[bookmark: _Ref399006623][bookmark: _Toc92513360]3GPP TSG-RAN WG4 Meeting # 99-e	R4-2109965
Electronic Meeting, 19th – 27th May, 2021

Source: 	LG Electronics
Title: 	MPR results for NR PC2 intra-band non-contiguous CA UE according to RF architecture
Agenda Item:	9.3.2.5
Document for:	Approval
Introduction
In the RAN4#98BIS e-meeting, a way forward on simulation assumptions [1] for PC2 non-contiguous UL CA MPR/A-MPR was approved as follow.

	RF architectures under discussion and MPR assumptions for intra-band UL NC CA are summarized as below
	PC2 non-contiguous UL CA architecture options and MPR assumption

	Arch
	description
	MPR evaluation assumption

	#1
	2x26dBm PA + 2LO 
with 100MHz BW
	· PA calibration for 20MHz QPSK DFT-s-OFDM 100RB0 waveform based on 4dB post PA losses and 1dB MPR:
· 26dBm/antenna: 29dBm at 31dB ACLR
· 23dBm/antenna: 26dBm at 30dB ACLR
· Equal PSD and Equal back-off power split
· For 2PA architecture, 10dB antenna isolation is assumed
· For 2PA architecture, Emission requirements are checked by summing the power of the two transmit paths
· Waveform: both CP-OFDM and DFT-s-OFDM can be evaluated
· CBW configuration:
· 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 100MHz channel 30kHz SCS with a gap of 400MHz (600MHz class for n77(2A)) 
· RB allocation:
· Worst case back-off  IMD3 at -13dBm/MHz and -30dBm/MHz for 1RB+1RB at 15kHz and 30kHz SCS for MPR with 31dBc ACLR
· The RB locations adopt for MPR evaluation in [2][8][9] can be referenced. 

	#2
	1x26dBm PA + 1LO 
with 200MHz BW
	

	#3
	2x23dBm PA + 1LO 
with 200MHz BW
	

	#4
	1x23dBm+1x26dBm + 2LO with 100MHz BW
	



· Companies to provide more MPR values to decide on the net power gain of PC2 in comparison with PC3
· If some architecture is beneficial in supporting UL MIMO, the same or different set of requirements can be considered
· To further check if in-gap exceptions (for both PC3 and PC2) required by some architectures are allowed by regulations
· Open issues
· Issue 1: PA swap time for 1x23dBm+1x26dBm + 2LO with 100MHz BW 
· Proposals
· Option 1: define new swap time specifically for this architecture
· Option 2: swap time is 0us
· Option 3: 0us or 35us or 140us
· Issue 2: For 1x26dBm PA + 1LO with 200MHz BW and 2x23dBm PA + 1LO with 200MHz BW, how to handle in-gap requirement when LO or image fall inside?
· Proposals
· Option 1: Reuse in-gap exception under some conditions(e.g. Sync) as defined for PC3
· Option 2: use MPR to meet in-gap emission requirement
· Option 3: other 
· Agreement: 
· Based on architecture #4, companies are encouraged to provide analysis on PA swap time UE can reach, and the impact of the swap time is evaluated on the remaining benefit versus PC3 for the different proposed swap time for PC2 intra-band UL NC CA.
· Based on architecture #2 and #3, RAN4 to further check on in-gap requirements.



In this contribution, we provide initial MPR simulations results and expected swap time for PC2 intra-band UL non-contiguous CA UE.
Discussion
The UE architecture perspective, the #4 RF architecture with 1x23dBm+1x26dBm PAs can support UL non-contiguous CA with the separate class III as shown in Table 5.3A.5.2 in TS38.101-1.

Table 5.3A.5-2: NR intra-band non-contiguous UL CA frequency separation classes
	[bookmark: OLE_LINK36]NR NC UL CA frequency separation class
	Maximum allowed frequency separation

	I
	100 MHz

	II
	200 MHz

	III
	 [600MHz]



The #4 architecture also support UL-MIMO in single carrier compare to architecture #2 and #3. Furthermore the required MPR level is less than 2x23dBm PA architecture based on our simulation results. The MPR results for 26dBm PA in [2] is quite optimistic, RAN4 need to consider low cost UE to derive the MPR for PC2 intra-band CA UE. So the common 26dBm PA is baseline to derive MPR requirements for PC2 intra-band NC-CA UE.

Observation1: The #4 RF architecture with 1x23dBm+1x26dBm PAs can support UL non-contiguous CA with the separate class III. Also support UL-MIMO in single carrier compare to architecture #2 and #3.

MPR results for #4 (1x23dBm +1x26dBm) PA architecture
Firstly, we measured the required MPR results for intra-band NR non-contiguous RB allocation for 2PA #4 RF architecture (23dBm +26dBm with 2LOs). The measured MPR results are provided in Table 1 and Table 2 as follow
Table 1: Measured MPR results (23dBm + 26dBm, 2LOs) with -30dBm/MHz based on waveforms, modulation order and RB allocations
	NR CC1
20 MHz
	NR CC2
40 MHz
	DFT-S-OFDM
	CP-OFDM
	B
(allocated RB portion in all aggregated CBW)

	SCS
	Allocated
RB
	SCS
	allocated
RB
	MPR

	MPR

	

