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Introduction
In RAN4#95 e-meeting, a way forward [2] has set the work to be covered to finalize MPR and A-MPR for Release 16 Non-contiguous UL CA, the A-MPR cases are based on way forward [1] about the spectrum cases to be supported. In [3], we have shown that that EN_DC MPR cannot be used as is and new measurements are needed. In this contribution we provide our measurements results and proposals to finalize PC3 non-contiguous NR UL CA MPR and A-MPR.
Discussion
MPR and A-MPR measurement setup
In order to support the different bandwidth separation classes, we made 2PA measurement in band n77 using our tunable output coupling specific 2 PA setup and following the agreed assumptions in [1]:
· Based on 2x23dBm PAs
· Antenna isolation is 10dB
· Each PA calibrated for 30dBc ACLR at 22dBm with 20MHz 100RB0 DFT-s-OFDM QPSK waveform
· Since same MPR is targeted CP-OFDM is used in each carrier
· We measured both CP-OFDM and DFT-s-OFDM QPSK waveforms
· Equal PSD and Equal back-off power split
· Worst case back-off IMD3 at -13dBm/MHz and -30dBm/MHz for 1RB+1RB at 15kHz and 30kHz SCS 
· We also studied -25dBm/MHz IMD3 for NS_04 and -40dBm/MHz for NS_27 (and potential developments in C-band)
· 1RB+1RB separation of ~100, 200, 600MHz to cover variation across BW separation classes
· Other allocations sizes are recommended but the MPR vs allocation BW behavior from ENDC MPR can also be reused 
· We looked at multiple aggregated allocation bandwidths to cover the full A-MPR curve segments agreed in [1]
· Both IMD3 and IMD5 were measured together with SEM and ACLR
· Both APT and ET operating points were used

To cover the different bandwidth classes and channel allocation scenarios we measured 3 cases: 
· 20MHz channel 15kHz SCS and 40MHz channel 15kHz SCS with a gap of 20MHz (100MHz class and in gap ACLR)
· 40MHz channel 15kHz SCS and 40MHz channel 15kHz SCS with a gap of 120MHz (200MHz class)
· 100MHz channel 30kHz SCS and 40MHz channel 30kHz SCS with a gap of 400MHz (200MHz class)

In Table 1 there is the list of the different waveforms that have been tested, resulting in a few thousands measurement results.

	Channel allocation/waveform/BW class (SCS) /RB allocation

	N020G020N040
	N040G120N040
	N100G400N100
	N020G020N040
	N040G120N040
	N100G400N100

	DFT-s-OFDM
	CP-OFDM

	100MHz (15kHz)
	200MHz (15kHz)
	600MHz (30kHz)
	100MHz (15kHz)
	200MHz (15kHz)
	600MHz (30kHz)

