT-s-OFDM -QPSK
	≤ 1.5
	≤ 3.0
	≤ 4.5

	DFT-s-OFDM -16 QAM
	≤ 2.5
	≤ 4.0
	≤ 5.5

	DFT-s-OFDM -64 QAM
	≤ 4.5
	≤ 6.0
	≤ 7.5

	CP OFDM-QPSK
	≤ 3.5
	≤ 5.0
	≤ 6.5

	CP OFDM-16 QAM
	≤ 4.5
	≤ 6.0
	≤ 7.5

	CP OFDM-64 QAM
	≤ 7.0
	≤ 8.5
	≤ 10



*UE requirements for the waveform defined by BW = 100MHz, SCS=60KHz, DFT-S-OFDM Pi/2 BPSK, 128RB0 shall be set to [-2 to 0] dB MPR 
BW = 100MHz, SCS=60KHz, DFT-S-OFDM QPSK, 128RB0 is the reference waveform with 0dB MPR and is used for the power class definition
Non-Contiguous RB Allocation
When Non-contiguous RB allocations arise in >=2 contiguous CC’s, IMD and Triple beat products are formed requiring power back-off to meet general SEM mask requirement of -13dBm/MHz as shown in section 2.1
As in 4G LTE and 5G FR1, we can derive MPR based on an allocation ratio, A, which is simply the ratio of the RB_on/RB_total. In FR2, anywhere from 2CC’s to 8CC’s are used. The worst-case scenarios are when you have 2CC’s and 3CC’s where IMD and Triple Beat products respectively are formed in the general spurious emission region within the FOOB boundary. See Figure 2 for illustration. MPR values were derived from simulation data where results are bounded by the mask shown in Figure 3, which is the example for DTF-s-OFDM for aggregated CA BW < 400 MHz.. 
Observation 2: Peak MPR in non-contiguous RB allocation due to low RB allocation ratio is independent of BW and waveform type due to SEM limitation.
Observation 3: MPR due to high allocation ratio approaches MPR due to contiguous allocation. Values in Table 3 due to large A will approach the values in Table 1, due to EVM limitation.
Proposal 3: Use format in Table 2 for non-contiguous RB allocation CA FR2 MPR with columns for bandwidth and rows for waveform type and each entry will have a mask as shown in Figure 3.

Figure 3: Simulated results and mask generation (example shown is for DFT-s-OFDM QPSK, 16QAM, 64QAM)







Table 2: Maximum Power Reduction (MPR) for CA FR2 Power Class
Non- Contiguous Allocations
	Modulation
	MPR (dB)

	
	<=200MHz
	>200MHz, <=600MHz 
	>600MHz, <=800MHz

	DFT-s-OFDM- pi/2 BPSK
	[TBD]*
	[TBD]*
	[TBD]*

	DFT-s-OFDM -QPSK
	 6.5, 0<A<0.02
	 6.5, 0<A<0.02
	 6.5, 0<A<0.02

	
	6.929-21.43A, .02<A<.16
	6.929-21.43A, .02<A<.16
	6.786-14.29A, .02<A<.16

	
	4.567-6.667A, .16<A<.31
	4.033-3.333A, .16<A<.31
	4.5, A>.16

	
	3.976-4.762A, .31<A<.52
	3.0, A>.31
	 

	
	1.5, A>.52
	 
	 

	DFT-s-OFDM -16 QAM
	 6.5, 0<A<0.02
	 6.5, 0<A<0.02
	 6.5, 0<A<0.02

	
	6.929-21.43A, .02<A<.16
	6.857-17.86A, .02<A<.16
	6.786-14.29A, .02<A<.16

	
	4.567-6.667A, .16<A<.31
	4.0, A>.16
	4.5, A>.16

	
	2.5, A>.31
	 
	 

