3GPP TSG-RAN WG4 Meeting # 108-bis									          R4-2316778
Xiamen, China, 9th October – 13th October, 2023
Title: 	n12 n14 n29 MSD due to UL CA_n5B
Agenda Item:	4.1.1.1
Source: 	Skyworks Solutions, Inc., 
Document for:	Approval
1	Background 
In this contribution, we review the Band n12, n14, and n29 MSD test points agreed upon in Way Forward (WF) [1] for Band 5 Power Class 3 (PC3) intra-band contiguous uplink (UL) carrier aggregation CA_n5B for CA_n5B-n12A, CA_n5B_n14A, and CA_n5B_n29A. We propose corrections to the agreed upon MSD test points based on UL CA_n5B IMD Power Amplifier (PA) measurements. 
2 Discussion
2.1 Power Amplifier Calibration
· Post PA losses: 4dB
· Power Class 3 (PC3) operation
· The PA linearity is calibrated using a 20 MHz channel bandwidth (CBW), 15 kHz SCS, QPSK, DFT-S-OFDM, with UL 100 RB configured at the lower channel edge to meet ACLR -30 dBc with 1 dB MPR.
· Local Oscillator (LO) leakage: -28 dBc
· IQ Image rejection: -28 dB
2.2 Corrections to the agreed upon MSD test points [1].
Table 1 below reproduces the agreed upon MSD test points for Band n12, n14, and n29 [1].

[bookmark: _Ref146559099]Table 1: Agreed upon MSD test points for CA_n5B-n12A, CA_n5B_n14A, CA_n5B_n29A [1]
	Band / Channel bandwidth / NRB / Duplex mode
	Source of IMD

	NR CA band combination
	NR band
	UL Fc 
(MHz)
	UL/DL BW 
(MHz)
	UL 
CLRB
	DL Fc (MHz)
	MSD 
(dB)
	Duplex mode
	

	CA_n5-n12
	n5
	829
	10
	1 (RBSTART=[0])
	874
	N/A
	FDD
	N/A

	
	
	839
	10
	1 (RBSTART=[52])
	884
	N/A
	
	

	
	n12
	N/A
	5
	N/A
	[743.5]
	TBD
	FDD
	[IMD9]

	CA_n5-n14
	n5
	829
	10
	1 (RBSTART=[0])
	874
	N/A
	FDD
	N/A

	
	
	839
	10
	1 (RBSTART=[52])
	884
	N/A
	
	

	
	n14
	N/A
	5
	N/A
	[765.5]
	TBD
	FDD
	[IMD7]

	CA_n5-n29
	n5
	829
	10
	1 (RBSTART=[0])
	874
	N/A
	FDD
	N/A

	
	
	839
	10
	1 (RBSTART=[52])
	884
	N/A
	
	

	
	n29
	N/A
	5
	N/A
	[725.5]
	TBD
	FDD
	[IMD11]



Regarding the Band n5 UL CA_n5B configuration:
· We identified a typo in the RBstart configuration of the Band n5 UL SCC: the correct UL Lcrb should be 1(RBstart=51). 
· It appears that the PCC/SCC UL Fc of 829 MHz and 839 MHz are not valid since they do not meet the nominal channel spacing defined in clause 5.4A.1 for intra-band contiguous CA operation.

In Figure 1, we present the measured MPR=0 IMDs for UL CA_n5B PCC/SCC 10 MHz Lcrb=1(RBstart=0) + 10 MHz 
Lcrb=1(RBstart=51) using DFT-s-OFDM SCS 15 (kHz) QPSK.

We observe:
· From Figure 1-right, it shows that IMD5 products may affect the Band n5 downlink 10 MHz CBW PCC and 10 MHz SCC. Thus, self-desense may occur for the agreed upon UL CA_n5B configuration. The PCC may be affected by the IMD5 product of the UL RB with the local oscillator leakage. Consequently, its PSD is lower than that of the IMD5 affecting the SCC, which is the result of the intermodulation of the PCC and the SCC RB. The Band n5 MSD is not specified, since the UL CA_n5B configuration of Table 1 differs from the agreed upon MSD test point for CA_n5B [2].
· From Figure 1-left, it shows that:
· For Band n14, the IMD7 is entirely captured by the upper 5 MHz DL channel, so this test point is correct.
· For Band n12, the IMD9 "lands" outside the upper 5 MHz DL channel. The Band n12 DL channel is affected by the PA + RF transceiver noise floor, which may be assumed with a near flat PSD of ~ -125 dBm/Hz. This MSD test point needs to be revisited.
· For Band n29, the IMD11 "lands" outside the upper 5 MHz DL channel. In this case, it may also be assumed that the Band n29 DL channel is affected by a flat noise PSD of ~ -125 dBm/Hz. This MSD test point needs to be revisited.
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[bookmark: _Ref146559655]Figure 1: Measured IMDs in the upper 5MHz DL channels of Band n12, n14, n29 (left) and in the Band n5 PCC and SCC (right)

