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1 Introduction 
This contribution presents guidelines to simplify the harmonic (UL and Rx mixing) MSD evaluation of inter-band CA band combinations with one FDD power class 2 (PC2) band based on the agreed Way Forward [1].
2 Discussion

The number of PC2 FDD MSD analyses for inter-band CA combinations is bound to increase significantly due to the recent completion of PC2 for several FDD bands. It is therefore important to define a set of rules or guidelines to help reduce the MSD analysis workload and to help minimize inconsistencies between text proposals. In the last meeting’s WF [1], interested companies were invited to propose ways to simplify the PC2 single Tx and the PC2 dual Tx MSD requirements based on the agreed PC3 MSD test point, whenever such MSD is specified/available. The concept of so called “PC2 MSD classes” was proposed and is reproduced below. 
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The initial step consists in evaluating or re-evaluating the baseline single Tx PC3 interference level that corresponds to the agreed PC3 MSD. This baseline interference level may vary significantly depending on the power imbalance of interference affecting the primary versus the diversity antenna port. In many MSD analyses, it is quite common that MSD is calculated with ~9dB imbalance. This is due to the 10dB antenna-to-antenna isolation assumption. However, depending on RF-FE assumptions and other contributors such as IIP2, the power imbalance may range from 0 to 16dB.  The MSD analysis results can be found in the Annex in which we assume the following, where PC2Pint = PC2 (1Tx) interference level – PC3 interference level:

· For harmonic MSD, we assume PC2Pint = 2.9dB. We do not assume 3dB to account for slightly better PC2 power amplifier (PA) linearity than the PC3 PA. Sample measurement data can be found in clause 2.4.
· For cross-band isolation interference:
· PC2Pint scales with the IMD order. Sample measurements in clause 2.4 show that as a rule of thumb, one may assume:
· PC2Pint ~ 3dB in the ACLR 1 range.
· PC2Pint ~ 6dB in the ACLR 2 range.
· In > ACLR 2 range, measurements or simulation data are required.
· Consequently, in this document we focus only on harmonic interference and intend to come to thenext meeting with cross-band isolation guidelines.
· REFSENS/MSD is evaluated using MRC combining and -1dB SNR, and:
· For single Tx PC3 / single Tx PC2, we evaluate 3 scenarios: 0dB, 6dB and/or 9dB power imbalance assumptions.
· For dual Tx PC2 (PC3+PC3) or for PC1.5 (PC2+PC2), we assume that the harmonic interference is equally applied to both antenna ports and we evaluate two additional cases:
· Impact of 0.5dB reverse IMD; and 
· No reverse IMD impact.
2.1 	Deriving the FDD PC2 single Tx MSD from the PC3 MSD
[bookmark: _Ref103591637]CA_n3-n78 is the only completed band combination in which Band n78 is affected by the Band n3 PC2 operation. We summarize in Table 1 the agreed PC3, PC2 1Tx and PC2 2Tx MSD and we use “PC21Tx / PC22Tx” to denote respectively the difference between the PC3 MSD and the agreed PC2 1Tx / PC2 2Tx MSD. In Table 2 we capture the interference power ratio imbalance used to evaluate the band n78 MSD from [2,3,4].
[bookmark: _Ref166360154]Table 1: Agreed Band n78 PC3, PC2 UL harmonic MSD requirements for CA_n3-n78 (Rel-18.5.0).
	UL band
	DL band
	UL BW
	SCS of UL band
	UL RB Allocation
	DL BW
	PC3
MSD
	PC2 1Tx
MSD
	PC 2Tx
MSD
	PC21Tx 
	PC22Tx

	
	
	(MHz)
	(kHz)
	LCRB
	(MHz)
	(dB)
	(dB)
	(dB)
	(dB)
	(dB)

	n3
	n78
	5
	15
	25 (RBstart=0)
	10
	23.9
	27.1
	32.3
	3.2
	8.4

	n3
	n78
	10
	15
	50 (RBstart=0)
	100
	13.8
	16.6
	N/A
	2.8
	N/A



[bookmark: _Ref166360197]Table 2: Agreed Band n78 PC3, PC2 UL harmonic MSD requirements for CA_n3-n78 (Rel-18.5.0).
	PC2 1Tx interference
primary/diversity imbalance (dB)
	PC2 2Tx interference
primary/diversity imbalance (dB)
	Reference

