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Introduction
This contribution evaluates the MSD for CA combinations between Bands n2, n5, and n66 with Band n77 for PC2 transmit power levels.  Both harmonic MSD as well as 2UL IMD MSD is considered.  The baseline analysis from E-UTRA is used to derive NR values; additionally, more aggressive PCB isolation assumptions are taken to improve upon the MSD values.  With the conservative PCB isolation values used so far in RAN4, the resulting MSD values are too large to be useful for deployment.  To verify feasibility of more aggressive MSD values, measurements were taken on a prototype device.
Discussion
The MSD’s for inter-band UL carrier aggregation between Band n77 and Bands n2, n5, and n66 are shown below for harmonic interference in Table 1 and 2UL IMD inteference in Table 2.  
2nd harmonic from n2, 4th and 5th harmonic from n5, and 2nd harmonic from n66.
Table 1.  MSD for harmonics excerpted from Table 7.3A.4-1 of 38.101-1
	MSD due to harmonic exception for the DL band

	UL band
	DL band
	5 MHz
	10 MHz
	15 MHz
	20 MHz
	25 MHz
	30 MHz
	40 MHz
	50 MHz
	60 MHz
	80 MHz
	90 MHz
	100 MHz

	
	
	dB
	dB
	dB
	dB
	dB
	dB
	dB
	dB
	dB
	dB
	dB
	dB

	n2
	n771, 2
	
	23.9
	22.1
	20.9
	19.8
	19.0
	17.9
	16.8
	16.0
	15.5
	14.8
	14.3

	
	n773
	
	1.1
	0.8
	0.3
	0.1
	
	
	
	
	
	
	

	n5
	n774, 5
	
	10.5
	8.9
	7.8
	7.2
	6.5
	5.1
	4.2
	3.5
	2.8
	2.3
	2.1

	n5
	n776,7
	
	10.4
	8.9
	7.8
	7.4
	6.5
	4.7
	3.7
	3
	2.35
	1.7
	1.2

	n66
	n771, 2
	
	23.9
	22.1
	20.9
	19.8
	19.0
	17.9
	16.8
	16.0
	15.3
	14.8
	14.3

	
	n773
	
	1.1
	0.8
	0.3
	0.1
	
	
	
	
	
	
	

	NOTE 1:	These requirements apply when there is at least one individual RE within the uplink transmission bandwidth of the aggressor (lower) band for which the 2nd transmitter harmonic is within the downlink transmission bandwidth of a victim (higher) band and a range ∆FHD above and below the edge of this downlink transmission bandwidth. The value ∆FHD depends on the band combination: ∆FHD = 10 MHz for CA_n1-n77, CA_n2-n78, CA_n3-n77, CA_n3-n78, CA_n2-n48, CA_n25-n78, CA_n48-n66, CA_n66-n78.


NOTE 2:	The requirements should be verified for UL NR-ARFCN of the aggressor (lower) band (superscript LB) such that in MHz and  with[image: ] carrier frequency in the victim (higher) band in MHz and [image: ] the channel bandwidth configured in the lower band.




NOTE 3:	The requirements are only applicable to channel bandwidths no larger than 20 MHz and with a carrier frequency at  MHz offset from  in the victim (higher band) with , where[image: ]andare the channel bandwidths configured in the aggressor (lower) and victim (higher) bands in MHz, respectively.
NOTE 4:	These requirements apply when there is at least one individual RE within the uplink transmission bandwidth of a low band for which the 4th transmitter harmonic is within the downlink transmission bandwidth of a high band.
NOTE 5:	The requirements should be verified for UL NR‑ARFCN of a low band (superscript LB) such that [image: ]in MHz and [image: ] with[image: ] the carrier frequency of a high band in MHz and [image: ] the channel bandwidth configured in the low band.
NOTE 6:	These requirements apply when there is at least one individual RE within the uplink transmission bandwidth of a low band for which the 5th transmitter harmonic is within the downlink transmission bandwidth of a high band.
NOTE 7:	The requirements should be verified for UL NR‑ARFCN of a low band (superscript LB) such that [image: ]in MHz and [image: ] with[image: ] the carrier frequency of a high band in MHz and [image: ] the channel bandwidth configured in the low band.



