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1 Introduction
IMD issue for LTE NR DC band combinations was discussed extensively in last RAN4 meeting, and there was a WF  on MSD issues [1][2]. This contribution provides further consideration on IMD issue for LTE NR DC band combinations. 
2 Discussion

This contribution is focused on NR band n78 (3.3-3.8GHz). However, the analysis can also be extended to 3.3-4.2GHz. 
Table 1 gives the IMD analysis for band combinations with NR band n78. 

Table 1 IMD for LTE NR band combinations for NR Band n78
	LTE band

fx
	NR Band
fy
	Source of IMD
	Note for victim band(s)

	B1
	 n78 (3.3-3.8 GHz)
	IMD2, IMD4, IMD5
	IMD2: Band1, fy-fx
IMD4: Band1, 3*fx -fy
IMD5: Band1, 2*fy –3*fx

	B3
	
	IMD2, IMD4, IMD5
	IMD2: Band3, fy-fx
IMD4: Band3, 3*fx -fy
IMD5: Band3, 2*fy –3*fx

	B5
	
	IMD4
	Band 5, fy-3*fx

	B7
	
	IMD4
	Band Z, 3*fx -fy

	B8
	
	IMD4
	Band 8, fy-3*fx

	B20
	
	IMD4
	Band 20, fy-3*fx

	B28
	
	IMD5
	Band 28, fy-4*fx

	B39
	
	N/A
	

	B41
	
	N/A
	

	B42
	
	N/A
	


During the study of 2UL inter-band CA, some agreements were reached with regard of MSD issue. The following highlights the agreements which will be an important reference to consider the MSD issue for LTE NR band combinations [3][4][5]. 
· Choose 5-MHz bandwidth with full RB for all carriers (if supported in a CA combination) to essentially comply with the Rel-8 UL configurations for REFSENS tests and approach the worst-case self-desensitization condition. 

· If 5-MHz bandwidth is not supported in certain CA combinations, then choose 10 MHz with full RB or the RB number which complies with Rel-8 UL configurations for REFSENS tests.  
· For each UL Inter-band CA only the highest MSD is specified automatically. Each IMD that falls on top of own DL channel and has ≥[2]dB MSD will be specified as well. This applies from Rel14 onwards. 

MSD requirements for LTE 2UL CA are basically derived based on the principles above. Table 2 shows the MSD values for LTE 2UL CA band combinations with Band 42 in LTE specification. 
Table 2 MSD for 2UL CA band combinations with Band 42
	CA_3A-42A
	3
	1740
	5
	25
	1835
	29.8
	FDD
	IMD2

	
	42
	3575
	5
	25
	3575
	N/A
	TDD
	N/A

	CA_3A-42A
	3
	1765
	5
	25
	1860
	8.0
	FDD
	IMD4

	
	42
	3435
	5
	25
	3435
	N/A
	TDD
	N/A

	CA_28A-42A
	28
	705.5
	5
	25
	760.5
	[5.5]
	FDD
	IMD5

	
	42
	3582.5
	5
	25
	3582.5
	N/A
	TDD
	N/A


From the table, we have the observation that IMD2 is much higher than IMD4 and IMD5. Especially, for Band 3 and Band 42, the REFSENS degradation for Band 3 is too high to be acceptable from the performance point of view. It was then not a big concern at the time to define MSD for CA_3A-42A as the operator proposed this specific CA band combination just has the IMD4 issue due to the holding spectrum. However, for LTE NR band combination, lots of operators are interested in this combination. Solutions are needed to address this MSD issue. 
RAN1 is also aware of the REFSENS degradation issue for some of the LTE NR DC band combinations. And RAN1 has reached an agreement as below to support 1Tx for LTE-NR DC [6]. 

Agreements:

For NR NSA for a UE, NR supports the case that when the UE is configured with multiple UL carriers on different frequencies (where there is at least one LTE carrier and at least one NR carrier of a different carrier frequency), the UE operates on only one of the carriers at a given time among a pair of LTE and NR carriers
· FFS whether or not there is specification impact
· If there is RAN1 specification impact, aim to minimize the specification impact for NR
· Note: this feature by itself is not intended to have any LTE RAN1 specification impact 
· Note: the other case of allowing simultaneous operation on two or more UL carriers is already agreed to be supported
To limit the UL transmission in single band is a valid solution to mitigate the REFSENS degradation. With this in mind, we can evaluate the MSD for the LTE NR DC combinations with 3.3-3.8GHz. How to reflect the solution in the specification is FFS.
Besides this possible solution to mitigate the REFSNS degradation, in the MSD WF, some other aspects can also be considered for the IMD issue, e.g. 
· Revisit the parameters used in harmonic MSD analysis for LTE CA to see if some parameters can be improved
· Study frequency region w/o IMD for specific LTE NR band combinations
The parameter for the MSD analysis due to IMD for Band 3 and Band 42 are copied as below [7], which will be further revisited.
Table 3 General linearity parameters
	Component
	IP2 (dBm)
	IP4 (dBm)
	IP5 (dBm)

	Antenna switch
	110
	55
	53

	Diplexer
	112
	55
	53

	Duplexer
	94
	55
	53

	PA forward mixing
	27
	32
	27

	PA reverse mixing
	38
	33
	32

	LNA
	5
	-6
	-10


B3 duplexer TX rejection at B42

20

B3 duplexer RX rejection at B42

40

B42 filter attenuation at B3 RX

45

B42 filter attenuation at B3 TX

45

Antenna isolation 




10

PCB isolation PA-PA 



60

PCB isolation TX-RX




65

RFIC Pout B3/B42




0
B3 duplexer TX-RX isolation

50

Diplexer attenuation at B42 


15

Diplexer attenuation at B3 TX

15

Diplexer attenuation at B3 RX

15


Triplexer isolation





15

During the analysis, the CBW for the victim band shall be considered in the MSD calculation. The minimum CBW for 3.3-3.8GHz is 10MHz. For Band 3 and n78, though the CBW for the NR band is different, the CBW of the victim LTE band is the same in the evaluation, i.e. 5MHz for Band 3 in this case.
Frequency region with no RX MSD was initially discussed in [8], which can be considered as well for holding spectrum of operators who may have the IMD MSD issue. 
3 Conclusion

Some further thinking on IMD for LTE NR band combinations with NR band n78 was provided in this contribution. 
Proposal The MSD values for CA_3A-42A and CA_28A-42A shall not be reused for corresponding LTE NR band combinations with n78 without concrete analysis of possible parameter improvement and or analysis of frequency region w/o IMD for specific LTE NR band combinations.
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