	16
	14.1
	[2]

	6.3
	3.3
	[3]

	2.4
	0
	[4]



To verify the impact of different power imbalance assumptions of Table 2, we plot in Figure 1:
· With orange dots: a survey of PC2 (single Tx) derived using the Rel-18 agreed Rx harmonic mixing PC3/PC2 MSD test points.
· With blue/green lines: the PC21Tx calculated using the PC3 interference level corresponding to respectively 0dB/9dB imbalance the primary and the diversity antenna port.
· With blue triangles: the band n78 10MHz and 100MHz CBW PC21Tx (3.2/2.8dB).

[image: ]
[bookmark: _Ref166336203]Figure 1: Specified versus calculated PC2 based on the Rel-18 Rx Harmonic mixing PC3 / PC2 test points. 
Figure 1 shows that:
· Under the assumption of 0dB power imbalance, the specified and the calculated PC21Tx are in good agreement.
· The agreed band n78 10MHz/100MHz PC21Tx of 3.2dB/2.8dB is consistent with the Rel-18 PC21Tx survey data.
· For PC3 MSD > 10dB, PC21Tx reaches a plateau at ~3dB.
· For PC3 MSD < 10dB, a 9dB power imbalance does not significantly impact the relationship between the PC3 MSD and PC21Tx, i.e.:
· The concept of “PC2 MSD classes” seems feasible. 
· The survey indicates that the agreed PC2 MSD for Rx harmonic mixing was derived assuming 0dB power imbalance.
· For 9dB imbalance, PC21Tx is slightly lower than for 0dB imbalance. 0dB imbalance therefore represents a worst-case.
· The number of such “MSD classes” depends on the accuracy and the granularity desired to capture the “simplified MSD levels.” One may consider, for example, the look-up table of Table 3 where five “PC2 MSD classes” are proposed to derive the PC2 1Tx MSD with 0.5dB granularity based on the band combination’s agreed PC3 MSD. A smaller number of “classes” may be considered if we wanted to achieve say, 1dB MSD granularity.

[bookmark: _Ref166352928]Table 3: Example of PC2 (single TX) simplified MSD based on five MSD classes.
	Agreed PC3 MSD
	Proposed 
PC2 1Tx MSD
simplification1
	PC2 MSD “class”
(informative)

	PC3 MSD ≥ 10dB
	3.0dB
	1

	5.0dB ≤ PC3 MSD < 10dB
	2.5dB
	2

	3.0dB ≤ PC3 MSD < 5.0dB
	2.0dB
	3

	1.8dB ≤ PC3 MSD < 3.0dB
	1.5dB
	4

	1.0dB ≤ PC3 MSD < 1.8dB
	1.0dB
	5

	PC3 MSD < 1.0dB or no PC3 MSD
	Analyse case by case
	grey zone (Fig1)

	NOTE 1: This PC2 1Tx MSD class-set assumes an equal level of interference between the primary antenna and the diversity antenna.



Observation 1: A survey of the agreed Rel-18 PC3 and PC2 Rx harmonic mixing MSD test points indicate that:
· For PC3 MSD greater than 10dB, PC21Tx is ~3dB.
· For PC3 MSD less than 10dB, the WF [1] concept of “MSD classes” to derive simply the PC2 (single Tx) and the PC1.5 (dual Tx) MSD from a given PC3 MSD level is feasible. For example, in Table 1 five MSD “classes” may be used to specify the PC2 MSD from the PC3 MSD level with 0.5dB granularity.
· PC21Tx is not significantly impacted by different power imbalance assumptions. The 0dB imbalance represents a worst-case and may be used to propose a simplified PC2 1Tx MSD look-up table.
Based on Observation 1, we propose the following PC2 1Tx MSD simplification.

Proposal 1: Consider adopting the PC2 1Tx MSD look-up of Table 4 with five MSD “classes” and a 0.5dB MSD granularity. This table may be used to simplify the PC2 1Tx MSD analysis for PC2 TDD or PC2 FDD band.