Table 2.  UL configuration for harmonic MSD excerpted from Table 7.3A.4-2 of 38.101-1
	NR Band / Channel bandwidth of the high band

	UL band
	DL band
	5 MHz
	10 MHz
	15 MHz
	20 MHz
	25 MHz
	30 MHz
	40 MHz
	50 MHz
	60 MHz
	80 MHz
	90 MHz
	100 MHz

	n2
	n77
	
	25
	36
	50
	50
	50
	50
	50
	50
	50
	50
	50

	n5
	n77
	
	16
	25
	25
	25
	25
	25
	25
	25
	25
	25
	25

	n66
	n77
	
	25
	36
	50
	64
	80
	100
	100
	100
	100
	100
	100

	NOTE 1:	15 kHz SCS is assumed for UL band.
NOTE 2:	The UL configuration applies regardless of the channel bandwidth of the low band unless the UL resource blocks exceed that specified in Table 7.3.2-3 for the uplink bandwidth in which case the allocation according to Table 7.3.2-3 applies.
NOTE 3:	Unless stated otherwise, UL resource blocks shall be centred within the transmission bandwidth configuration for the channel bandwidth.
NOTE 4:	These requirements apply when the lower edge frequency of the uplink channel in Band n71 is located at or below 668 MHz and the downlink channel in Band n25 is located with its upper edge at 1990 MHz.



Table 3.  MSD for 2UL IMD excerpted from Table 7.3A.5-1 of 38.101-1
	Band / Channel bandwidth / NRB / Duplex mode
	Source of IMD

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

	CA_n2A-n77A
	n2
	1855
	5
	25
	1935
	26
	FDD
	IMD2

	
	
	
	
	
	
	28.75
	
	

	
	n77
	3790
	10
	50
	3790
	N/A
	TDD
	N/A

	
	n2
	1885
	5
	25
	1965
	8.0
	FDD
	IMD4

	
	
	
	
	
	
	10.75
	
	

	
	n77
	3690
	10
	50
	3690
	N/A
	TDD
	N/A

	
	n2
	1885
	5
	25
	1965
	5
	FDD
	IMD5

	
	n77
	3790
	10
	50
	3790
	N/A
	TDD
	N/A

	CA_n5A-n77A
	5
	844
	5
	25
	889
	8.3
	FDD
	IMD4

	
	n77
	3421
	10
	50
	3421
	N/A
	TDD
	N/A

	
	5
	829
	5
	25
	875
	5.5
	FDD
	IMD5

	
	n77
	3600
	10
	50
	3600
	N/A
	TDD
	N/A

	CA_n66A-n77A
	n66
	1775
	5
	25
	2175
	31
	FDD
	IMD2

	
	n77
	3950
	10
	50
	3950
	N/A
	TDD
	N/A

	
	n66
	1730
	5
	25
	2130
	5.0
	FDD
	IMD5

	
	n77
	3660
	10
	50
	3660
	N/A
	TDD
	N/A

	NOTE 1:	Both of the transmitters shall be set min(+20 dBm, PCMAX_L,f,c) as defined in clause 6.2A.4
NOTE 2:	RBSTART = 0, 15 kHz SCS is assumed.
NOTE 3:	No requirements apply when there is at least one individual RE within the intermodulation generated by the dual uplink is within the downlink transmission bandwidth of the FDD band. The reference sensitivity should only be verified when this is not the case (the requirements specified in clause 7.3 apply).
NOTE 4:	This band is subject to IMD5 also which MSD is not specified.
NOTE 5:	Applicable only if operation with 4 antenna ports is supported in the band with carrier aggregation configured.