Observation 1: For the agreed upon MSD test points [1]:
· The UL CA_n5B PCC/SCC UL Fc configurations do not meet the nominal channel spacing defined in clause 5.4A.1 for intra-band contiguous CA operation. It may be useful to clarify the selection of the closest valid NR-ARFCN.
· Band n5 PCC/SCC self de-sense may occur. Since the configuration in Table 1 does not correspond to the agreed upon CA_n5B MSD test point [2], the corresponding MSD is not specified. It may be useful to ensure this is noted to prevent radio link failure during conformance testing.
· For Band n14, the IMD7 is entirely captured by the upper 5 MHz DL channel, so this test point is correct, and brackets may be removed.
· For Band n12 and n29 respectively, the IMD9 and IMD11 "land" outside the upper DL 5 MHz channels. These test points need to be revisited.

Since the IMD reach has already been maximized in [1], we considered the decay of the IMD level shown in Figure 1. It appears that the only option to maximize the Band n12 and n29 MSD is to adjust the Band n5 UL Lcrb RBstart to ensure collision with the next IMD order. This option ensures that the IMD 11 and IMD13 overlaps the Band n12 and Band n29 upper 5 MHz DL channel. One tentative counter proposal is captured in Table 2/proposal 1.

Proposal 1: Tentatively adopt the MSD test points of Table 2 to evaluate, via simulation/measurements, the upper 5 MHz DL channels for Band n12, n14, and n29 due to UL CA_n5B 10 MHz+10 MHz operation.

[bookmark: _Ref146561793]Table 2: Tentative MSD test point counter proposal
	Band / Channel bandwidth / NRB / Duplex mode
	Source of IMD

	NR CA band combination
	NR band
	UL Fc 
(MHz)
	UL/DL BW 
(MHz)
	UL 
LCRB
	DL Fc (MHz)
	MSD 
(dB)
	Duplex mode
	

	CA_n5-n12
	n5Z
	829
	10
	1 (RBSTART=[7])
	874
	N/AX
	FDD
	IMD5X

	
	
	839
	10
	1 (RBSTART=[44])
	884
	N/AY
	
	IMD5Y

	
	n12
	N/A
	5
	N/A
	743.5
	TBD
	FDD
	[IMD11]

	CA_n5-n14
	n5Z
	829
	10
	1 (RBSTART=0)
	874
	N/AY
	FDD
	IMD5Y

	
	
	839
	10
	1 (RBSTART=51)
	884
	N/AX
	
	IMD5X

	
	n14
	N/A
	5
	N/A
	765.5
	TBD
	FDD
	[IMD7]

	CA_n5-n29
	n5Z
	829
	10
	1 (RBSTART=[7])
	874
	N/AX
	FDD
	IMD5X

	
	
	839
	10
	1 (RBSTART=[44])
	884
	N/AY
	
	IMD5Y

	
	n29
	N/A
	5
	N/A
	725.5
	TBD
	FDD
	[IMD13]

	NOTE X: This component carrier is affected by IMD5 for which the MSD is not specified.
NOTE Y: This component carrier is affected by IMD5 of the local oscillator leakage and uplink RB for which the MSD is not specified.
NOTE Z: For this MSD test point, the closest NR-ARFCN as specified in clause 5.4.2 that complies to the nominal channel spacing for intra-band contiguous CA defined in clause 5.4A.1 applies.