[bookmark: _Ref166431816]Table 4: PC2 single-Tx simplified MSD based on the concept of five MSD classes.
	Agreed PC3 MSD
	Proposed 
PC2 1Tx MSD
simplification1

	PC3 MSD ≥ 10dB
	3.0dB

	5.0dB ≤ PC3 MSD < 10dB
	2.5dB

	3.0dB ≤ PC3 MSD < 5.0dB
	2.0dB

	1.8dB ≤ PC3 MSD < 3.0dB
	1.5dB

	1.0dB ≤ PC3 MSD < 1.8dB
	1.0dB

	PC3 MSD < 1.0dB or no PC3 MSD
	Analysis case by case

	NOTE 1: This set of PC2 single-Tx MSD class assumes an equal level of interference between the primary antenna and the diversity antenna.



For non-existent PC3 MSD, or PC3 MSD less than 0.5dB, the case-by-case analysis may follow the guidelines [5]. 

2.2	Deriving the TDD PC1.5 MSD from the PC3 MSD
In Figure 2 we plot present a similar analysis to establish a relationship between the PC1.5 MSD and the agreed “baseline” PC3 MSD, with: 
· Orange dots: a survey of PC1.5 derived using the Rel-18 agreed Rx harmonic mixing PC3/PC1.5 MSD test points;
· Dark and light blue lines plot the calculated PC1.5 (dual TX) assuming respectively 0.5dB and no reverse IMD and equal harmonic interference level affecting both the primary and the diversity antenna port.
[image: ]
[bookmark: _Ref166350719]Figure 2: Specified versus calculated PC1.5 based on the Rel-18 Rx Harmonic mixing PC3 / PC1.5 test points. 
Figure 2 shows there is a good agreement between the specified and the calculated PC1.5 if we ignore the impact of reverse IMD. Similar to the example of PC2 MSD simplification of Table 1, we provide in Table 2 a look-up table with five “PC1.5 MSD classes” that provide PC1.5 MSD based on the agreed PC3 MSD with a 1B granularity. A smaller number of “classes” may be considered if we wanted to achieve a smaller MSD granularity.

[bookmark: _Ref166353898]Table 2: Example of PC1.5 (dual TX) simplified MSD based on five MSD classes.
	Agreed PC3 MSD
	PC1.5 MSD
simplification1
	PC1.5 MSD “class”
(informative)

	PC3 MSD ≥ 10dB
	[6.0]dB
	1

	4.5dB ≤ PC3 MSD < 10dB
	[5.0]dB
	2

	2.5dB ≤ PC3 MSD < 4.5dB
	[4.0]dB
	3

	1.5dB ≤ PC3 MSD < 2.5dB
	[3.0]dB
	4

	0.8dB ≤ PC3 MSD < 1.5dB
	[2.0]dB
	5

	PC3 MSD < 0.8dB or no PC3 MSD
	Analysis case by case
	grey zone (Fig2)

	NOTE 1: This PC1.5 MSD class-set assumes an equal level of interference between the primary antenna and the diversity antenna and no reverse IMD.



Observation 2: A survey of the Rel-18 PC3 and PC1.5 Rx harmonic mixing MSD test points indicate that for:
· PC3 MSD greater than 10dB:
· PC1.5 is ~6dB. 
· The difference between the PC1.5MSD and the PC2 MSD, i.e. between dual-Tx PC2+PC2 MSD and 1Tx PC2 MSD is ~3dB. This is true only when reverse IMD is not accounted for, therefore implying that reverse IMD was not considered.
· For PC3 MSD less than 10dB: 
· The WF [1] concept of “MSD classes” to derive simply the PC2 (single Tx) and the PC1.5 (dual Tx) MSD from a given PC3 MSD level is feasible. 
· For example, the five MSD “classes” of Table 1 may be used to specify the PC2 MSD from the PC3 MSD level with 0.5dB granularity.
Proposal 2: For PC1.5 consider adopting the MSD simplification of Table 2.
[bookmark: _Ref166371343]Table 2: Example of PC1.5 (dual TX) simplified MSD based on five MSD classes.
	Agreed PC3 MSD
	PC1.5 MSD
simplification1

	PC3 MSD ≥ 10dB
	[6.0]dB

	4.5dB ≤ PC3 MSD < 10dB
	[5.0]dB

	2.5dB ≤ PC3 MSD < 4.5dB
	[4.0]dB

	1.5dB ≤ PC3 MSD < 2.5dB
	[3.0]dB

	0.8dB ≤ PC3 MSD < 1.5dB
	[2.0]dB

	PC3 MSD < 0.8dB or no PC3 MSD
	Analysis case by case

	NOTE 1: This set of PC1.5 MSD assumes an equal level of interference between the primary antenna and the diversity antenna and no reverse IMD.