	100R000_216R000
	216R000_216R000
	270R000_270R003
	106R000_216R000
	216R000_216R000
	273R000_273R000

	100R000_150R066
	150R000_150R066
	250R000_250R023
	106R000_150R066
	150R000_150R066
	250R000_250R023

	100R000_100R116
	100R000_100R116
	200R000_200R073
	100R000_100R116
	100R000_100R116
	200R000_200R073

	072R000_050R166
	072R000_050R166
	150R000_150R123
	072R000_050R166
	072R000_050R166
	150R000_150R123

	060R000_060R156
	060R000_060R156
	100R000_100R173
	061R000_061R157
	061R000_061R157
	100R000_100R173

	032R000_060R156
	032R000_060R156
	050R000_050R223
	060R000_060R156
	060R000_060R156
	050R000_050R223

	032R000_032R184
	032R000_032R184
	036R000_025R248
	046R000_046R170
	046R000_046R170
	036R000_025R248

	024R000_032R184
	024R000_032R184
	030R000_030R243
	032R000_060R156
	032R000_060R156
	031R000_030R243

	018R000_018R198
	018R000_018R198
	016R000_030R243
	032R000_032R184
	032R000_032R184
	030R000_030R243

	015R000_015R201
	015R000_015R201
	016R000_016R257
	028R000_028R188
	028R000_028R188
	023R000_023R250

	012R000_018R198
	012R000_018R198
	012R000_016R257
	024R000_032R184
	024R000_032R184
	016R000_030R243

	012R000_016R200
	012R000_016R200
	009R000_009R264
	018R000_018R198
	018R000_018R198
	016R000_016R257

	012R000_012R204
	012R000_012R204
	006R000_009R264
	015R000_015R201
	015R000_015R201
	014R000_014R259

	009R000_009R207
	009R000_009R207
	006R000_008R265
	014R000_016R200
	014R000_016R200
	012R000_016R257

	008R000_008R208
	008R000_008R208
	006R000_006R267
	014R000_014R202
	014R000_014R202
	009R000_009R264

	006R000_012R204
	006R000_012R204
	004R000_005R268
	012R000_018R198
	012R000_018R198
	007R000_008R265

	006R000_006R210
	006R000_006R210
	004R000_004R269
	012R000_016R200
	012R000_016R200
	007R000_007R266

	004R000_008R208
	004R000_008R208
	003R000_006R267
	012R000_012R204
	012R000_012R204
	006R000_009R264

	004R000_004R212
	004R000_004R212
	003R000_003R270
	009R000_009R207
	009R000_009R207
	006R000_008R265

	003R000_003R213
	003R000_003R213
	002R000_002R271
	008R000_008R208
	008R000_008R208
	006R000_006R267

	002R000_004R212
	002R000_004R212
	001R272_001R000
	006R000_012R204
	006R000_012R204
	004R000_005R268

	002R000_002R214
	002R000_002R214
	001R000_002R271
	006R000_006R210
	006R000_006R210
	004R000_004R269

	001R000_002R214
	001R215_001R000
	001R000_001R272
	004R000_008R208
	004R000_008R208
	003R000_006R267

	001R000_001R215
	001R000_002R214
	 
	004R000_004R212
	004R000_004R212
	003R000_003R270

	 
	001R000_001R215
	 
	003R000_003R213
	003R000_003R213
	002R000_002R271

	 
	 
	 
	002R000_004R212
	002R000_004R212
	001R272_001R000

	 
	 
	 
	002R000_002R214
	002R000_002R214
	001R000_002R271

	 
	 
	 
	001R105_001R000
	001R215_001R000
	001R000_001R272

	 
	 
	 
	001R000_002R214
	001R000_002R214
	 

	 
	 
	 
	001R000_001R215
	001R000_001R215
	 



To gauge the problem of IMD3 level for MPR and AMPR, the worst case is for the 1RB+1Rb case. In Figure 1, the IMD3 level for this case is plotted vs output power for the APT case.
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Figure 1: IMD3 level vs Pout for 1RB + 1 RB for 100, 200 and 600 MHZ bandwidth classes
Observation: 
· The worst case is for 100 MHz class where the two PAs see very close in interference thus less selectivity
· The 600MHz has very asymmetric IMD3 as the interference is 600MHz away and IMD3 falls 600MHz away from the PA operating frequency thus showing high selectivity
· In all cases the -13dBm/MHz level is not reached but this needs to be verified for the ET biasing as it is operates in a more saturated region.
PC3 MPR for 100, 200 and 600 MHz Separation Bandwidth Classes
For the MPR analysis, the different curves are traced with a tentative A-MPR curve using the agreed frequency points for the -30dBm/MHz case, even in the ET case there are no IMD3 reaching -13dBm/MHz: 
· The blue ticks are for the ET case and green ticks are for the APT case
· Triangles are for the 100 MHz bandwidth class
· Dots are for the 200 MHz bandwidth class
· Squares are for the 600 MHz bandwidth class
· The stepped line is the tentative A-MPR curve based on -30dBm/MHz ENDC NS_04 template
· Figure 2 is plotting required back-off versus total RB bandwidth for CP-OFDM for full bandwidth on the left and 36MHz zoom on the right 
· Figure 3 is plotting required back-off versus total RB bandwidth for CP-OFDM for full bandwidth on the left and 36MHz zoom on the right 
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Figure 2: Back-off vs RB BW for CP-OFDM cases
[image: ][image: ]
Figure 3: Back-off vs RB BW for DFT-s-OFDM cases
Observation: 
· The worst case is for 100 MHz class and ET biasing as is anticipated from a closer coupling and a more saturated PA
· CP-OFDM case is about 0.5dB to 1dB higher as expected from a higher PAPR
· Compared to ENDC AMPR levels beyond the 3dB lower value due to the A-MPR reference, the A-MPR is further reduced thanks to PC3 requirement instead of PC2. Since the two PAs are PC3 capable in the worst cases they share the power equally and thus have an inherent 3dB back-off.
· ACLR region is covered with a 4dB back-off but could be further reduced beyond 70MHz of aggregated RB bandwidth

