3GPP TSG-RAN WG4 Meeting # 111									          R4-2407158
Fukuoka, Japan, 20 – 24 May 2024
[bookmark: _Hlk163496222]
[bookmark: _Hlk163496435]Title:	PC2 CA_n71(2A) MSD
Agenda Item:	6.19.2
Source:	Skyworks Solutions, Inc.
Document for:	Approval 
1	Introduction 
This contribution proposes an intra-band non-contiguous downlink (DL) CA_n71(2A) secondary component carrier (SCC) MSD analysis for one uplink carrier power class 3 (PC3) and power class 2 (PC2) operation based on [1]. We account for MSD test point proposals of [2,3,4] to reduce the number of test points from the current six entries down to two test points: one test point for legacy Band n71 UEs that support up to 20MHz uplink (UL) channel bandwidth (CBW), and one test point specific to BCS4/5 and to UEs that support the symmetrical UL/DL CBW. A companion draftCR is proposed to complete this band combination at this meeting.
2 Discussion
2.1 One UL Measurement Results 
2.1.1 Power Amplifier Calibration & Front-end assumptions
For power amplifier (PA) measurements, we assume:
· Local Oscillator (LO) leakage: -28 dBc, IQ Image rejection: -28 dB, C-IM3 -60 dBc, C-IM5 -70 dBc
· PC3 operation and 4 dB post PA insertion losses
· The PA calibration point is 20 MHz, 15 kHz, QPSK, DFT-S-OFDM, 100 RB at lower channel edge with 1 dB MPR and:
· ACLR -30 dBc for PC3 and transmit diversity (TxD) operation for each PA
· ACLR -31 dBc for PC2 operation

For MSD analysis, we assume:
· Tx-Rx duplexer isolation: 55 dB
· Tx-antenna duplex rejection in Rx range: 50 dB
· Primary antenna to diversity antenna isolation: 10 dB
· MRC combining and -1 dB Signal-to-Noise Ratio (SNR)
· Based on the agreed WF [5], the PC2 ΔRIBC is calculated relative to PC3 SCC CBW REFSENS requirement as specified in Table 7.3.2-1a.   
2.1.2 One UL PC3, PC2 Noise Levels 
Table 1 summarizes the measured interference levels affecting the DL SCC. Out of the three test points evaluated in [1], we retain only two test points:
· the legacy PCC + SCC 15MHz + 10MHz, Wgap = 10MHz test point,
· the BCS4/5 test point corresponding to PCC+SCC 25MHz + 5MHz, Wgap=5MHz.
[bookmark: _Ref159098738]Table 1: 1Tx PC3, PC2 single-Tx and PC2 dual-Tx measured noise levels
	CA configuration
	SCS
(kHz)
	Aggregated channel bandwidth (PCC+SCC)
	Wgap [MHz]
	UL PCC allocation
	PC3
(1x23dBm)
[dBm/MBW]
	PC2 single TX
(1x26dBm)
[dBm/MBW]
	PC2 dual Tx
(23+23dBm)
[dBm/MBW]

	CA_n71(2A)
	15/15
	15MHz + 10MHz
	10.0
	5 (RBstart = 2)
	-16.1
	-14.2
	-15.7/-15.5

	
	