2.3	Deriving the FDD PC2 dual-Tx MSD from the PC3 MSD
To account for TP [2,3,4] spread of power imbalance assumed for the MSD analysis of CA_n3-n78 (Table 4), we extend the PC1.5 analysis of clause 2.2 in Figure 4 by re-evaluating the PC3 interference level assuming 0dB (blue), 6dB (orange) and 9dB (green). Plain/dashed lines show respectively the results without and with 0.5dB reverse IMD.
[image: ]
[bookmark: _Ref166366256]Figure 4: Specified vs calculated PC2 2Tx for 0dB, 6dB and 9dB imbalance.
The blue triangle in Figure 4 shows the agreed CA_n3-n78 10MHz PC22Tx is 8.4dB. Based on the PC1.5 survey and observation 2, one would have expected a PC22Tx of ~ 6dB, not 8.4dB. Figure 4 shows the agreed band n78 PC2 dual MSD corresponds to an equivalent of 9dB power imbalance and 0.5dB reverse IMD. Considering the interference imbalance will inevitably vary from company to company due to different RF-FE assumptions, we present in Table 6 three sets of PC2 2Tx “MSD classes,” one for each of the power imbalance assumption (0,6,9dB).

Proposal 3: For PC2 dual-Tx, consider adopting the MSD simplification of Table 6. For cases of non-existent PC3 MSD, or PC3 MSD less than 1dB, the case-by-case analysis may follow the guidelines proposed in [5]. 

Table 6: MSD class-sets for simplified PC2 dual-TX MSD.
	Agreed PC3 MSD
	PC2 2Tx
MSD1
	Agreed PC3 MSD
	PC2 2Tx
MSD2
	Agreed PC3 MSD
	PC2 2Tx
MSD3

	[dB]
	[dB]
	[dB]
	[dB]
	[dB]
	

	PC3 MSD ≥ 10dB
	[3.0]
	PC3 MSD ≥ 13dB
	[5.5]
	PC3 MSD ≥ 15dB
	[8.0]

	5.0dB ≤ PC3 MSD < 10dB
	[2.5]
	7dB ≤ PC3 MSD < 13dB
	[4.5]
	8.5dB ≤ PC3 MSD < 15dB
	[7.0]

	3.0dB ≤ PC3 MSD < 5.0dB
	[2.0]
	4.5dB ≤ PC3 MSD < 7dB
	[3.5]
	6.5dB ≤ PC3 MSD < 8.5dB
	[6.0]

	1.8dB ≤ PC3 MSD < 3.0dB
	[1.5]
	2.5dB ≤ PC3 MSD < 4.5dB
	[2.5]
	4.5dB ≤ PC3 MSD < 6.5dB
	[5.0]

	1.0dB ≤ PC3 MSD < 1.8dB
	[1.0]
	1.0dB ≤ PC3 MSD < 2.5dB
	[1.5]
	3.5dB ≤ PC3 MSD < 4.5dB
	[4.0]

	PC3 MSD < 1.0dB or no PC3 MSD
	[FFS]
	PC3 MSD < 1.0dB or no PC3 MSD
	[FFS]
	2.5dB ≤ PC3 MSD < 3.5dB
	[3.0]

	
	1.0dB ≤ PC3 MSD < 3.5dB
	[2.0]

	
	PC3 MSD < 1.0dB or no PC3 MSD
	[FFS]

	NOTE 1: This set of PC2 dual-Tx MSD assumes an equal level of interference between the primary antenna and the diversity antenna.
NOTE 2: This set  of PC2 dual-Tx MSD assumes an 6dB lower interference on diversity than on primary antenna port. 
NOTE 3: This set of PC2 dual-Tx MSD assumes an 9dB lower interference on diversity than on primary antenna port. 



