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Introduction
At RAN4 #101-bis-e, it was agreed in Way Forward (WF [1]) to further study band n3 power class 2 (PC2) maximum sensitivity degradation (MSD) for one transmitter (1Tx) and two transmitters (2Tx) architectures. This paper brings measurement data for 1Tx PC3, 1Tx PC2 and 2Tx PC3+PC3 assuming transmit diversity (Tx Diversity) scheme.
Discussion
For n3 PC2 MSD, it has been agreed in WF [1] to further evaluate 1Tx PC2 and 2Tx PC3+PC3 MSD assuming [50]dB Tx port to Rx port isolation, and [45]dB Tx port to antenna isolation:
· For 1 Tx PC2: Take the average results from TR38.861 (Table 1 below) as reference and complete the “TBD” values in next meeting to conclude.
[bookmark: _Ref95733878]Table 1: 1Tx PC2 WF baseline
	Operating
Band
	5
	10
	15
	20
	25
	30
	35
	40
	45
	50

	
	MHz
	MHz
	MHz
	MHz
	MHz
	MHz
	MHz
	MHz
	MHz
	MHz

	n3
	TBD
	0.8dB
	TBD
	TBD
	TBD
	TBD
	[0.6dB]
	[1.4dB]
	2.2dB
	2.7dB



· For 2 Tx PC2: Taking the average results from RAN4 #101-bis-e meeting (Table 2 below) as reference, and wait for some more inputs in next meeting, if any, to conclude.
[bookmark: _Ref95733886]Table 2: 2Tx PC2 WF baseline
	Operating
Band
	5
	10
	15
	20
	25
	30
	35
	40
	45
	50

	
	MHz
	MHz
	MHz
	MHz
	MHz
	MHz
	MHz
	MHz
	MHz
	MHz

	n3
	3.5 dB
	3.5 dB
	3.5 dB
	3.5 dB
	3.5 dB
	3.5 dB
	4.2dB
	5dB
	5.1dB
	6dB



We bring measurement data for 1Tx PC3, 1Tx PC2, 2Tx PC3+PC3 and update our previous MSD analysis [2] to align with WF duplexer isolation assumptions.
Test Parameters and Assumptions
The measurements are performed using a band n3 PA calibrated with the 20 MHz channel bandwidth (CBW), 15 kHz sub-carrier spacing (SCS), QPSK, DFT-S-OFDM, 100 RB at lower channel edge to meet:
· -30dBc ACLR at 1dB MPR referenced to PC3 0dB MPR level for 1Tx PC3 and 2Tx PC3+PC3 measurements,
· -31dBc ACLR at 1dB MPR referenced to PC2 0dB MPR level for 1Tx PC2 measurements.
and the following waveform parameters:
· Waveform parameters:
· [bookmark: _Ref79153008]DFT-s-OFDM QPSK SCS 15kHz waveforms with UL RB configurations of Table 3 for all band n3 CBW.

[bookmark: _Ref95738152]Table 3: n3 PC2 REFSENS Uplink Configuration
	CA configuration
	SCS
(kHz)
	5 
MHz
(dBm)
	10 
MHz
(dBm)
	15 
MHz
(dBm)
	20 
MHz
(dBm)
	25 
MHz
(dBm)
	30
MHz
(dBm)
	35 MHz
(dBm)
	40 MHz
(dBm)
	45 
MHz
(dBm)
	50
MHz
(dBm)
	Duplex mode

	n3
	15
	25
	501
	501
	501
	501
	501
	501
	501
	501
	501
	FDD

	NOTE 1: UL resource blocks shall be located as close as possible to the downlink operating band but confined within the transmission bandwidth configuration for the channel bandwidth (Table 5.3.2-1).