	15KHz
	001R000
	15KHz
	001R215
	15.5
	15.5
	0.36

	15KHz
	002R104
	15KHz
	001R000
	15.0
	15.0
	0.54

	15KHz
	005R000
	15KHz
	001R215
	13.8
	14.3
	1.08

	15KHz
	008R000
	15KHz
	002R214
	12.7
	13.8
	1.80

	15KHz
	008R000
	15KHz
	003R213
	12.5
	13.8
	1.98

	15KHz
	010R000
	15KHz
	003R213
	12.3
	13.3
	2.34

	15KHz
	008R000
	15KHz
	007R209
	12.3
	13.1
	2.70

	15KHz
	015R091
	15KHz
	001R215
	12.0
	13.0
	2.88

	15KHz
	015R091
	15KHz
	004R000
	11.6
	12.2
	3.42

	15KHz
	015R091
	15KHz
	006R000
	10.2
	10.6
	3.78

	15KHz
	015R091
	15KHz
	010R000
	10.0
	10.3
	4.50

	15KHz
	015R000
	15KHz
	015R000
	9.5
	10.0
	5.40

	15KHz
	030R076
	15KHz
	002R000
	8.6
	9.0
	5.76

	15KHz
	020R000
	15KHz
	020R196
	8.6
	8.8
	7.20

	15KHz
	053R000
	15KHz
	001R215
	5.5
	6.0
	9.72

	15KHz
	045R061
	15KHz
	020R000
	5.0
	5.0
	11.70

	15KHz
	060R046
	15KHz
	020R000
	4.6
	4.7
	14.40

	15KHz
	090R016
	15KHz
	030R000
	5.2
	5.5
	21.60

	15KHz
	106R000
	15KHz
	050R000
	5.5
	5.9
	28.08

	15KHz
	053R000
	15KHz
	108R000
	5.3
	5.7
	28.98

	15kHz
	106R000
	15kHz
	150R000
	6.0
	6.5
	46.08

	15KHz
	106R000
	15KHz
	216R000
	5.5
	5.7
	57.96

	NR CC1
40 MHz
	NR CC2
40 MHz
	DFT-S-OFDM
	CP-OFDM
	B
(allocated RB portion in all aggregated CBW)

	SCS
	Allocated RB
	SCS
	Allocated
RB
	MPR

	MPR

	

	15KHz
	001R000
	15KHz
	001R215
	15.5
	15.5
	0.36

	15KHz
	001R000
	15KHz
	001R000
	15.0
	15.2
	0.36

	15KHz
	002R214
	15KHz
	001R000
	14.2
	14.7
	0.54

	15KHz
	005R000
	15KHz
	001R215
	14.0
	14.5
	1.08

	15KHz
	008R000
	15KHz
	002R214
	13.5
	13.8
	1.80

	15KHz
	008R000
	15KHz
	003R213
	13.0
	13.0
	1.98

	15KHz
	010R000
	15KHz
	003R213
	12.4
	12.6
	2.34

	15KHz
	015R201
	15KHz
	001R000
	11.9
	11.9
	2.88

	15KHz
	015R201
	15KHz
	004R000
	11.5
	11.8
	3.42

	15KHz
	015R201
	15KHz
	006R000
	11.2
	11.2
	3.78

	15KHz
	015R201
	15KHz
	010R000
	10.7
	10.8
	4.50

	15KHz
	015R000
	15KHz
	015R000
	10.0
	10.0
	5.40

	15KHz
	030R186
	15KHz
	002R000
	8.8
	9.0
	5.76

	15KHz
	020R000
	15KHz
	020R196
	8.8
	8.8
	7.20

	15KHz
	030R000
	15KHz
	024R192
	7.8
	8.0
	9.72

	15KHz
	045R171
	15KHz
	020R000
	5.5
	5.8
	11.70

	15KHz
	070R146
	15KHz
	030R000
	4.5
	4.5
	18.00

	15KHz
	108R000
	15KHz
	001R000
	4.4
	4.5
	19.62

	15KHz
	108R000
	15KHz
	108R000
	4.0
	4.0
	38.88

	15KHz
	150R066
	15KHz
	070R000
	3.0
	3.3
	39.60

	15KHz
	150R000
	15KHz
	150R066
	3.0
	3.0
	54.00

	15kHz
	216R000
	15kHz
	216R000
	3.0
	3.0
	77.76

	NR CC1
100 MHz
	NR CC2
100 MHz
	DFT-S-OFDM
	CP-OFDM
	B
(allocated RB portion in all aggregated CBW)

	SCS
	Allocated RB
	SCS
	Allocated
RB
	MPR

	MPR

	