	25MHz + 5MHz
	5.0
	20 (RBstart = 8)
	-14.1
	-12.1
	-13.7/-13.5



Figure 1 shows the measured PA1 output spectrum for the legacy PCC+SCC 15MHz + 10MHz, Wgap=10MHz configuration at 27 dBm output power.
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[bookmark: _Ref163495614]Figure 1: PC3 PA output spectrum for CA_n71(2A) 15MHz+10MHz 5RBstart=2
2.1.3 One UL PC3 MSD
The MSD analysis can be found in the Annex.
The CA_n71B PC3 one uplink carrier MSD for SCC 5MHz is evaluated at 0.7dB. The MSD test point and text proposal based on [5] is captured in Proposal 1.
Proposal 1: For PC3, consider adopting the changes of Table 2 where it is proposed to:
1) Reduce the number of PC3 legacy test points from 6 to 1 by keeping only the PCC+SCC = 15MHz + 10MHz (22.2dB) and add “SCC” to the title of the column that captures “ΔRIBNC.
2) Introduce a PC3 test point specific to BCS4/5 and to UEs that support the symmetrical UL/DL CBW with PCC+SCC=25MHz + 5MHz and 23.7dB MSD for the 5MHz CBW SCC.
[bookmark: _Ref163495674]Table 2: Power class 3 intra-band non-contiguous CA reference sensitivity with one uplink carrier (Table 7.3A.2.2-1)
	CA configuration
	SCS
(kHz)
	Aggregated channel bandwidth (PCC+SCC)
	Wgap / [MHz]
	UL PCC allocation
	SCC
ΔRIBNC (dB)
	Duplex mode

	CA_n71(2A)
	15/15
	5MHz + 5MHz
	Wgap = 25.0
	5
	4.0
	FDD

	
	
	
	Wgap = 5.0
	20
	0.0
	

	
	
	10MHz + 5MHz
	Wgap = 20.0
	5 (RBstart = 9)
	4.6
	

	
	
	
	Wgap = 5.0
	20 (RBstart = 9)
	2.3
	

	
	
	15MHz + 10MHz
	Wgap = 10.0
	5 (RBstart = 2)
	22.2
	

	
	
	
	Wgap = 5.0
	20 (RBstart = 19)
	5.2
	

	
	
	25MHz + 5MHzX
	Wgap = 5.0
	20 (RBstart = 8)
	23.7
	

	NOTE 7: The carrier centre frequency of SCC in the DL operating band is configured closer to the UL operating band.
NOTE X: Applicable only to Bandwidth Combination Set 4 and 5 and for UEs supporting the symmetrical UL/DL channel bandwidths.



2.1.3 One UL PC2 MSD
The MSD analysis can be found in the Annex.
Proposal 2: For PC2, consider adopting the test points of Table 3 and new core requirement text highlighted in blue below.
[bookmark: _Ref165994381]For aggregation of two or more downlink FDD carriers with one uplink carrier, the power class 3 reference sensitivity is increased by ΔRIBNC only for the specific uplink and downlink test points which are specified in Table 7.3A.2.2-1. For power class 2, the reference sensitivity power level is increased by ΔRIBNC for specific uplink and downlink test points which are specified in Table 7.3A.2.2-1a. The requirements apply with all downlink carriers active. Unless given by Table 7.3.2-4, the reference sensitivity requirements shall be verified with the network signaling value NS_01 (Table 6.2.3.1-1) configured.
Table 3: Power class 2 intra-band non-contiguous CA reference sensitivity with one uplink carrier (new Table 7.3A.2.2-1a)
	CA configuration
	SCS
(kHz)
	Aggregated channel bandwidth (PCC+SCC)
	Wgap / [MHz]
	UL PCC allocation
	SCC
ΔRIBNC1 (dB)
	SCC
ΔRIBNC2 (dB)
	Duplex mode

	CA_n71(2A)
	15/15
	15MHz + 10MHz
	Wgap = 10.0
	5 (RBstart = 2)
	[24.1]
	[30.5]
	FDD

	
	
	25MHz + 5MHz1
	Wgap = 5.0
	20 (RBstart = 8)
	[25.7] 3
	[32.1] 3
	

	NOTE 1: Applicable to UE supporting PC2 with single Tx. 
NOTE 2: Applicable to UE supporting PC2 with dual Tx.
NOTE 3: Applicable only to BCS 4 and 5 and for UEs supporting the optional symmetrical UL/DL channel bandwidths.



3 Conclusion
In this contribution, the one uplink carrier SCC MSD requirements for CA_n71B for PC3 and PC2 operation are analyzed and we bring the following proposals for changes to TS 38.101-1. A companion draftCR is presented at this meeting to help capture the RAN4 agreements.