· 

· Local Oscillator (LO) leakage: -28dBc;
· IQ Image rejection: -28dB;
· C-IM3: -60dBc, C-IM5: -70dBc;
· Post PA insertion losses: 4dB;
· 10dB antenna to antenna isolation.
Measurement Results and MSD Analysis
The PA noise level is measured at the n3 duplex distance. Noise levels for 5MHz CBW are very low and are therefore omitted in this document. 
Tx Noise Levels in Band n3 Rx Channel
Figure 1 shows the PA noise levels in downlink band n3 Rx channels for 1Tx PC3 (blue), 1Tx PC2 (green) and 2Tx PC3+PC3 (orange) for n3 CBW 10,15,20,25,30,35,40,45,50MHz. The detailed results are presented in the MSD analysis tables. General observations are made at 50MHz CBW where Tx noise levels are the highest:
· 1Tx PC3 level: -26.6 dBm/48.615MHz
· 1Tx PC2 level: -24.3 dBm/48.615MHz
· 2Tx PC3+PC33 level: -22.7 dBm/48.615MHz.
The 1 Tx PC2 noise is approximately 2.3dB higher than the 1Tx PC3 level and 1.6dB lower than the 2Tx PC3+PC3. The 2 Tx PC3 + PC3 is approximately 3.9dB higher than the 1x Tx PC3. If we assume each PC3 Tx noise level can be summed due to the uncorrelated properties of each Tx Diversity waveforms, we can conclude that the reverse IMD products contribute to increasing the Tx noise level in Rx band by approximately 0.9dB. It should also be noted that the 2Tx UE is specified with -31dBc ACLR, while each PA are calibrated against PC3 requirements of -30dBc ACLR. So PC2 UE with 2Tx architecture carries this inherent penalty.
[image: ]
[bookmark: _Ref95738688]Figure 1: 1TxPC3 (blue), 1xPC2 (green) and 2Tx PC3+PC3 (orange) PA noise levels in n3 downlink Rx channel for 10,15,20,25,30,35,40,45,50MHz CBW.

Observation 1: At 50MHz CBW where Tx noise levels are highest:
· The 1Tx PC2 noise level is approximately 2.3dB higher than the 1Tx PC3 level and 1.6dB lower than 2Tx PC3+PC3 level;
· The 2Tx PC3+PC3 noise level is approximately 3.9dB higher than the 1Tx PC3 level.
· The 2Tx UE architecture higher noise level may be explained by:
· impact of reverse intermodulation distortion products for PAs that are calibrated at -30dBc ACLR while the PC2 UE ACLR requirement is -31dBc.
	n3 MSD Analysis
It was agreed in WF [1] that the PC2 FDD REFSENS is not specified as an absolute REFSENS level expressed in dBm, but rather as relative increase or as a REFSENS degradation relative to the agreed PC3 REFSENS levels. Different proposals have been discussed throughout RAN4#101-bis e-meeting to capture how should this “REFSENS degradation” be captured. One proposal was to adopt “Additional REFSENS Degradation” (ARD). We propose here to re-use the terminology used in WF, i.e. use the term “Reference Sensitivity Degradation” (RSD). Considering our Tx noise levels usually produce MSD lower than the agreed / consensus-based REFSENS levels, we estimate RSD referenced to the 1Tx PC3 REFSENS levels based on measurement data-set collected on this dual PA test bench with only 1 PA transmitting.
The calculated 1Tx PC3 baseline REFSENS levels are shown in Figure 2. The first row captures the Tx noise levels plotted in Figure 1, and the last row is used in the rest of this document as our baseline 1Tx PC3 REFSENS to evaluate the PC2 UE RSD.
[image: ]
[bookmark: _Ref92232085]Figure 2: 1Tx PC3 baseline REFSENS to evaluate PC2 UE RSD for band n3.
Figure 3 and Figure 4 show the 1Tx PC2 UE RSD and 2Tx PC3+PC3 UE RSD respectively. RSD is calculated using the 1Tx PC3 REFSENS levels calculated in Figure 2 for each channel bandwidth.
	[image: ]
[bookmark: _Ref95744931]Figure 3: 1Tx PC2 RSD evaluation referenced to Figure 2 1 Tx PC3 REFSENS levels.
[image: ]
[bookmark: _Ref95744937]Figure 4: 2Tx PC3+PC3 RSD evaluation referenced to Figure 2 1 Tx PC3 REFSENS levels.
It can be seen that:
· At the highest 50MHz CBW, the 1Tx PC2 UE delivers superior RSD performance than 2Tx PC3+PC3 UE since its RSD is 2.0dB while the 2Tx RSD is 7.3dB, ie the 1Tx PC2 UE exhibits a 5.3 dB lower RSD performance. The 2Tx REFSENS is 1.0 to 5.3dB worse than the 1tx PC2 UE for CBW ranging from 25MHz to 50MHz.