	[bookmark: _GoBack]30KHz
	001R000
	30KHz
	001R272
	15.5
	15.5
	0.72

	30KHz
	001R000
	30KHz
	001R000
	15.2
	15.3
	0.72

	30KHz
	002R271
	30KHz
	001R000
	14.3
	14.7
	1.08

	30KHz
	005R000
	30KHz
	002R271
	13.2
	13.4
	2.52

	30KHz
	008R000
	30KHz
	003R270
	12.0
	12.0
	3.96

	30KHz
	010R000
	30KHz
	003R270
	10.5
	10.8
	4.68

	30KHz
	015R258
	30KHz
	001R000
	9.7
	10.0
	5.76

	30KHz
	015R258
	30KHz
	004R000
	9.0
	9.0
	6.84

	30KHz
	015R258
	30KHz
	006R000
	8.7
	8.7
	7.56

	30KHz
	015R258
	30KHz
	010R000
	7.4
	7.5
	9.00

	30KHz
	015R258
	30KHz
	013R000
	6.0
	6.4
	10.08

	30KHz
	015R000
	30KHz
	015R000
	5.8
	6.0
	10.80

	30KHz
	030R243
	30KHz
	002R000
	5.5
	5.5
	11.52

	30KHz
	020R253
	30KHz
	015R000
	5.3
	5.4
	12.60

	30KHz
	030R243
	30KHz
	008R000
	5.3
	5.3
	13.68

	30KHz
	020R000
	30KHz
	020R253
	4.8
	5.0
	14.40

	30KHz
	045R228
	30KHz
	020R000
	4.1
	4.2
	23.40

	30KHz
	100R173
	30KHz
	030R000
	3.0
	3.0
	46.80

	30KHz
	136R000
	30KHz
	001R000
	5.2
	5.2
	49.32

	30KHz
	160R113
	30KHz
	050R000
	2.5
	2.5
	75.60

	30KHz
	136R000
	30KHz
	136R000
	3.4
	3.7
	97.92

	30KHz
	220R053
	30KHz
	100R000
	2.5
	2.5
	115.20

	30KHz
	250R023
	30KHz
	150R000
	2.5
	2.5
	144.00

	30KHz
	273R000
	30KHz
	273R000
	2.5
	2.5
	196.56



Table 2: Measured MPR results (23dBm + 26dBm, 2LOs) with -13dBm/MHz based on waveforms, modulation order and RB allocations
	NR CC1
20 MHz
	NR CC2
40 MHz
	DFT-S-OFDM
	CP-OFDM
	B
(allocated RB portion in all aggregated CBW)

	SCS
	Allocated
RB
	SCS
	allocated
RB
	MPR

	MPR

	

	15KHz
	001R000
	15KHz
	001R000
	8.0
	8.5
	0.36

	15KHz
	002R104
	15KHz
	001R000
	8.0
	8.2
	0.54

	15KHz
	005R000
	15KHz
	001R215
	7.4
	7.5
	1.08

	15KHz
	008R098
	15KHz
	002R214
	5.0
	5.0
	1.80

	15KHz
	008R098
	15KHz
	003R213
	4.8
	4.9
	1.98

	15KHz
	010R096
	15KHz
	003R213
	4.4
	4.6
	2.34

	15KHz
	008R000
	15KHz
	007R209
	4.4
	4.5
	2.70

	15KHz
	015R091
	15KHz
	001R215
	4.2
	4.4
	2.88

	15KHz
	015R091
	15KHz
	004R000
	6.1
	6.2
	3.42

	15KHz
	015R091
	15KHz
	006R000
	5.0
	5.3
	3.78

	15KHz
	015R091
	15KHz
	010R000
	4.4
	4.5
	4.50

	15KHz
	015R000
	15KHz
	015R000
	4.2
	4.3
	5.40

	15KHz
	030R076
	15KHz
	002R000
	6.2
	6.5
	5.76

	15KHz
	020R000
	15KHz
	020R196
	4.4
	4.4
	7.20

	15KHz
	053R000
	15KHz
	001R215
	4.0
	4.0
	9.72

	15KHz
	045R061
	15KHz
	020R000
	4.0
	4.2
	11.70

	15KHz
	060R046
	15KHz
	020R000
	4.0
	4.1
	14.40

	15KHz
	090R016
	15KHz
	030R000
	4.0
	4.2
	21.60

	15KHz
	106R000
	15KHz
	050R000
	4.0
	4.0
	28.08

	15KHz
	053R000
	15KHz
	108R000
	4.3
	4.5
	28.98

	15kHz
	106R000
	15kHz
	150R000
	4.3
	4.5
	46.08

	15KHz
	106R000
	15KHz
	216R000
	4.2
	4.2
	57.96

	NR CC1
40 MHz
	NR CC2
40 MHz
	DFT-S-OFDM
	CP-OFDM
	B
(allocated RB portion in all aggregated CBW)

	SCS
	Allocated RB
	SCS
	Allocated
RB
	MPR

	MPR

	

	15KHz
	001R215
	15KHz
	001R000
	6.3
	6.5
	0.36

	15KHz
	001R000
	15KHz
	001R000
	5.5
	5.8
	0.36

	15KHz
	002R214
	15KHz
	001R000
	5.3
	5.5
	0.54

	15KHz
	005R000
	15KHz
	001R215
	5.2
	5.5
	1.08

	15KHz
	008R000
	15KHz
	002R214
	5.0
	5.2
	1.80

	15KHz
	008R000
	15KHz
	003R213
	4.5
	4.8
	1.98

	15KHz
	010R000
	15KHz
	003R213
	4.5
	4.8
	2.34

	15KHz
	015R201
	15KHz
	001R000
	4.3
	4.5
	2.88

	15KHz
	015R201
	15KHz
	004R000
	4.2
	4.3
	3.42

	15KHz
	015R201
	15KHz
	006R000
	3.8
	4.0
	3.78

	15KHz
	015R201
	15KHz
	010R000
	3.8
	4.1
	4.50

	15KHz
	015R000
	15KHz
	015R000
	4.0
	4.5
	5.40

	15KHz
	030R186
	15KHz
	002R000
	3.7
	3.8
	5.76

	15KHz
	020R000
	15KHz
	020R196
	3.6
	3.8
	7.20

	15KHz
	030R000
	15KHz
	024R192
	3.6
	3.6
	9.72

	15KHz
	045R171
	15KHz
	020R000
	2.5
	2.8
	11.70

	15KHz
	070R146
	15KHz
	030R000
	2.6
	2.7
	18.00

	15KHz
	108R000
	15KHz
	001R000
	2.6
	3.0
	19.62

	15KHz
	108R000
	15KHz
	108R000
	2.8
	3.0
	38.88

	15KHz
	150R066
	15KHz
	070R000
	2.6
	2.7
	39.60

	15KHz
	150R000
	15KHz
	150R066
	2.3
	2.5
	54.00

	15kHz
	216R000
	15kHz
	216R000
	2.3
	2.5
	77.76

	NR CC1
100 MHz
	NR CC2
100 MHz
	DFT-S-OFDM
	CP-OFDM
	B
(allocated RB portion in all aggregated CBW)

