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1	Introduction
This contribution is in essence same as in previous meeting [1] and discusses REFSENS exceptions and MSD for NR range 1. Contribution in last meeting was for discussion and this one is for approval.
[bookmark: _Toc286177644]2	Discussion
2.1	REFSENS exceptions due harmonics etc
In LTE CA specifications RAN4 had spefified REFSENS exeptions for three types of interference sources. 
· exceptions due to harmonic issue
· exceptions due to close proximity of UL to DL channel
· exceptions due to cross band isolation issues of TDD and FDD bands
· exceptions due to Rx mixing
These exception tables are rather long and difficult to maintain. One reason for those being complex is that for example same harmonic interference is repeated many times in tables although the requirement it self is the same. As an example band 3 harmonic interference towards bands 42 is pecified separately for CA_1A-3A-7A-42A and CA_3A-42A but the requirement it self is the same. This kind of redundancy should be avoided in NR.
Table 1: CA_1A-3A-7A-42A REFSENS exceptions
	CA_1A-3A-7A-42A9,10
	1
	
	
	-99.8 
	-96.8
	-95
	-93.8
	FDD

	
	3
	
	
	-96.8
	-93.8
	-92
	-90.8
	

	
	7
	
	
	
	-94.8
	-93
	-91.8
	

	
	4233
	
	
	-71.7
	-71.7
	-71.7
	-71.7
	TDD



Table 2: CA_3A-42A REFSENS exceptions
	CA_3A-42A9,10
	3
	
	
	-96.8
	-93.8
	-92
	-90.8
	FDD

	
	4233
	
	
	-71.7
	-71.7
	-71.7
	-71.7
	TDD



Inorder to meet the extremely challenging NR timeline an efficient specification structure needs to be established avoiding unnecessary duplication of requriements. One possibility could be to specify requirements only for 2UL/2DL and not to repeat the requirement for 2UL/xDL case when harmonics, close proximity, cross-band isolation and receiver harmonic mixing are the source of degradation. Furhter improvement that could be considered is that MSD is specified instead of REFSENS exception, see Tables 3 and 4. MSD is more intuitive way because reader do not need to check the baseline RESFSENS and calculate the MSD from that. Furthermore NR REFSENS is not finalized (SNR, NF) and may be different for different numerologies due to smaller channel BW therefore MSD could be convenient. If MSD approach is selected then what also can be considerd is that only a limited set of MSD values can be used for example <1, 3, 6, 10, 15, 20, 25 and 30 dB, see Table 3. This granularity can be justified with a fact that LTE MSD requirement has been defined typically as an average between available results which could have had a large variation. 
There are 2DL/2UL configuration which have for example both close proximity and 2 TX IMD issues and combining these the two sources of degradation in to single table is problematic. Especially as 2 Tx IMD is only defiend for a particular test point for LTE and close proximity requirement has notes as side condition. Therefore it is proposed for those cases where the source of interference comes from 1 Tx transmission UE is only scheduled to have transmission on the aggressor band and not simultaneously at victim band. There would be different requirement for 2 Tx IMD and more on that later in the contribution.
Table 3: MSD approach with granularity.
	DC configuration
	operating band
	5 MHz
	10 MHz
	15 MHz
	20 MHz
	Transmission on band

	DC_3A-n77A
	3
	0
	0
	0
	0
	3

	
	n77
	30
	25
	25
	20
	



Table 4: MSD approach without granularity.
	DC configuration
	operating band
	5 MHz
	10 MHz
	15 MHz
	20 MHz
	Transmission on band

	DC_3A-n77A
	3
	-96.8
	-93.8
	-92
	-90.8
	3

	
	n77
	27.3
	24.3
	22.5
	21.3
	



Alternative would be to keep the REFSENS exception values like in LTE specification where sRib is calculated into the REFSENS value.
Table 5: LTE approach.
	DC configuration
	operating band
	5 MHz
	10 MHz
	15 MHz
	20 MHz
	Transmission on band

	DC_3A-n77A
	3
	-96.8
	-93.8
	-92
	-90.8
	3

	
	n77
	-71.7
	-71.7
	-71.7
	-71.7
	



Format of the requirement Tables 3-5 is not cruicial what is important to discuss if it enough to specify the requirement only for 2UL/2DL case which is supported always as it is the lowest order fallback mode.
Proposal 1: Specify REFSENS exception requirements only for 2UL/2DL and not to repeat the requirement for 2UL/xDL case when harmonics, close proximity, cross-band isolation and receiver harmonic mixing are the source of degradation.
Proposal 2: Specify REFSENS exception requirements with MSD instead of degraded sensitivity value as in LTE.
Proposal 3: When defining requirements for harmonics, close proximity, cross-band isolation and receiver harmonic mixing the assumption is that  UE is only scheduled to have transmission on the aggressor band and not simultaneously at victim band.
2.1.1	How to capture into the specification
During the online discussion it was asked incase 4DL CA how to guarantee the performance of the bands not having harmonic issue if the exceptions are specified only for 2DL case.
Answer is that from requirement point of view we need to write the specification such way that single carrier REFSENS applies for bands part of any CA configuration unless the band has exception listed in tables for harmonic, close proximity etc. An simplified example of how to do that is provided below. Same approach applies for DC and CA, in example below CA case is used.
************************** Spec structure  example****************************
7.1A	NR CA REFSENS
For NR CA operation NR single carrier REFSENS requirements defined in Table XX apply to all downlink bands part of NR CA configurations listed in Tables YY unless sensitivity degradation is allowed as defined in clause 7.1A.1, 7.1A.2 or 7.1A.3. 
7.1A.1	MSD due to harmonics
Sensitivity degradation is allowed for a band if it is impacted by UL harmonic interference from another band part of the same CA configuration. Amound of degradation is specified in Table 1.
Table 1: MSD due to harmonic issue
	MSD due to harmonic exception for the DL band