	DFT-s-OFDM -64 QAM
	 6.5, 0<A<0.02
	 6.5, 0<A<0.02
	 6.5, 0<A<0.02

	
	6.786-14.29A, .02<A<.16
	6.571-3.571A, .02<A<.16
	6.571-3.571A, .02<A<.16

	
	4.5, A>.16
	6.0, A>.16
	6.0, A>.16

	CP OFDM-QPSK
	 6.5, 0<A<0.02
	 6.5, 0<A<0.02
	 6.5, 0<A<0.02

	
	6.929-21.43A, .02<A<.16
	6.714-10.71A, .02<A<.16
	6.714-10.71A, .02<A<.16

	
	3.5, A>.16
	5.0, A>.16
	5.0, A>.16

	CP OFDM-16 QAM
	 6.5, 0<A<0.02
	 6.5, 0<A<0.02
	 6.5, 0<A<0.02

	
	6.786-14.29A, .02<A<.16
	6.571-3.571A, .02<A<.16
	6.571-3.571A, .02<A<.16

	
	4.5, A>.16
	6.0, A>.16
	6.0, A>.16

	CP OFDM-64 QAM
	 7.0, A>0
	 8.5, A>0
	 8.5, A>0

	
	
	
	

	
	
	
	


BW = 100MHz, SCS=60KHz, DFT-S-OFDM QPSK, 128RB0 is the reference waveform with 0dB MPR and is used for the power class definition

Conclusion
We presented CA FR2 MPR with reasonable assumptions for measurement and simulations discussed in section 2.1.
MPR values need to be revisited and finalized once the CA FR2 EVM, IBE, SEM, and ACLR is agreed.
We summarize the following observations and proposals:
Observation 1: MPR increases as number of CC’s increase when increasing the BW due to EVM degradation.
Proposal 1: Use the PA Calibration reference waveform for MPR0 as in the single CC case.
Proposal 2: We can use the same MPR table format as single CC for CA MPR, replacing single CC BW with aggregated CA BW and with additional column for CA aggregated BW >600MHz.
Observation 2: Peak MPR in non-contiguous RB allocation due to low RB allocation ratio is independent of BW and waveform type due to SEM limitation.
Observation 3: MPR due to high allocation ratio approaches MPR due to contiguous allocation. Values in Table 3 due to large A will approach the values in Table 1, due to EVM limitation.
[bookmark: _GoBack]Proposal 3: Use format in Table 2 for non-contiguous RB allocation CA FR2 MPR with columns for bandwidth and rows for waveform type and each entry will have a mask as shown in Figure 3.
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Appendix: 
Measured CA FR2 MPR Vs CCBW (1CC=100MHz DFT-s-OFDM QPSK)

1cc	-9.5620546083448126	-6.8020546083448128	-4.2620546083448119	-1.042054608344813	-0.162054608344814	-29.886037272425654	-29.539361404729053	-25.936889393639483	-17.919839715166241	-15.53852598220573	2cc	-9.6020546083448135	-6.8620546083448133	-4.4720546083448127	-1.5020546083448139	-0.61205460834481329	-28.91	-27.17	-23.71	-15.62	-12.84	4cc	-9.6320546083448129	-6.9220546083448138	-4.6420546083448126	-1.5220546083448134	-0.53205460834481322	-26.782500000000002	-25.42	-20.664999999999999	-12.954999999999998	-10.355	6cc	-9.7820546083448132	-7.042054608344813	-4.7620546083448136	-1.6420546083448126	-0.61205460834481329	-26.037527495958798	-24.282386620473115	-20.010943254126882	-12.265466052259518	-9.6919358419904302	8cc	-9.922054608344812	-7.1520546083448124	-4.8520546083448135	-1.6820546083448136	-0.67205460834481379	-24.920973054001227	-23.652044972562717	-17.370101267913139	-10.834274129031522	-9.0246532069293472	Power Relative to MPR0, dB


EVM




DFT-s-OFDM Non-Contig Allocation MPR for CBW <=200M

QPSK	1.5151515151515152E-2	0.15909090909090909	0.31060606060606061	0.52272727272727271	0.93181818181818177	6.5	3.5	2.5	1.5	1.5	16-QAM	1.5151515151515152E-2	0.15909090909090909	0.31060606060606061	0.52272727272727271	0.93181818181818177	6.5	3.5	2.5	2.5	2.5	64-QAM	1.5151515151515152E-2	0.15909090909090909	0.31060606060606061	0.52272727272727271	0.93181818181818177	6.5	4.5	4.5	4.5	4.5	A, Allocation Ratio = RBon/RBtotal


mPR, dB




