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1	Introduction
In RAN #96 meeting,  new WID [1] was approved for UE FR1 requirement focus on evolution for potential RAN4 enhancements for NR frequency range 1, in which the main objectives are: 
· Enable 4Tx on a single carrier for CPE/FWA/vehicle/industrial devices
· Enable 8Rx and for CPE/FWA/vehicle/industrial device 
· Investigate the feasibility of lower MSD for inter-band CA/EN-DC/DC combinations

The detailed objective for the scope of lower MSD is quoted below:
[bookmark: OLE_LINK21]Investigate the feasibility of lower MSD for inter-band CA/EN-DC/DC combinations [RAN4]
· Select a limited set of band combinations (2-4 combinations) to cover all types of MSD (harmonic, harmonic mixing, IMD and cross band isolation)
· Study how the MSD performance can be improved for the example band combinations
· Study of MSD improvement with different MSD sources (harmonics, IMD2/3/4/5, cross band isolation and harmonic mixing)
· Study the feasibility of and options for allowing a UE to signal improved lower MSD performance capability for combinations where MSD is allowed
· Aim to conclude the study phase by RAN#99, and further discuss in RAN#99 how to handle the objective based on the study progress.

In this paper, we share our initial considerations on lower MSD for Interband-CA combinations.
2 Discussion
Band Combinations
Many NR networks have been launched using mid-band spectrum, as it serves a combination of coverage and capacity. 
For FDD bands,  there are 38 operators that have been investing in 5G at 2100 MHz and 37 of those are known to be deploying 5G in band n1. It has been recorded that 21 operators invested in 5G in band n3, including 18 that are actively deploying 5G in band n3, with many operators planning to refarm this spectrum for 5G deployment. For TDD bands, there had been 150 operators identified as actively deploying or having launched 5G networks using bands n77 or n78 [2].
[bookmark: _GoBack]From the specification TS38.101-1, it is found that the combinations of n1+n78 and n3+n78 are facing the following reference sensitivity exceptions due to UL harmonic interference and intermodulation interference:
Table 7.3A.4-1: Reference sensitivity exceptions and uplink/downlink configurations due to UL harmonic from a PC3 aggressor NR UL band for NR DL CA FR1
	UL band
	DL band
	UL BW
	SCS of UL band
	UL RB Allocation
	DL BW
	MSD
	UL/DL fc condition
	UL/DL harmonic order

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

	n3
	n78
	5
	15
	25 (RBstart=0)
	10
	23.9
	NOTE 2
	UL2/DL1
direct-hit

	n3
	n78
	10
	15
	50 (RBstart=0)
	100
	13.8
	NOTE 2
	UL2/DL1
direct-hit

	

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



Table 7.3A.5-1: 2DL/2UL interband Reference sensitivity QPSK PREFSENS and uplink/downlink configurations for PC3 CA
	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_n1-n78
	n1
	1950
	5
	25
	2140
	8.0
	FDD
	IMD4

	
	
	
	
	
	
	10.75
	
	

	
	n78
	3710
	10
	50
	3710
	N/A
	TDD
	N/A

	CA_n3-n78
	n3
	1740
	5
	25
	1835
	26
	FDD
	IMD24

	
	
	
	
	
	
	28.75
	
	

	
	n78
	3575
	10
	25
	3575
	N/A
	TDD
	N/A

	
	n3
	1765
	5
	25
	1860
	8.0
	FDD
	IMD44

	
	
	
	
	
	
	10.75
	
	

	
	n78
	3435
	10
	25
	3435
	N/A
	TDD
	N/A

	
	n3
	N/A
	5
	N/A
	1877.5
	2.2
	FDD
	IMD7

	
	n78
	3305
3780
	10
10
	1 (RBstart=3)
1 (RBstart=0)
	3305
3780
	N/A
	TDD
	N/A


Table 7.3A.5-1a: 2DL/2UL interband Reference sensitivity QPSK PREFSENS and uplink/downlink configurations for PC2 CA
	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_n1-n78
	n1
	1950
	5
	25
	2140
	[17.8]
	FDD
	IMD4

	
	n78
	3710
	10
	50
	3710
	N/A
	TDD
	N/A

	CA_n3-n78
	n3
	1740
	5
	25
	1835
	31.9
	FDD
	IMD2

	
	n78
	3575
	10
	50
	3575
	N/A
	TDD
	N/A

	
	n3
	1765
	5
	25
	1860
	18.5
	FDD
	IMD4

	
	n78
	3435
	10
	50
	3435
	N/A
	TDD
	N/A



It is also observed that MSD comes from IMD is higher for PC2 than for PC3.
Proposal 1: Considering the commercial deployment scale and MSD types, it is proposed to have CA_n1A-n78A and CA_n3A-n78A as example band combinations for the lower MSD investigation.
Proposal 2: Consider both PC3 and PC2 for investigation of lower MSD based on intermodulation.
UE signalling & feasibility
Once the improved MSD capabilities are completed, signalling would be needed to inform the gNB about the situation. In order to minimize the impacts to legacy UE and network scheduling, the reported improved MSD capability should be optional. In addition, it needs to be clarified what behaviors are expected from network side after the signalling is received.
Proposal 3: The improved MSD capability signalling should be an optional feature.
Proposal 4: It needs to be clarified what are the expected behaviour for gNB after receiving the improved MSD information from UE.

3	Conclusion
In this paper, we provided our initial considerations on the example band combinations and feasibility of UE signalling report. The following proposals are made:
Proposal 1: Considering the commercial deployment scale and MSD types, it is proposed to have CA_n1A-n78A and CA_n3A-n78A as example band combinations for the lower MSD investigation.
Proposal 2: Consider both PC3 and PC2 for investigation of lower MSD based on intermodulation.
Proposal 3: The improved MSD capability signalling should be an optional feature.
Proposal 4: It needs to be clarified what are the expected behaviour for gNB after receiving the improved MSD information from UE.
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