Observation 2: The 1Tx PC2 UE architecture delivers superior Reference Sensitivity Degradation (RSD) performance than the 2Tx PC3+PC3 UE, for CBW ranging from 25MHz to 50MHz CBW.
· 1Tx PC2 RSD relative to 1Tx PC3 REFSENS ranges from 0.5dB at 25MHz CBW to 2.0dB at 50MHz CBW.
· 1Tx PC3+PC3 RSD relative to 1Tx PC3 REFSENS ranges from 1.6dB at 25MHz CBW to 7.3dB at 50MHz CBW.

Based on these observations, we consider separate RSD specifications should be captured for 1Tx PC2 UE and 2 Tx PC3+PC2 UE. We make the following proposal.
Proposal: For 1Tx PC2 UE architecture, adopt Table 4 RSD levels. For 2Tx PC3+PC3 UE architecture, adopt Table 5 RSD levels.
[bookmark: _Ref95746389]Table 4: 1Tx PC2 Reference Sensitivity Degradation relative to PC3 REFSENS
	Operating
Band
	5 
MHz
(dB)
	10
MHz
(dB)
	15
MHz
(dB)
	20
MHz
(dB)
	25
MHz
(dB)
	30
MHz
(dB)
	35
MHz
(dB)
	40
MHz
(dB)
	45
MHz
(dB)
	50
MHz
(dB)

	n3
	0.0
	0.0
	0.0
	0.0
	0.5
	0.8
	1.3
	1.5
	1.5
	2.0



Table 5: 2Tx PC3+PC3 Reference Sensitivity Degradation relative to PC3 REFSENS
	Operating
Band
	5 
MHz
(dB)
	10
MHz
(dB)
	15
MHz
(dB)
	20
MHz
(dB)
	25
MHz
(dB)
	30
MHz
(dB)
	35
MHz
(dB)
	40
MHz
(dB)
	45
MHz
(dB)
	50
MHz
(dB)

	n3
	0.2
	0.7
	0.7
	1.0
	1.6
	2.0
	3.3
	5.2
	6.4
	7.3



Conclusion
This paper presents PA Tx noise measurements for 1Tx PC3, 1Tx PC2 and 2Tx PC3+PC3 architectures. For band n3 PC2 REFSENS, the 1Tx PC2 UE offers superior REFSENS performance than the 2Tx PC2 UE architecture. 1Tx PC2 noise levels and reference sensitivity degradation referenced to the 1Tx PC3 REFSENS levels are lower than those of 2 TX UE across all CBW. These are captured in observation 1 and 2. 

Observation 1: At 50MHz CBW where Tx noise levels are highest:
· The 1Tx PC2 noise level is approximately 2.3dB higher than the 1Tx PC3 level and 1.6dB lower than 2Tx PC3+PC3 level;
· The 2Tx PC3+PC3 noise level is approximately 3.9dB higher than the 1Tx PC3 level.
· The 2Tx UE architecture higher noise level may be explained by:
· impact of reverse intermodulation distortion products for PAs that are calibrated at -30dBc ACLR while the PC2 UE ACLR requirement is -31dBc.
Observation 2: The 1Tx PC2 UE architecture delivers superior Reference Sensitivity Degradation (RSD) performance than the 2Tx PC3+PC3 UE, for CBW ranging from 25MHz to 50MHz CBW.
· 1Tx PC2 RSD relative to 1Tx PC3 REFSENS ranges from 0.5dB at 25MHz CBW to 2.0dB at 50MHz CBW.
· 1Tx PC3+PC3 RSD relative to 1Tx PC3 REFSENS ranges from 1.6dB at 25MHz CBW to 7.3dB at 50MHz CBW
Proposal: For 1Tx PC2 UE architecture, adopt Table 4 RSD levels. For 2Tx PC3+PC3 UE architecture, adopt Table 5 RSD levels.
Table 4: 1Tx PC2 Reference Sensitivity Degradation relative to PC3 REFSENS
	Operating
Band
	5 
MHz
(dB)
	10
MHz
(dB)
	15
MHz
(dB)
	20
MHz
(dB)
	25
MHz
(dB)
	30
MHz
(dB)
	35
MHz
(dB)
	40
MHz
(dB)
	45
MHz
(dB)
	50
MHz
(dB)