	SCS
	Allocated RB
	SCS
	Allocated
RB
	MPR

	MPR

	

	30KHz
	001R000
	30KHz
	001R272
	6.4
	6.7
	0.72

	30KHz
	001R000
	30KHz
	001R000
	6.0
	6.0
	0.72

	30KHz
	002R271
	30KHz
	001R000
	5.7
	5.8
	1.08

	30KHz
	005R000
	30KHz
	002R271
	5.5
	5.5
	2.52

	30KHz
	008R000
	30KHz
	003R270
	5.3
	5.4
	3.96

	30KHz
	010R000
	30KHz
	003R270
	5.0
	5.2
	4.68

	30KHz
	015R258
	30KHz
	001R000
	5.0
	5.0
	5.76

	30KHz
	015R258
	30KHz
	004R000
	3.8
	4.0
	6.84

	30KHz
	015R258
	30KHz
	006R000
	3.8
	4.0
	7.56

	30KHz
	015R258
	30KHz
	010R000
	3.5
	3.5
	9.00

	30KHz
	015R258
	30KHz
	013R000
	3.3
	3.5
	10.08

	30KHz
	015R000
	30KHz
	015R000
	3.3
	3.3
	10.80

	30KHz
	030R243
	30KHz
	002R000
	4.0
	4.0
	11.52

	30KHz
	020R253
	30KHz
	015R000
	3.2
	3.3
	12.60

	30KHz
	030R243
	30KHz
	008R000
	2.8
	2.8
	13.68

	30KHz
	020R000
	30KHz
	020R253
	2.7
	2.8
	14.40

	30KHz
	045R228
	30KHz
	020R000
	2.9
	2.9
	23.40

	30KHz
	100R173
	30KHz
	030R000
	2.8
	2.7
	46.80

	30KHz
	136R000
	30KHz
	001R000
	2.8
	2.9
	49.32

	30KHz
	160R113
	30KHz
	050R000
	2.0
	2.0
	75.60

	30KHz
	136R000
	30KHz
	136R000
	2.3
	2.5
	97.92

	30KHz
	220R053
	30KHz
	100R000
	1.7
	1.7
	115.20

	30KHz
	250R023
	30KHz
	150R000
	1.7
	1.7
	144.00

	30KHz
	273R000
	30KHz
	273R000
	1.7
	1.7
	196.56



MPR results for #1 (2x26dBm) PA architecture

Secondly, we measured the required MPR results intra-band NR non-contiguous RB allocation for 2PA #1 RF architecture (26dBm +26dBm with 2LOs) in above section 1. The measured MPR results are provided in Table 3 and Table 4 as follow
Table 3: Measured MPR results (2x26dBm, 2LO) with -30dBm/MHz based on waveforms, modulation order and RB allocations 
	NR CC1
20 MHz
	NR CC2
40 MHz
	DFT-S-OFDM
	CP-OFDM
	B
(allocated RB portion in all aggregated CBW)

	SCS
	Allocated
RB
	SCS
	allocated
RB
	MPR

	MPR

	

	15KHz
	001R000
	15KHz
	001R215
	14.4
	14.4
	0.36

	15KHz
	002R104
	15KHz
	001R000
	14.0
	14.2
	0.54

	15KHz
	005R000
	15KHz
	001R215
	12.9
	13.0
	1.08

	15KHz
	008R000
	15KHz
	002R214
	12.3
	12.5
	1.80

	15KHz
	008R000
	15KHz
	003R213
	12.3
	12.4
	1.98

	15KHz
	010R000
	15KHz
	003R213
	12.0
	12.0
	2.34

	15KHz
	008R000
	15KHz
	007R209
	11.5
	11.8
	2.70

	15KHz
	015R091
	15KHz
	001R215
	11.1
	11.3
	2.88

	15KHz
	015R091
	15KHz
	004R000
	10.4
	10.7
	3.42

	15KHz
	015R091
	15KHz
	006R000
	10.1
	10.3
	3.78

	15KHz
	015R091
	15KHz
	010R000
	10.0
	10.0
	4.50

	15KHz
	015R000
	15KHz
	015R000
	9.1
	9.4
	5.40

	15KHz
	030R076
	15KHz
	002R000
	8.5
	8.5
	5.76

	15KHz
	020R000
	15KHz
	020R196
	8.8
	8.8
	7.20

	15KHz
	053R000
	15KHz
	001R215
	5.3
	5.5
	9.72

	15KHz
	045R061
	15KHz
	020R000
	5.0
	5.0
	11.70

	15KHz
	060R046
	15KHz
	020R000
	4.7
	4.7
	14.40

	15KHz
	090R016
	15KHz
	030R000
	5.5
	5.5
	21.60

	15KHz
	106R000
	15KHz
	050R000
	5.7
	5.9
	28.08

	15KHz
	053R000
	15KHz
	108R000
	5.7
	5.7
	28.98

	15kHz
	106R000
	15kHz
	150R000
	6.3
	6.5
	46.08

	15KHz
	106R000
	15KHz
	216R000
	5.5
	5.7
	57.96

	NR CC1
40 MHz
	NR CC2
40 MHz
	DFT-S-OFDM
	CP-OFDM
	B
(allocated RB portion in all aggregated CBW)