Finally, we acknowledge that for intra-band UL-CA IMD products that may affect an inter-band DL carrier, RAN4 has agreed that the MSD should not be analyzed for IMD orders higher than 11. This agreement was based on the assumption that 1) the IMD3 may not exceed the -13 dBm/MHz threshold due to spectrum emission mask (SEM) requirements, 2) the level of the higher order IMD products decay monotically, and hence, the IMD13 level may be assumed sufficiently low to cause any desense.
The initial measurements shown in Figure 1 indicate a monotonic decay of the IMD 7, 9, and 11 levels at a rate that is lower than previously assumed. These preliminary measurements were captured at MPR0. These may need to be verified across different PAs and at different MPRs. However, the question of which assumption should be adopted to evaluate the IMD power levels remains open. We propose to evaluate the following two options to assess Band n12, n14, and n29 MSD.
Proposal 2: To evaluate the IMD 7, 11, 13 affecting the DL Band n12, n14, and n29 channels, we invite interested companies to discuss which option is preferred for simulation/measurement results:
Option 1: Evaluate IMD levels using full MPR allowance. For the example UL CA_n5B configuration of 10 MHz+10 MHz, 1(RBstart=0) + 1(RBstart=51), assume that the -13 dBm/MHz threshold is guaranteed by taking the full 5.5 dB MPR allowance for DFT-s-OFDM QPSK.
Option 2: Evaluate IMD levels using MPR=0. Option 2 assumes that the IMD3 -13 dBm/MHz is met thanks to a given filter rejection over the IMD3 frequency range. Another set of assumptions is needed for filter rejection over the IMD 7, 9, 11, and 13 frequency ranges.
3 Conclusion
In this contribution, we have presented MSD test point corrections based on Observation 1 and PA measurements, and we make the following proposals.
Observation 1: For the agreed upon MSD test points [1]:
· The UL CA_n5B PCC/SCC UL Fc configurations do not meet the nominal channel spacing defined in clause 5.4A.1 for intra-band contiguous CA operation. It may be useful to clarify the selection of the closest valid NR-ARFCN.
· Band n5 PCC/SCC self de-sense may occur. Since the configuration in Table 1 does not correspond to the agreed upon CA_n5B MSD test point [2], the corresponding MSD is not specified. It may be useful to ensure this is noted to prevent radio link failure during conformance testing.
· For Band n14, the IMD7 is entirely captured by the upper 5 MHz DL channel. This test point is correct, and brackets may be removed.
· For Band n12 and n29 respectively, the IMD9 and IMD11 "land" outside the upper DL 5 MHz channels. These test points need to be revisited.

Proposal 1: Tentatively adopt the MSD test points of Table 2 to evaluate, via simulation/measurements, the upper 5 MHz DL channels for Band n12, n14, and n29 due to UL CA_n5B 10 MHz+10 MHz operation.

Table 2: Tentative MSD test point counter proposal
	Band / Channel bandwidth / NRB / Duplex mode
	Source of IMD

	NR CA band combination
	NR band
	UL Fc 
(MHz)
	UL/DL BW 
(MHz)
	UL 
CLRB
	DL Fc (MHz)
	MSD 
(dB)
	Duplex mode
	

	CA_n5-n12
	n5Z
	829
	10
	1 (RBSTART=[7])
	874
	N/AX
	FDD
	IMD5X

	
	
	839
	10
	1 (RBSTART=[44])
	884
	N/AY
	
	IMD5Y

	
	n12
	N/A
	5
	N/A
	743.5
	TBD
	FDD
	[IMD11]

	CA_n5-n14
	n5Z
	829
	10
	1 (RBSTART=0)
	874
	N/AY
	FDD
	IMD5Y

	
	
	839
	10
	1 (RBSTART=51)
	884
	N/AX
	
	IMD5X

	
	n14
	N/A
	5
	N/A
	765.5
	TBD
	FDD
	[IMD7]

	CA_n5-n29
	n5Z
	829
	10
	1 (RBSTART=[7])
	874
	N/AX
	FDD
	IMD5X

	
	
	839
	10
	1 (RBSTART=[44])
	884
	N/AY
	
	IMD5Y

	
	n29
	N/A
	5
	N/A
	725.5
	TBD
	FDD
	[IMD13]

	NOTE X: This component carrier is affected by IMD5 for which the MSD is not specified.
NOTE Y: This component carrier is affected by IMD5 of the local oscillator leakage and uplink RB for which the MSD is not specified.
NOTE Z: For this MSD test point, the closest NR-ARFCN as specified in clause 5.4.2 that complies to the nominal channel spacing for intra-band contiguous CA defined in clause 5.4A.1 applies.



Proposal 2: To evaluate the IMD 7, 11, 13 affecting the DL Band n12, n14, and n29 channels, we invite interested companies to discuss which option is preferred for simulation/measurement results:
Option 1: Evaluate IMD levels using a full MPR allowance. For the example UL CA_n5B configuration of 10 MHz+10 MHz, 1(RBstart=0) + 1(RBstart=51), assume that the -13 dBm/MHz threshold is guaranteed by taking the full 5.5 dB MPR allowance for DFT-s-OFDM QPSK.
Option 2: Evaluate IMD levels using MPR=0. Option 2 assumes that the IMD3 -13 dBm/MHz is met thanks to a given filter rejection over the IMD3 frequency range. Another set of assumptions is needed for filter rejection over the IMD 7, 9, 11, 13 frequency ranges.
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