Although it was discussed to have both a -13dBm/MHz and a -30dBm/MHz curve, the first one is not needed as it is basically covered by single CC MPR but when IMD3 fall in the -13dBm/MHz region, which is the case where the gap is small, single CC MPR can be used.
Similarly the difference between CP-OFDM and DFT-s-OFDM is small and, in the scope of Release 16, a single MPR is fine.
The A-MPR could be optimized for the larger bandwidth class but even in this class, there may be configurations where the distance between the two carriers is small. A single MPR can be used for all 3 classes.
Finally the A-MPR curves should enable ET implementation of each PA and thus drive the MPR curve values.
Proposal for MPR: 
· Only -30dBm/MHz curve is specified when IMD3 falls into a -30 or -25 dBm/MHz region , 
· For RB bandwidths < 10MHz, if IMD3 falls in the -10 or -13 dBm/MHz region single CC MPR can be used
· For ACLR cases, a floor at 4dB back-off is used
· The proposed MPR curve coefficients versus total RB bandwidth are:
-30dBm/MHz MPRCA_IM3 = 	8; 0 ≤B<1.08
															7.5; 1.08 ≤B<2.16
															7; 2.16 ≤B<3.24
															6.5; 3.24 ≤ B < 5.04
															6; 5.04  ≤B< 10.08
															5; 10.08  ≤B< 16.56
															4.5; 16.56 ≤ B < 21.96
															4; 21.96 ≤B
PC3 A-MPR for NS_04 and NS_27
Being the two most stringent A-MPR requirements, we also evaluated NS_04 and NS_27 cases:
· NS_04 at -25dBm/MHz (close OOB but also for spurious emissions (-30dBm/MHz not valid)
· NS_27 at -40dBm/MHz (close OOB)
NS04 A-MPR
The following figures use the same nomenclature than for MPR
· Figure 4 is plotting required back-off versus total RB bandwidth for CP-OFDM for full bandwidth on the left and 36MHz zoom on the right 
· Figure 5 is plotting required back-off versus total RB bandwidth for CP-OFDM for full bandwidth on the left and 36MHz zoom on the right 
· 
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Figure 4: NS04 Back-off vs RB BW for CP-OFDM cases
[image: ][image: ]
Figure 5: NS04 Back-off vs RB BW for DFT-s-OFDM cases
With the -25dBm/MHz level A-MPR is smaller than MPR and a single curve for DFT-s-OFDM, CP-OFDM and all bandwidth class is proposed:
Proposed NS04 A-MPR curve:
· The proposed A-MPR curve coefficients versus total RB bandwidth are:
-25dBm/MHz A-MPRCA_IM3 = 	7; 0 ≤B<1.08
																6.5; 1.08 ≤B<2.16
																6; 2.16 ≤B<3.24
																5.5; 3.24 ≤ B < 5.04
																5; 5.04  ≤B< 10.08
																4; 10.08  ≤B< 16.56
																3.5; 16.56 ≤ B < 21.96
																3; 21.96 ≤B
NS27 A-MPR
The following figures use the same nomenclature than for MPR
· Figure 4 is plotting required back-off versus total RB bandwidth for CP-OFDM for full bandwidth on the left and 36MHz zoom on the right 
· Figure 5 is plotting required back-off versus total RB bandwidth for CP-OFDM for full bandwidth on the left and 36MHz zoom on the right 
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Figure 6: NS27 Back-off vs RB BW for CP-OFDM cases
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Figure 7: NS27 Back-off vs RB BW for DFT-s-OFDM cases
With the -40dBm/MHz level A-MPR is significantly larger than MPR and a single curve for DFT-s-OFDM, CP-OFDM and all bandwidth class is proposed:
Proposed NS27 A-MPR curve:
· The proposed A-MPR curve coefficients versus total RB bandwidth are:
-40dBm/MHz A-MPRCA_IM3 = 	10.5; 0 ≤B<1.08
																10; 1.08 ≤B<2.16
																9.5; 2.16 ≤B<3.24
																9; 3.24 ≤ B < 5.04
																8.5; 5.04  ≤B< 10.08
																7.5; 10.08  ≤B< 16.56
																7; 16.56 ≤ B < 21.96
																6.5; 21.96 ≤B
· For closer OOB range at -25dBm/MHz, NS04 curve can be used. 
Other Bands Protection for n77(2A)
Using the current spectrum allocation in Japan:
· The lower IMD5 products can fall in bands n40, n41, n7 or n38. With the IMD5 levels measured at max power there is no anticipated issue with band n41 band protection. IMD3 may just above n41.
· The higher IMD3 and IMD5 products can fall in n77, n79 and radio altimeter band
· Band n77 is synchronous so it should be OK
· Band n79 is asynchronous only with n78 then IMD5 is below n79 but still in radio altimeter
· With 2.UL in n77 the 100MHz guard band is no longer sufficient and exclusion areas may be need for 2 UL operation.
On PA 2A UL CA Options
Within Release 16 it was not possible to progress the 1 PA option for 100 MHz and 200 MHz cases. These cases cover all the bands below 3.3GHz and the 1 PA effort should be pursued in next release to allow lower cost options, low band cases where antenna coupling is an issue and enable combined UL CA and UL MIMO.
Conclusions
In this contribution, we provided IMD measurements for the all the two PA non-contiguous UL CA cases and made the following MPR and A-MPR curves proposals.