	UL band
	DL band
	CH BW
	CH BW
	CH BW
	CH BW
	CH BW
	CH BW
	CH BW

	
	
	dB
	dB
	dB
	dB
	dB
	dB
	dB

	A
	B
	20
	20
	20
	20
	20
	20
	20

	X
	Y
	13
	13
	13
	13
	13
	13
	13

	Z
	Å
	4
	4
	4
	4
	4
	4
	4



7.1A.2	MSD due to close proximity
Sensitivity degradation is allowed for a band if it is impacted by close proximity of another band UL part of the same CA configuration. Amound of degradation is specified in Table 2.
Table 2: MSD due to close proximity
	MSD due to harmonic exception for the DL band

	UL band
	DL band
	CH BW
	CH BW
	CH BW
	CH BW
	CH BW
	CH BW
	CH BW

	
	
	dB
	dB
	dB
	dB
	dB
	dB
	dB

	A
	B
	20
	20
	20
	20
	20
	20
	20

	X
	Y
	13
	13
	13
	13
	13
	13
	13

	Z
	Å
	4
	4
	4
	4
	4
	4
	4



7.1A.3	MSD due to cross band isolation issues
Sensitivity degradation is allowed for a band if it is impacted by cross band isolation issues of another band UL part of the same CA configuration. Amound of degradation is specified in Table 3.
Table 3: MSD due to cross band isolation issues
	MSD due to harmonic exception for the DL band

	UL band
	DL band
	CH BW
	CH BW
	CH BW
	CH BW
	CH BW
	CH BW
	CH BW

	
	
	dB
	dB
	dB
	dB
	dB
	dB
	dB

	A
	B
	20
	20
	20
	20
	20
	20
	20

	X
	Y
	13
	13
	13
	13
	13
	13
	13

	Z
	Å
	4
	4
	4
	4
	4
	4
	4



7.1A.4	MSD due to receiver harmonic mixing
Sensitivity degradation is allowed for a band if it is impacted by receiver harmonic mixing from another band UL part of the same CA configuration. Amound of degradation is specified in Table 4.
Table 4: MSD due to harmonic issue
	MSD due to harmonic exception for the DL band

	UL band
	DL band
	CH BW
	CH BW
	CH BW
	CH BW
	CH BW
	CH BW
	CH BW

	
	
	dB
	dB
	dB
	dB
	dB
	dB
	dB

	A
	B
	20
	20
	20
	20
	20
	20
	20

	X
	Y
	13
	13
	13
	13
	13
	13
	13

	Z
	Å
	4
	4
	4
	4
	4
	4
	4



2.2	IMD from two uplink operation
For the cases of 2UL/2DL and 2UL/XDL where the source of MSD comes from two transmitters creating IMD non-linearity the current way of specidying the performance could be reused. However also for these cases MSD granularity of 3, 6, 10, 15, 20, 25 and 30 dB could be considered.
Table 7.3.1A-0f: 2DL/2UL interband Reference sensitivity QPSK PREFSENS and uplink/downlink configurations
	E-UTRA Band / Channel bandwidth / NRB / Duplex mode
	Source of IMD

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

	CA_1A-3A
	1
	1950
	5
	25
	2140
	23
	FDD
	IMD3

	
	3
	1760
	5
	25
	1855
	N/A
	
	N/A



Table 7.3.1A-0g: 3DL/2UL interband Reference sensitivity QPSK PREFSENS and uplink/downlink configurations
	E-UTRA Band / Channel bandwidth / NRB / Duplex mode
	Source of IMD

	EUTRA CA
	EUTRA CA
	EUTRA band
	UL Fc
	UL BW
	UL
	DL Fc
	DL BW
	MSD
	Duplex mode
	

	DL Configuration
	UL Configuration
	
	(MHz)
	(MHz)
	CLRB
	(MHz)
	(MHz)
	(dB)
	
	

	CA_1A-3A-28A
	CA_1A-28A
	1
	1975
	5
	25
	2165
	5
	N/A
	FDD
	N/A

	
	
	28
	710.5
	5
	25
	765.5
	5
	N/A
	
	N/A

	
	
	3
	1723.5
	5
	25
	1818.5
	5
	4.0
	
	IMD5

	
	CA_3A-28A
	3
	1780
	5
	25
	1875
	5
	N/A
	FDD
	N/A

	
	
	28
	710.5
	5
	25
	765.5
	5
	N/A
	
	N/A

	
	
	1
	1949
	5
	25
	2139
	5
	11.0
	
	IMD4



3	Conclusion
In this contribution we have started the discussion on how REFSENS exceptions and MSD could be specified for NR Range 1 and made two proposals.Due to discussion in RAN4#84 bis Proposal 1 is modified as below.
Proposal 1: Specify REFSENS exception requirements only for 2UL/2DL and not to repeat the requirement for 2UL/xDL case whenas explained in section 2.1.1 incase harmonics, close proximity,, cross-band isolation and receiver harmonic mixing are the source of degradation.
Proposal 2: Specify REFSENS exception requirements with MSD instead of degraded sensitivity value as in LTE.
Proposal 3: When defining requirements for harmonics, close proximity, cross-band isolation and receiver harmonic mixing the assumption is that  UE is only scheduled to have transmission on the aggressor band and not simultaneously at victim band.
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