	SCS
	Allocated RB
	SCS
	Allocated
RB
	MPR

	MPR

	

	15KHz
	001R000
	15KHz
	001R215
	14.5
	14.6
	0.36

	15KHz
	001R000
	15KHz
	001R000
	14.3
	14.4
	0.36

	15KHz
	002R214
	15KHz
	001R000
	13.6
	13.7
	0.54

	15KHz
	005R000
	15KHz
	001R215
	13.8
	13.8
	1.08

	15KHz
	008R000
	15KHz
	002R214
	13.0
	13.0
	1.80

	15KHz
	008R000
	15KHz
	003R213
	12.0
	12.2
	1.98

	15KHz
	010R000
	15KHz
	003R213
	12.0
	12.0
	2.34

	15KHz
	015R201
	15KHz
	001R000
	11.0
	11.1
	2.88

	15KHz
	015R201
	15KHz
	004R000
	10.5
	10.8
	3.42

	15KHz
	015R201
	15KHz
	006R000
	10.2
	10.3
	3.78

	15KHz
	015R201
	15KHz
	010R000
	10.0
	10.1
	4.50

	15KHz
	015R000
	15KHz
	015R000
	8.8
	8.8
	5.40

	15KHz
	030R186
	15KHz
	002R000
	8.0
	8.0
	5.76

	15KHz
	020R000
	15KHz
	020R196
	7.7
	7.8
	7.20

	15KHz
	030R000
	15KHz
	024R192
	7.5
	7.5
	9.72

	15KHz
	045R171
	15KHz
	020R000
	4.9
	4.8
	11.70

	15KHz
	070R146
	15KHz
	030R000
	4.1
	4.0
	18.00

	15KHz
	108R000
	15KHz
	001R000
	4.0
	4.0
	19.62

	15KHz
	108R000
	15KHz
	108R000
	3.4
	3.4
	38.88

	15KHz
	150R066
	15KHz
	070R000
	2.6
	2.7
	39.60

	15KHz
	150R000
	15KHz
	150R066
	2.4
	2.4
	54.00

	15kHz
	216R000
	15kHz
	216R000
	3.0
	3.0
	77.76

	NR CC1
100 MHz
	NR CC2
100 MHz
	DFT-S-OFDM
	CP-OFDM
	B
(allocated RB portion in all aggregated CBW)

	SCS
	Allocated RB
	SCS
	Allocated
RB
	MPR

	MPR

	

	30KHz
	001R000
	30KHz
	001R272
	15.0
	15.0
	0.72

	30KHz
	001R000
	30KHz
	001R000
	14.4
	14.6
	0.72

	30KHz
	002R271
	30KHz
	001R000
	14.2
	14.0
	1.08

	30KHz
	005R000
	30KHz
	002R271
	12.8
	12.8
	2.52

	30KHz
	008R000
	30KHz
	003R270
	11.1
	11.2
	3.96

	30KHz
	010R000
	30KHz
	003R270
	10.0
	10.1
	4.68

	30KHz
	015R258
	30KHz
	001R000
	9.0
	9.1
	5.76

	30KHz
	015R258
	30KHz
	004R000
	8.1
	8.3
	6.84

	30KHz
	015R258
	30KHz
	006R000
	8.2
	8.2
	7.56

	30KHz
	015R258
	30KHz
	010R000
	7.0
	7.0
	9.00

	30KHz
	015R258
	30KHz
	013R000
	5.6
	5.6
	10.08

	30KHz
	015R000
	30KHz
	015R000
	5.2
	5.3
	10.80

	30KHz
	030R243
	30KHz
	002R000
	5.2
	5.2
	11.52

	30KHz
	020R253
	30KHz
	015R000
	5.0
	5.0
	12.60

	30KHz
	030R243
	30KHz
	008R000
	4.8
	4.8
	13.68

	30KHz
	020R000
	30KHz
	020R253
	4.4
	4.4
	14.40

	30KHz
	045R228
	30KHz
	020R000
	3.4
	3.5
	23.40

	30KHz
	100R173
	30KHz
	030R000
	2.7
	2.5
	46.80

	30KHz
	136R000
	30KHz
	001R000
	4.4
	4.5
	49.32

	30KHz
	160R113
	30KHz
	050R000
	2.0
	1.7
	75.60

	30KHz
	136R000
	30KHz
	136R000
	3.0
	3.0
	97.92

	30KHz
	220R053
	30KHz
	100R000
	1.5
	1.5
	115.20

	30KHz
	250R023
	30KHz
	150R000
	1.5
	1.5
	144.00

	30KHz
	273R000
	30KHz
	273R000
	1.5
	1.5
	196.56




Table 4: Measured MPR results (26dBm + 26dBm, 2LOs) with -13dBm/MHz based on waveforms, modulation order and RB allocations
	NR CC1
20 MHz
	NR CC2
40 MHz
	DFT-S-OFDM
	CP-OFDM
	B
(allocated RB portion in all aggregated CBW)

	SCS
	Allocated
RB
	SCS
	allocated
RB
	MPR

	MPR

	