Proposal 1: For PC3, consider adopting the changes of Table 2 where it is proposed to:
Table 2: Power class 3 intra-band non-contiguous CA reference sensitivity with one uplink carrier (Table 7.3A.2.2-1)
	CA configuration
	SCS
(kHz)
	Aggregated channel bandwidth (PCC+SCC)
	Wgap / [MHz]
	UL PCC allocation
	SCC
ΔRIBNC (dB)
	Duplex mode

	CA_n71(2A)
	15/15
	5MHz + 5MHz
	Wgap = 25.0
	5
	4.0
	FDD

	
	
	
	Wgap = 5.0
	20
	0.0
	

	
	
	10MHz + 5MHz
	Wgap = 20.0
	5 (RBstart = 9)
	4.6
	

	
	
	
	Wgap = 5.0
	20 (RBstart = 9)
	2.3
	

	
	
	15MHz + 10MHz
	Wgap = 10.0
	5 (RBstart = 2)
	22.2
	

	
	
	
	Wgap = 5.0
	20 (RBstart = 19)
	5.2
	

	
	
	25MHz + 5MHzX
	Wgap = 5.0
	20 (RBstart = 8)
	23.7
	

	NOTE 7: The carrier centre frequency of SCC in the DL operating band is configured closer to the UL operating band.
NOTE X: Applicable only to Bandwidth Combination Set 4 and 5 and for UEs supporting the symmetrical UL/DL channel bandwidths.



Proposal 2: For PC2, consider adopting the test points of Table 3 and new core requirement text highlighted in blue below.
For aggregation of two or more downlink FDD carriers with one uplink carrier, the power class 3 reference sensitivity is increased by ΔRIBNC only for the specific uplink and downlink test points which are specified in Table 7.3A.2.2-1. For power class 2, the reference sensitivity power level is increased by ΔRIBNC for specific uplink and downlink test points which are specified in Table 7.3A.2.2-1a. The requirements apply with all downlink carriers active. Unless given by Table 7.3.2-4, the reference sensitivity requirements shall be verified with the network signaling value NS_01 (Table 6.2.3.1-1) configured.
Table 3: Power class 2 intra-band non-contiguous CA reference sensitivity with one uplink carrier (new Table 7.3A.2.2-1a).
	CA configuration
	SCS
(kHz)
	Aggregated channel bandwidth (PCC+SCC)
	Wgap / [MHz]
	UL PCC allocation
	SCC
ΔRIBNC1 (dB)
	SCC
ΔRIBNC2 (dB)
	Duplex mode

	CA_n71(2A)
	15/15
	15MHz + 10MHz
	Wgap = 10.0
	5 (RBstart = 2)
	[24.1]
	[30.5]
	FDD

	
	
	25MHz + 5MHz1
	Wgap = 5.0
	20 (RBstart = 8)
	[25.7] 3
	[32.1] 3
	

	NOTE 1: Applicable to UE supporting PC2 with single Tx. 
NOTE 2: Applicable to UE supporting PC2 with dual Tx.
NOTE 3: Applicable only to BCS 4 and 5 and for UEs supporting the optional symmetrical UL/DL channel bandwidths.
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5 Annex
MSD analysis for legacy test point: PCC+SCC 15MHz + 10MHz, Wgap = 10.0MHz, Lcrb= 5 (RBstart = 2).
[image: A screenshot of a computer

Description automatically generated]
· The PC3 MSD of 18.6dB is 3.6dB smaller than the agreed 22.2dB
· The PC2 single Tx MSD = 20.5dB, i.e. 1.9dB greater than the calculated PC3 MSD level. We therefore propose to apply this MSD increase to the agreed legacy test point, ie 22.2+1.9 = 24.1dB
· The PC2 dual Tx MSD = 26.9dB, i.e. 8.3dB greater than the calculated PC3 MSD level. We propose PC2 dual Tx MSD = 22.2 + 8.3 = 30.5dB.

MSD analysis new test point: PCC+SCC 25MHz + 5MHz, Wgap = 5.0MHz, Lcrb= 20 (RBstart = 8).
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