Harmonic MSD
The harmonic MSD for CA_n3A-n77A was essentially copied from DC_3A_n78A which itself has its roots in E-UTRA CA_3A-42A.  The E-UTRA harmonic reference sensitivity was specified to be -71.7 dBm according to an analysis along the lines of [2].  That analysis presumes the presence of a harmonic trap filter along with good PA 2nd harmonic performance and conservative PCB isolation.  For PC2, it is proposed to define more aggressive MSD values [1] since following the previous approach will lead to MSD values that exceed 30 dB and are not useful for actual network deployment.  Recomputing the 2nd harmonic with PCB isolation assumption of 90 dB instead of 60 dB, but with all of the same assumptions as [1], the 2nd harmonic interference level is estimated to be approximately -96 dBm and -95.8 dBm at the 3.5 GHz LNA input the primary and diversity receivers.  The MSD then becomes 2.6 dB for LTE 10 MHz receive bandwidth in Band 42.  This is a paradigm shift compared to the ~24 dB that is currently specified!  Scaling to NR bandwidth and normalizing to NR refsens in Band n77, the 10 MHz MSD for 15 kHz SCS is computed as 2.3 dB and 2.6 dB for 60 kHz SCS.  Since only a single MSD is specified per channel bandwidth, the highest MSD among all SCS is chosen.  In order to confirm this result, a measurement was taken on a prototype device.  The second harmonic MSD was measured to be 1.6 dB for PC3 transmit in Band 2 and 10 MHz receive in Band n77.  This measurement was for a single device that is not commercial.  Hence it is expected that a commercial device may have additional restrictions as well as unit-to-unit variation.  Nonetheless, a measurement of 1.6 dB MSD on a single platform is in line with the calculated MSD specification of 2.3 dB.
The MSD for 4th and 5th order harmonics from Band n5 are similarly treated based on analysis in [3] and [4] but with PCB isolation modified to 90 dB.  Measurements on a prototype device showed MSD of 0.4 dB and 0.1 dB for 4th and 5th order harmonic, respectively.
It is recognized that not all UE designs will be able to guarantee the PCB isolation to achieve this performance.  On the other hand, those that only meet the existing minimum MSD requirements are effectively inoperable on the network for frequency ranges impacted by harmonic interference with such large receiver degradation.  Therefore, as proposed in [1], the improved performance described here can be signaled as a capability by the UE.  
Finally, MSD due to harmonic interference for Band n77 combinations is shown below for a UE indicating the capability.  These values are expected to be feasible with enhanced PCB isolation and conducted path filtering providing a viable solution for the network operator in spectrum where harmonic overlap exists.  
Table 4.  MSD for harmonics using more aggressive assumptions
	MSD due to harmonic exception for the DL band

	UL band
	DL band
	5 MHz
	10 MHz
	15 MHz
	20 MHz
	25 MHz
	30 MHz
	40 MHz
	50 MHz
	60 MHz
	80 MHz
	90 MHz
	100 MHz

	
	
	dB
	dB
	dB
	dB
	dB
	dB
	dB
	dB
	dB
	dB
	dB
	dB

	n2
	n771, 2
	
	2.6
	1.8
	1.4
	1.1
	0.9
	0.7
	0.6
	0.5
	0.4
	0.3
	0.3

	
	n773
	
	0
	0
	0
	0
	
	
	
	
	
	
	

	n5
	n774, 5
	
	0.8
	0.5
	0.4
	0.3
	0.2
	0.2
	0.1
	0.1
	0.1
	0.1
	0.1

	n5
	n776,7
	
	0.7
	0.5
	0.3
	0.3
	0.2
	0.2
	0.1
	0.1
	0.1
	0.1
	0.1

	n66
	n771, 2
	
	2.6
	1.8
	1.4
	1.1
	0.9
	0.7
	0.6
	0.5
	0.4
	0.3
	0.3

	
	n773
	
	0
	0
	0
	0
	
	
	
	
	
	
	

	NOTE 1:	These requirements apply when there is at least one individual RE within the uplink transmission bandwidth of the aggressor (lower) band for which the 2nd transmitter harmonic is within the downlink transmission bandwidth of a victim (higher) band and a range ∆FHD above and below the edge of this downlink transmission bandwidth. The value ∆FHD depends on the band combination: ∆FHD = 10 MHz for CA_n1-n77, CA_n2-n78, CA_n3-n77, CA_n3-n78, CA_n2-n48, CA_n25-n78, CA_n48-n66, CA_n66-n78.