	15KHz
	001R000
	15KHz
	001R000
	7.0
	7.5
	0.36

	15KHz
	002R104
	15KHz
	001R000
	6.8
	7.2
	0.54

	15KHz
	005R000
	15KHz
	001R215
	6.4
	6.7
	1.08

	15KHz
	008R098
	15KHz
	002R214
	4.3
	4.5
	1.80

	15KHz
	008R098
	15KHz
	003R213
	4.0
	4.3
	1.98

	15KHz
	010R096
	15KHz
	003R213
	3.5
	4.0
	2.34

	15KHz
	008R000
	15KHz
	007R209
	3.5
	4.0
	2.70

	15KHz
	015R091
	15KHz
	001R215
	3.5
	3.7
	2.88

	15KHz
	015R091
	15KHz
	004R000
	5.1
	5.5
	3.42

	15KHz
	015R091
	15KHz
	006R000
	4.0
	4.6
	3.78

	15KHz
	015R091
	15KHz
	010R000
	3.5
	4.0
	4.50

	15KHz
	015R000
	15KHz
	015R000
	3.3
	3.7
	5.40

	15KHz
	030R076
	15KHz
	002R000
	5.5
	6.0
	5.76

	15KHz
	020R000
	15KHz
	020R196
	3.4
	3.8
	7.20

	15KHz
	053R000
	15KHz
	001R215
	3.1
	3.5
	9.72

	15KHz
	045R061
	15KHz
	020R000
	3.1
	3.5
	11.70

	15KHz
	060R046
	15KHz
	020R000
	3.3
	3.6
	14.40

	15KHz
	090R016
	15KHz
	030R000
	3.3
	3.8
	21.60

	15KHz
	106R000
	15KHz
	050R000
	3.5
	3.5
	28.08

	15KHz
	053R000
	15KHz
	108R000
	3.3
	3.8
	28.98

	15kHz
	106R000
	15kHz
	150R000
	3.5
	4.0
	46.08

	15KHz
	106R000
	15KHz
	216R000
	3.5
	3.5
	57.96

	NR CC1
40 MHz
	NR CC2
40 MHz
	DFT-S-OFDM
	CP-OFDM
	B
(allocated RB portion in all aggregated CBW)

	SCS
	Allocated RB
	SCS
	Allocated
RB
	MPR

	MPR

	

	15KHz
	001R215
	15KHz
	001R000
	5.3
	5.5
	0.36

	15KHz
	001R000
	15KHz
	001R000
	5.0
	5.0
	0.36

	15KHz
	002R214
	15KHz
	001R000
	5.0
	5.2
	0.54

	15KHz
	005R000
	15KHz
	001R215
	5.0
	5.2
	1.08

	15KHz
	008R000
	15KHz
	002R214
	4.5
	4.8
	1.80

	15KHz
	008R000
	15KHz
	003R213
	4.2
	4.3
	1.98

	15KHz
	010R000
	15KHz
	003R213
	4.0
	4.3
	2.34

	15KHz
	015R201
	15KHz
	001R000
	3.5
	3.8
	2.88

	15KHz
	015R201
	15KHz
	004R000
	3.6
	3.7
	3.42

	15KHz
	015R201
	15KHz
	006R000
	3.3
	3.4
	3.78

	15KHz
	015R201
	15KHz
	010R000
	3.5
	3.7
	4.50

	15KHz
	015R000
	15KHz
	015R000
	3.5
	4.0
	5.40

	15KHz
	030R186
	15KHz
	002R000
	3.2
	3.2
	5.76

	15KHz
	020R000
	15KHz
	020R196
	3.0
	3.2
	7.20

	15KHz
	030R000
	15KHz
	024R192
	3.0
	3.2
	9.72

	15KHz
	045R171
	15KHz
	020R000
	2.0
	2.2
	11.70

	15KHz
	070R146
	15KHz
	030R000
	2.0
	2.2
	18.00

	15KHz
	108R000
	15KHz
	001R000
	2.0
	2.7
	19.62

	15KHz
	108R000
	15KHz
	108R000
	2.2
	2.7
	38.88

	15KHz
	150R066
	15KHz
	070R000
	2.2
	2.3
	39.60

	15KHz
	150R000
	15KHz
	150R066
	2.0
	2.0
	54.00

	15kHz
	216R000
	15kHz
	216R000
	2.0
	2.0
	77.76

	NR CC1
100 MHz
	NR CC2
100 MHz
	DFT-S-OFDM
	CP-OFDM
	B
(allocated RB portion in all aggregated CBW)

	SCS
	Allocated RB
	SCS
	Allocated
RB
	MPR

	MPR

	