2.4	1Tx PC2 interference level vs 1Tx PC3
2.4	.1 Cross-band isolation interference levels
Figure 4 shows the measured 1Tx PC3 and 1Tx PC2 PA output spectrum with PA linearity calibrated for -31dBc ACLR and -30dBc ACLR at MPR1 respectively and we measure in 4.515MHz measurement bandwidth:
· Upper ACLR 1 range:
· PC21Tx = 2.6dB at 2545MHz;
· PC21Tx = 3.0dB at 2555MHz;
· PC21Tx = 3.5dB at 2565MHz.

· Upper ACLR 2 range:
· PC21Tx = 4.8dB at 2585MHz;
· PC21Tx = 6.5dB at 2595MHz;
· PC21Tx = 6.4dB at 2605MHz.
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[bookmark: _Ref166408085]Figure 4: Measured PC3 and PC2 PA output spectrum for DFT-s-OFDM QPSK SCS 15kHz 40MHz Lcrb = 216RB0.
Measurements or simulations are needed to evaluate accurately PC21Tx  for ranges greater than ACLR2.
2.4	.2 Harmonic interference levels
Figure 5 is reproduced from [6] and shows that the measured 1Tx PC2 harmonic four interference (blue) is approximately 3dB higher than the 1Tx PC3 harmonic level. In this contribution we assume a 2.9dB power difference to account for slightly better PC2 PA linearity than PC3 PA.
[image: ]
[bookmark: _Ref163171240]Figure 5: Measured PC3 and PC2 PA fourth uplink harmonic (UL4) PSD of Band n25 lower-most 5MHz channel for DFT-s-OFDM QPSK SCS 15kHz waveform with LCRB = 25 RB. Vertical axis: 3dB/division.
3 Conclusion
In this contribution we propose PC2 and PC1.5 MSD simplifications based on the concept of MSD “classes” [1]. Regarding Proposal 3, we look forward to further discussing with interested companies how to reduce to only one MSD class-set. For consistency with PC1.5 test points, it would make sense to adopt the look-up corresponding to 0dB imbalance i.e., a maximum of 3dB MSD difference between PC2 2Tx and PC2 1Tx.
Observation 1: A survey of the agreed Rel-18 PC3 and PC2 Rx harmonic mixing MSD test points indicate that:
· For PC3 MSD greater than 10dB, PC21Tx is ~3dB.
· For PC3 MSD less than 10dB, the WF [1] concept of “MSD classes” to derive simply the PC2 (single Tx) and the PC1.5 (dual Tx) MSD from a given PC3 MSD level is feasible. For example, in Table 1 five MSD “classes” may be used to specify the PC2 MSD from the PC3 MSD level with 0.5dB granularity.
· PC21Tx is not significantly impacted by different power imbalance assumptions. The 0dB imbalance represents a worst-case and may be used to propose a simplified PC2 1Tx MSD look-up table.
Based on Observation 1, we propose the following PC2 1Tx MSD simplification.

Proposal 1: Consider adopting the PC2 1Tx MSD look-up of Table 4 with five MSD “classes” and a 0.5dB MSD granularity. This table may be used to simplify the PC2 1Tx MSD analysis for PC2 TDD or PC2 FDD band.

Table 4: PC2 single-Tx simplified MSD based on the concept of five MSD classes.
	Agreed PC3 MSD
	Proposed 
PC2 1Tx MSD
simplification1

	PC3 MSD ≥ 10dB
	3.0dB

	5.0dB ≤ PC3 MSD < 10dB
	2.5dB

	3.0dB ≤ PC3 MSD < 5.0dB
	2.0dB

	1.8dB ≤ PC3 MSD < 3.0dB
	1.5dB

	1.0dB ≤ PC3 MSD < 1.8dB
	1.0dB

	PC3 MSD < 1.0dB or no PC3 MSD
	Analysis case by case

	NOTE 1: This set of PC2 single-Tx MSD class assumes an equal level of interference between the primary antenna and the diversity antenna.



For non-existent PC3 MSD, or PC3 MSD less than 0.5dB, the case-by-case analysis may follow the guidelines [5]. 