	n3
	0.0
	0.0
	0.0
	0.0
	0.5
	0.8
	1.3
	1.5
	1.5
	2.0



Table 5: 2Tx PC3+PC3 Reference Sensitivity Degradation relative to PC3 REFSENS
	Operating
Band
	5 
MHz
(dB)
	10
MHz
(dB)
	15
MHz
(dB)
	20
MHz
(dB)
	25
MHz
(dB)
	30
MHz
(dB)
	35
MHz
(dB)
	40
MHz
(dB)
	45
MHz
(dB)
	50
MHz
(dB)

	n3
	0.2
	0.7
	0.7
	1.0
	1.6
	2.0
	3.3
	5.2
	6.4
	7.3
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2Tx PC3+PC3 n3 MSD.

NR CBW/LTE CBW/Wgap TomHz T5MHz 20MHz 25 Mz 30MHz BT 20Nz 75 Wiz SOz
Measured Tx noise in Rx band in channel level (PAout) _[dBm] 540 52.1 294 5.9 43.9 -39.9 4.7 294 27
Tx-Rx duplexerisolation _[dB] 50 50 50 50 50 50 50 50 50
Tx-Antenna duplexer isolation __[d8] a5 a5 a5 a5 a5 a5 a5 a5 a5
INAtoantinsertion losses__[dB] a a a a a a a a a
antenna solation__[dB] o 10| o 10| o 0] o 1] o 10| o 10| o 10| 0o 1100 1
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3 composite noise level Ant.1/Ant.2_[d8m] | -85.4  -83.4 | -87.6 876 | -851 861 | -847 847 | 83.6 83.6 | 818 818 | -786 786 | 743 743 | 680 -68.0

n3de-sense  [dB] 04 04 | 045 045 10 10 | 13 13 | 25 25 | 51 51| 89 895 | 147 147
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after MRC _cor [dB]
2Tx PC3+PC3 REFSENS based on measurementdata [dBm] -93.0 911 896 -87.9 -86.6 842 803 -69.1
1Tx PC3 REFSENS based on measurement data__[dBm] 937 918 905 894 836 875 855 819 764

2Tx PC3+PC3 Reference Sensitivity Degradation

[d8] 07 07 10 16 20 33 52 64 73
relative to 1Tx PC3 REFSENS.

2Tx PC3+PC3 RSD degradation vs ITX PC2UE  [dB] 05 05 07 10 12 20 37 a8 53
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1Tx PC3 n3 MSD.

NR CBW/LTE CBW/Wgap TomHz T5MHz 20MHz 25 Mz 30MHz BT 20Nz 75 Wiz SOz
Measured Tx noise in Rx band in channel level (PAout) _[dBm] “59.0 -56.9 551 519 -50.2 -46.2 403 -33.8 2.6
Tx-Rx duplexerisolation _[dB] 50 50 50 50 50 50 50 50 50
Tx-Antenna duplexer isolation __[d8] a5 a5 a5 a5 a5 a5 a5 a5 a5
INAtoantinsertion loss__[dB] a a a a a a a a a
antenna solation__[dB] o 10| o 10| o 0] o 1] o 10| o 10| o 10| 0o 1100 1
in channel levels: primary/civersiy (antenna) | 1050 1100|1029 1073|1011 1061 979 1023 %62 1012|922 972|863 913 | 18 was | m26 716
n3 ideal RB scaled Refsens spec  [dBm] 9.8 920 507 8.7 -88.9 -88.2 -87.6 871 8.7

noisefloor [d8m] | -898 -898 | 880 -83.0 | 867 -86.7 | -85.7 -857 | -843 845|842 842 -83.6 -83.6| -831 -831 | -827 -827

n3 composite noise_[dBm] | -89.7 89.8 | -87.9 -88.0 | -86.6 867 | -855 857 | 846 -84.8 | 836 840 | 817 829 | 781 -809 | 722 764

n3de-sense  [dB] 01 00 |o01a o004 02 00|03 01|03 01|06 02|15 07|50 23105 63

after MRC_uncor [dB]
after MRC _cor [dB]
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[dBm] -93.7 918 905 -89.4 836 875 855 819 764
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