	30KHz
	001R000
	30KHz
	001R272
	5.4
	5.7
	0.72

	30KHz
	001R000
	30KHz
	001R000
	5.0
	5.2
	0.72

	30KHz
	002R271
	30KHz
	001R000
	5.0
	5.2
	1.08

	30KHz
	005R000
	30KHz
	002R271
	4.7
	5.0
	2.52

	30KHz
	008R000
	30KHz
	003R270
	4.7
	4.8
	3.96

	30KHz
	010R000
	30KHz
	003R270
	4.4
	4.5
	4.68

	30KHz
	015R258
	30KHz
	001R000
	4.2
	4.2
	5.76

	30KHz
	015R258
	30KHz
	004R000
	3.3
	3.3
	6.84

	30KHz
	015R258
	30KHz
	006R000
	3.0
	3.2
	7.56

	30KHz
	015R258
	30KHz
	010R000
	3.0
	3.0
	9.00

	30KHz
	015R258
	30KHz
	013R000
	3.0
	3.0
	10.08

	30KHz
	015R000
	30KHz
	015R000
	2.8
	2.7
	10.80

	30KHz
	030R243
	30KHz
	002R000
	3.4
	3.5
	11.52

	30KHz
	020R253
	30KHz
	015R000
	2.7
	2.8
	12.60

	30KHz
	030R243
	30KHz
	008R000
	2.5
	2.5
	13.68

	30KHz
	020R000
	30KHz
	020R253
	2.5
	2.5
	14.40

	30KHz
	045R228
	30KHz
	020R000
	2.5
	2.5
	23.40

	30KHz
	100R173
	30KHz
	030R000
	2.0
	2.3
	46.80

	30KHz
	136R000
	30KHz
	001R000
	2.3
	2.5
	49.32

	30KHz
	160R113
	30KHz
	050R000
	1.4
	1.4
	75.60

	30KHz
	136R000
	30KHz
	136R000
	2.2
	2.3
	97.92

	30KHz
	220R053
	30KHz
	100R000
	1.0
	1.0
	115.20

	30KHz
	250R023
	30KHz
	150R000
	1.0
	1.0
	144.00

	30KHz
	273R000
	30KHz
	273R000
	1.0
	1.0
	196.56



Based on the above MPR results in above sections. We can see the delta MPR value is not quite different as shown in and the Figure 2.1 between #1 PA architecture and #4 PA architecture for PC2 NR intra-band non-contiguous RB allocation.

Figure 2.1. Comparison MPR levels according to PA architecture


Obeservation2: Based on MPR results, the delta MPR value is not quite different (up to 1.5dB) between #1 PA architecture and #4 PA architecture.
Proposal
Proposal 1: Based on the MPR results, we propose following MPR requirements for PC2 NR intra-band non-contiguous CA UE 

[bookmark: _Toc61367352][bookmark: _Toc61372735][bookmark: _Toc68230676]	MPRIM3 to meet -30dBm/MHz
Based on simulation results and PC3 MPR requirements in TS38.101-1, we propose as follow

	MPR in this clause is for intra-band non-contiguous CA power class 2 for UEs indicating IE dualPA-Architecture supported. The allowed maximum output power reduction is defined as:
MPR=MA Where MA is defined as follows
MA = 	16; 	0 ≤ B < 1.08
			15.0; 	1.08 ≤ B < 2.88
	14.0; 	2.88 ≤ B < 5.40
12.0;  5.40 ≤ B < 9.72
10.5; 	9.72 ≤ B < 16.38
			9.0; 	16.38 ≤ B
Where:
B=(LCRB_alloc, 1* 12* SCS1 + LCRB_alloc,2 * 12 * SCS2)/1,000,000




	MPRIM5 to meet -13dBm/MHz
For the MPR requirements with -13dBm/MHz, RAN4 can reuse the PC3 MPR requirements for PC2 intra-band non-contiguous CA as follow

	MPR in this clause is for intra-band non-contiguous CA power class 2 for UEs indicating IE dualPA-Architecture supported. The allowed maximum output power reduction is defined as:
MPR=MA Where MA is defined as follows
MA = 	9	;	 0 ≤ B < 0.54
			8	;	 0.54 ≤ B < 1.08
			7	; 	1.08 ≤ B < 2.16
			6.5	; 	2.16 ≤ B < 3.24
			5.5	; 	3.24 ≤ B < 5.4
			4	; 	5.4 ≤ B
Where:
B=(LCRB_alloc, 1* 12* SCS1 + LCRB_alloc,2 * 12 * SCS2)/1,000,000




Other open issues
For the #4 architecture, RAN4 discussed whether or not need the PA swapping time from one CC to two CC as follow

· Issue 1: PA swap time for 1x23dBm+1x26dBm + 2LO with 100MHz BW 
· Proposals
· Option 1: define new swap time specifically for this architecture
· Option 2: swap time is 0us
· Option 3: 0us or 35us or 140us
In our understanding, the PA swapping time does not need for intra-band non-contiguous CA since each PA per CC always operated for intra-band non-contiguous CA operation. 

Maybe, the swapping time is needed when CA UE fallback to single CC or the UE support UL-MIMO without CA operation.

Therefore, we don’t need to define the PA swapping time for intra-band NC-CA UE.

If our understanding is not correct, then we can further discuss the detail operating scenarios and UE behavior.

Observation3: The PA swapping time does not need for intra-band non-contiguous CA since each PA per CC operate for intra-band non-contiguous CA operation.

For the in-gap emission requirements, RAN4 proposed 3 candidate options as follow

· Issue 2: For 1x26dBm PA + 1LO with 200MHz BW and 2x23dBm PA + 1LO with 200MHz BW, how to handle in-gap requirement when LO or image fall inside?
· Proposals
· Option 1: Reuse in-gap exception under some conditions(e.g. Sync) as defined for PC3
· Option 2: use MPR to meet in-gap emission requirement
· Option 3: other 
In these options, we prefer to option1 as same PC3 intra-band non-contiguous CA UE.

Conclusion
In this contribution, we provide some observations and propose MPR requirements for PC2 NR intra-band non-contiguous CA UE according to RF architecture as follow

Observation1: The #4 RF architecture with 1x23dBm+1x26dBm PAs can support UL non-contiguous CA with the separate class III. Also support UL-MIMO in single carrier compare to architecture #2 and #3.

Obeservation2: Based on MPR results, the delta MPR value is not quite different (up to 1.5dB) between #1 PA architecture and #4 PA architecture.