NOTE 2:	The requirements should be verified for UL NR-ARFCN of the aggressor (lower) band (superscript LB) such that in MHz and  with[image: ] carrier frequency in the victim (higher) band in MHz and [image: ] the channel bandwidth configured in the lower band.




NOTE 3:	The requirements are only applicable to channel bandwidths no larger than 20 MHz and with a carrier frequency at  MHz offset from  in the victim (higher band) with , where[image: ]andare the channel bandwidths configured in the aggressor (lower) and victim (higher) bands in MHz, respectively.
NOTE 4:	These requirements apply when there is at least one individual RE within the uplink transmission bandwidth of a low band for which the 4th transmitter harmonic is within the downlink transmission bandwidth of a high band.
NOTE 5:	The requirements should be verified for UL NR‑ARFCN of a low band (superscript LB) such that [image: ]in MHz and [image: ] with[image: ] the carrier frequency of a high band in MHz and [image: ] the channel bandwidth configured in the low band.
NOTE 6:	These requirements apply when there is at least one individual RE within the uplink transmission bandwidth of a low band for which the 5th transmitter harmonic is within the downlink transmission bandwidth of a high band.
NOTE 7:	The requirements should be verified for UL NR‑ARFCN of a low band (superscript LB) such that [image: ]in MHz and [image: ] with[image: ] the carrier frequency of a high band in MHz and [image: ] the channel bandwidth configured in the low band.



2UL Intermod MSD
The 2UL IMD MSD can be treated in a similar manner as the harmonic interference.  An example IMD MSD was calculated for B3+B42 for IMD2, IMD4, and IMD5 in [5].  However, to account for NR band combinations a few adjustments were required.  NR Band n77 does not support 5 MHz channels so the test configuration is defined as 10 MHz with 50 RB’s in the uplink.  The victim channel in Band 2 is 5 MHz wide.  Therefore, the IMD product spreads out over a larger frequency range in the DL band that extends well beyond the Rx bandwidth.  This is compensated by the CF which then needs to be adjusted for NR to be 2.5 dB for the f2-f1 IMD2 product.  Finally, the uplink transmit powers are also increased by 3 dB each since the band combination is PC2.  Two values for PCB isolation are considered: a conservative value of 65 dB and a more aggressive value of 90 dB.
Table 5.  MSD for PC2 2UL IMD using conservative assumptions
	Band / Channel bandwidth / NRB / Duplex mode
	Source of IMD

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

	CA_n2A-n77A
	n2
	1855
	5
	25
	1935
	33
	FDD
	IMD2

	
	
	
	
	
	
	
	
	

	
	n77
	3790
	10
	50
	3790
	N/A
	TDD
	N/A

	
	n2
	1885
	5
	25
	1965
	18.2
	FDD
	IMD4

	
	
	
	
	
	
	
	
	

	
	n77
	3690
	10
	50
	3690
	N/A
	TDD
	N/A

	
	n2
	1885
	5
	25
	1965
	TBD
	FDD
	IMD5

	
	n77
	3790
	10
	50
	3790
	N/A
	TDD
	N/A

	CA_n5A-n77A
	5
	844
	5
	25
	889
	18.2
	FDD
	IMD4

	
	n77
	3421
	10
	50
	3421
	N/A
	TDD
	N/A

	
	5
	829
	5
	25
	875
	TBD
	FDD
	IMD5

	
	n77
	3600
	10
	50
	3600
	N/A
	TDD
	N/A

	CA_n66A-n77A
	n66
	1775
	5
	25
	2175
	33
	FDD
	IMD2

	
	n77
	3950
	10
	50
	3950
	N/A
	TDD
	N/A

	
	n66
	1730
	5
	25
	2130
	TBD
	FDD
	IMD5

	
	n77
	3660
	10
	50
	3660
	N/A
	TDD
	N/A

	NOTE 1:	Both of the transmitters shall be set min(+20 dBm, PCMAX_L,f,c) as defined in clause 6.2A.4
NOTE 2:	RBSTART = 0, 15 kHz SCS is assumed.
NOTE 3:	No requirements apply when there is at least one individual RE within the intermodulation generated by the dual uplink is within the downlink transmission bandwidth of the FDD band. The reference sensitivity should only be verified when this is not the case (the requirements specified in clause 7.3 apply).
NOTE 4:	This band is subject to IMD5 also which MSD is not specified.
NOTE 5:	Applicable only if operation with 4 antenna ports is supported in the band with carrier aggregation configured.