Proposal for MPR: 
· Only -30dBm/MHz curve is specified when IMD3 falls into a -30 or -25 dBm/MHz region , 
· For RB bandwidths < 10MHz, if IMD3 falls in the -10 or -13 dBm/MHz region single CC MPR can be used
· For ACLR cases, a floor at 4dB back-off is used
· The proposed MPR curve coefficients versus total RB bandwidth are:
-30dBm/MHz MPRCA_IM3 = 	8; 0 ≤B<1.08
															7.5; 1.08 ≤B<2.16
															7; 2.16 ≤B<3.24
															6.5; 3.24 ≤ B < 5.04
															6; 5.04  ≤B< 10.08
															5; 10.08  ≤B< 16.56
															4.5; 16.56 ≤ B < 21.96
															4; 21.96 ≤B

Proposed NS04 A-MPR curve:
· The proposed A-MPR curve coefficients versus total RB bandwidth are:
-25dBm/MHz A-MPRCA_IM3 = 	7; 0 ≤B<1.08
																6.5; 1.08 ≤B<2.16
																6; 2.16 ≤B<3.24
																5.5; 3.24 ≤ B < 5.04
																5; 5.04  ≤B< 10.08
[bookmark: _GoBack]																4; 10.08  ≤B< 16.56
																3.5; 16.56 ≤ B < 21.96
3; 21.96 ≤B

Proposed NS27 A-MPR curve:
· The proposed A-MPR curve coefficients versus total RB bandwidth are:
-40dBm/MHz A-MPRCA_IM3 = 	10.5; 0 ≤B<1.08
																10; 1.08 ≤B<2.16
																9.5; 2.16 ≤B<3.24
																9; 3.24 ≤ B < 5.04
																8.5; 5.04  ≤B< 10.08
																7.5; 10.08  ≤B< 16.56
																7; 16.56 ≤ B < 21.96
																6.5; 21.96 ≤B
· For closer OOB range at -25dBm/MHz, NS04 curve can be used. 
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