Proposal 2: For PC1.5 consider adopting the MSD simplification of Table 2.
Table 2: Example of PC1.5 (dual TX) simplified MSD based on five MSD classes.
	Agreed PC3 MSD
	PC1.5 MSD
simplification1

	PC3 MSD ≥ 10dB
	[6.0]dB

	4.5dB ≤ PC3 MSD < 10dB
	[5.0]dB

	2.5dB ≤ PC3 MSD < 4.5dB
	[4.0]dB

	1.5dB ≤ PC3 MSD < 2.5dB
	[3.0]dB

	0.8dB ≤ PC3 MSD < 1.5dB
	[2.0]dB

	PC3 MSD < 0.8dB or no PC3 MSD
	Analysis case by case

	NOTE 1: This set of PC1.5 MSD assumes an equal level of interference between the primary antenna and the diversity antenna and no reverse IMD.



Proposal 3: For PC2 dual-Tx, consider adopting the MSD simplification of Table 6. For cases of non-existent PC3 MSD, or PC3 MSD less than 1dB, the case-by-case analysis may follow the guidelines proposed in [5]. 
Table 6: MSD class-sets for simplified PC2 dual-TX MSD.
	Agreed PC3 MSD
	PC2 2Tx
MSD1
	Agreed PC3 MSD
	PC2 2Tx
MSD2
	Agreed PC3 MSD
	PC2 2Tx
MSD3

	[dB]
	[dB]
	[dB]
	[dB]
	[dB]
	

	PC3 MSD ≥ 10dB
	[3.0]
	PC3 MSD ≥ 13dB
	[5.5]
	PC3 MSD ≥ 15dB
	[8.0]

	5.0dB ≤ PC3 MSD < 10dB
	[2.5]
	7dB ≤ PC3 MSD < 13dB
	[4.5]
	8.5dB ≤ PC3 MSD < 15dB
	[7.0]

	3.0dB ≤ PC3 MSD < 5.0dB
	[2.0]
	4.5dB ≤ PC3 MSD < 7dB
	[3.5]
	6.5dB ≤ PC3 MSD < 8.5dB
	[6.0]

	1.8dB ≤ PC3 MSD < 3.0dB
	[1.5]
	2.5dB ≤ PC3 MSD < 4.5dB
	[2.5]
	4.5dB ≤ PC3 MSD < 6.5dB
	[5.0]

	1.0dB ≤ PC3 MSD < 1.8dB
	[1.0]
	1.0dB ≤ PC3 MSD < 2.5dB
	[1.5]
	3.5dB ≤ PC3 MSD < 4.5dB
	[4.0]

	PC3 MSD < 1.0dB or no PC3 MSD
	[FFS]
	PC3 MSD < 1.0dB or no PC3 MSD
	[FFS]
	2.5dB ≤ PC3 MSD < 3.5dB
	[3.0]

	
	1.0dB ≤ PC3 MSD < 3.5dB
	[2.0]

	
	PC3 MSD < 1.0dB or no PC3 MSD
	[FFS]

	NOTE 1: This set of PC2 dual-Tx MSD assumes an equal level of interference between the primary antenna and the diversity antenna.
NOTE 2: This set  of PC2 dual-Tx MSD assumes an 6dB lower interference on diversity than on primary antenna port. 
NOTE 3: This set of PC2 dual-Tx MSD assumes an 9dB lower interference on diversity than on primary antenna port. 
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5 Annex
image1.png
It is proposed to study guidelines along this line of thought as examples. The granularity/number of
cases may be refined, the idea is to start building some sort of PC2 MSD classes.

o Caset:

1Tx PC3 MSD is specified ahd MSD value is >= [10]dB. then MSD class I could be:
1Tx PC3 MSD + [3]dB,
1Tx PC2 MSD + [3]dB.

o Case2:

1Tx PC3 MSD is specified and [3]<= MSD value< [10]dB, then MSD class Il could be:
1Tx PC3 MSD + [2]dB,
1Tx PC2 MSD + [2]dB.

o Case3:
1Tx PC3 MSD is not specified or its value is <[3]dB, then:
o Companies are invited to provide guidelines on how to
= 1) evaluate or re-evaluate the baseline 1Tx PC3 interference levels,
= 2)evaluate the 1Tx PC2 MSD and,
= 3)evaluate the 2Tx PC2 MSD .

o An example of such guidelines can be found in [2] for the example of CA_n71B
BCS4/5 SCC MSD and reminded in the Annex.

Other guidelines to help simplify writing TP for TRs for PC2 FDD are not precluded.
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