Table 6.  MSD for PC2 2UL IMD using more aggressive assumptions
	Band / Channel bandwidth / NRB / Duplex mode
	Source of IMD

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

	CA_n2A-n77A
	n2
	1855
	5
	25
	1935
	14.2
	FDD
	IMD2

	
	
	
	
	
	
	
	
	

	
	n77
	3790
	10
	50
	3790
	N/A
	TDD
	N/A

	
	n2
	1885
	5
	25
	1965
	1.8
	FDD
	IMD4

	
	
	
	
	
	
	
	
	

	
	n77
	3690
	10
	50
	3690
	N/A
	TDD
	N/A

	
	n2
	1885
	5
	25
	1965
	TBD
	FDD
	IMD5

	
	n77
	3790
	10
	50
	3790
	N/A
	TDD
	N/A

	CA_n5A-n77A
	5
	844
	5
	25
	889
	1.8
	FDD
	IMD4

	
	n77
	3421
	10
	50
	3421
	N/A
	TDD
	N/A

	
	5
	829
	5
	25
	875
	TBD
	FDD
	IMD5

	
	n77
	3600
	10
	50
	3600
	N/A
	TDD
	N/A

	CA_n66A-n77A
	n66
	1775
	5
	25
	2175
	14.2
	FDD
	IMD2

	
	n77
	3950
	10
	50
	3950
	N/A
	TDD
	N/A

	
	n66
	1730
	5
	25
	2130
	TBD
	FDD
	IMD5

	
	n77
	3660
	10
	50
	3660
	N/A
	TDD
	N/A

	NOTE 1:	Both of the transmitters shall be set min(+20 dBm, PCMAX_L,f,c) as defined in clause 6.2A.4
NOTE 2:	RBSTART = 0, 15 kHz SCS is assumed.
NOTE 3:	No requirements apply when there is at least one individual RE within the intermodulation generated by the dual uplink is within the downlink transmission bandwidth of the FDD band. The reference sensitivity should only be verified when this is not the case (the requirements specified in clause 7.3 apply).
NOTE 4:	This band is subject to IMD5 also which MSD is not specified.
NOTE 5:	Applicable only if operation with 4 antenna ports is supported in the band with carrier aggregation configured.



Using conventional assumptions, the MSD increases, sometimes significantly, with PC2 power level compared to PC3.  The already large MSD’s become even larger.  Using a more aggressive assumption on PCB isolation of 90 dB, the MSD values are still large for IMD2 at 14.2 dB.  Additional work is needed to lower these MSD values to an acceptable level for deployment.  Measurements on a prototype device showed IMD2 MSD at 1.8 dB, but this was for a single device and for 20 MHz bandwidth.  While this measurement is not directly comparable to the specification, it does indicate that in all likelihood, a much lower MSD value is feasible for some devices.  On the other hand, the calculated MSD for for IMD4 is very low at 1.8 dB.  Measurements for the IMD4 also show 1.8 dB, but since the measurements are single device with 20 MHz bandwidth, some additional margin would probably be needed.  IMD5 values were not available at the time of this writing. 
Conclusion
MSD values for PC2 UL CA for CA_n2-n77, CA_n5-n77, and CA_n66-n77 are provided.  Using more aggressive PCB isolation assumptions, it is demonstrated that the MSD can be signficantly improved making the combinations more suitable for operator deployment.  Without these assumptions, the UE effectively cannot operate in a network under the condition of harmonic or 2UL IMD interference.
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