Observation3: The PA swapping time does not need for intra-band non-contiguous CA since each PA per CC operate for intra-band non-contiguous CA operation.


Proposal 1: Based on the MPR results, we propose following MPR requirements for PC2 NR intra-band non-contiguous CA UE 
-	MPRIM3 to meet -30dBm/MHz
Based on simulation results and PC3 MPR requirements in TS38.101-1, we propose as follow

	MPR in this clause is for intra-band non-contiguous CA power class 2 for UEs indicating IE dualPA-Architecture supported. The allowed maximum output power reduction is defined as:
MPR=MA Where MA is defined as follows
MA = 	16; 	0 ≤ B < 1.08
			15.0; 	1.08 ≤ B < 2.88
	14.0; 	2.88 ≤ B < 5.40
12.0;  5.40 ≤ B < 9.72
10.5; 	9.72 ≤ B < 16.38
			9.0; 	16.38 ≤ B
Where:
B=(LCRB_alloc, 1* 12* SCS1 + LCRB_alloc,2 * 12 * SCS2)/1,000,000




-	MPRIM5 to meet -13dBm/MHz
For the MPR requirements with -13dBm/MHz, RAN4 can reuse the PC3 MPR requirements for PC2 intra-band non-contiguous CA as follow

	MPR in this clause is for intra-band non-contiguous CA power class 2 for UEs indicating IE dualPA-Architecture supported. The allowed maximum output power reduction is defined as:
MPR=MA Where MA is defined as follows
MA = 	9	;	 0 ≤ B < 0.54
			8	;	 0.54 ≤ B < 1.08
			7	; 	1.08 ≤ B < 2.16
			6.5	; 	2.16 ≤ B < 3.24
			5.5	; 	3.24 ≤ B < 5.4
			4	; 	5.4 ≤ B
Where:
B=(LCRB_alloc, 1* 12* SCS1 + LCRB_alloc,2 * 12 * SCS2)/1,000,000




References
[1]	R4-2105389 “WF on RF architecture options handling for PC2 intra-band UL NC CA,” Huawei 
[2] R4-2104819, “Discussion on Transmitter Architecture for PC2 UL NC CA”, Skyworks, RAN4 #98bis-e
[3] R4-2107282, “Discussion on possible reference architecture for nc ul ca”, Qualcomm, RAN4 #98bis-e 
[4] R4-2106366, “On PC2 intra-band non-contiguous NR CA”, ZTE, RAN4 #98bis-e 
[5] R4-2106542, “Discussion on HP UE for TDD intra-band UL CA”, Xiaomi, RAN4 #98bis-e 
[6] TS38.101-1
PC2 MPR for intra-band NC-CA

MPR_2x26	0.36	0.54	1.08	1.8	1.98	2.34	2.7	2.88	3.42	3.78	4.5	5.4	5.76	7.2	9.7200000000000006	11.7	14.4	21.6	28.08	28.98	46.08	57.96	0.36	0.36	0.54	1.08	1.8	1.98	2.34	2.88	3.42	3.78	4.5	5.4	5.76	7.2	9.7200000000000006	11.7	18	19.62	38.880000000000003	39.6	54	77.760000000000005	0.72	0.72	1.08	2.52	3.96	4.68	5.76	6.84	7.56	9	10.08	10.8	11.52	12.6	13.68	14.4	23.4	46.8	49.32	75.599999999999994	97.92	115.2	144	196.56	14.4	14.2	13	12.5	12.4	12	11.8	11.3	10.7	10.3	10	9.4	8.5	8.8000000000000007	5.5	5	4.7	5.5	5.9	5.7	6.5	5.7	14.6	14.4	13.7	13.8	13	12.2	12	11.1	10.8	10.3	10.1	8.8000000000000007	8	7.8	7.5	4.8	4	4	3.4	2.7	2.4	3	15	14.6	14	12.8	11.2	10.1	9.1	8.3000000000000007	8.1999999999999993	7	5.6	5.3	5.2	5	4.8	4.4000000000000004	3.5	2.5	4.5	1.7	3	1.5	1.5	1.5	MPR_23+26	0.36	0.54	1.08	1.8	1.98	2.34	2.7	2.88	3.42	3.78	4.5	5.4	5.76	7.2	9.7200000000000006	11.7	14.4	21.6	28.08	28.98	46.08	57.96	0.36	0.36	0.54	1.08	1.8	1.98	2.34	2.88	3.42	3.78	4.5	5.4	5.76	7.2	9.7200000000000006	11.7	18	19.62	38.880000000000003	39.6	54	77.760000000000005	0.72	0.72	1.08	2.52	3.96	4.68	5.76	6.84	7.56	9	10.08	10.8	11.52	12.6	13.68	14.4	23.4	46.8	49.32	75.599999999999994	97.92	115.2	144	196.56	15.5	15	14.3	13.8	13.8	13.3	13.1	13	12.2	10.6	10.3	10	9	8.8000000000000007	6	5	4.7	5.5	5.9	5.7	6.5	5.7	15.5	15.2	14.7	14.5	13.8	13	12.6	11.9	11.8	11.2	10.8	10	9	8.8000000000000007	8	5.8	4.5	4.5	3.8	3.3	3	3	15.5	15.3	14.7	13.4	12	10.8	10	9	8.6999999999999993	7.5	6.4	6	5.5	5.4	5.3	5	4.2	3	5.2	2.5	3.7	2.5	2.5	2.5	B


MPR (dB)




3GPP
