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Introduction
The WID for NR DC was updated in RAN #81 meeting. This contribution provides the analysis and a TP for TR 37.716-11-11. 

Discussion
In LTE specification, no requirement is defined on the MSD due to harmonic issue for CA_8A-41A, due to there is no harmonic issue for the operator’s spectrum holding at that time. 
	CA_8A-41A8
	41
	
	
	N/A
	N/A
	N/A
	N/A
	TDD

	NOTE 8:	No requirements apply when there is at least one individual RE within the uplink transmission bandwidth of the low band for which the 3rd transmitter harmonic is within the downlink transmission bandwidth of the high band. The reference sensitivity is only verified when this is not the case (the requirements specified in clause 7.3.1 apply).




Meanwhile there is some update on the spectrum situation for the combination. E.g. for the spectrum allocation of CMCC, the 3rd harmonic of Band 8 UL (889~909MHz) will fall into portion of Band 41 DL (2515~2675 MHz). The affected frequency range suffering the direct hitting is constrained to 2667 MHz – 2675 MHz. It is only a small portion of the whole spectrum of 2.6 GHz band. The benefit of additional harmonic filter is relatedly limited. On the other hand, the additional insertion loss will impact the Band 8 maximum output power. Furthermore the legacy LTE requirements assume the reference architecture without harmonic filter in the CA combination. Hence the following TIB,c and RIB,c values can be reused.
Table 2-1: ΔTIB,c
	Inter-band DC Configuration
	E-UTRA and NR Band
	ΔTIB,c [dB]

	DC_8_n41
	8
	0.3

	
	n41
	0.3



Table 2-2: ΔRIB,c
	Inter-band DC Configuration
	E-UTRA and NR Band
	ΔRIB [dB]

	DC_8_n41
	8
	0

	
	n41
	0



A diplexer is adopted to combine the two bands, i.e. diplexer+duplexer architecture is used to estimate the MSD due to 3rd harmonic. Table 2-3 show the calculation for harmonic interference.
Table 2-3 MSD calculation for harmonic interference
	　
	Primary
	Diversity

	Parameter
	Value
	H2 Level
	Value
	H2 Level

	B8 PA output power,dBm
	27
	　
	27
	　

	B8 Duplexer IL,dB
	2.5
	　
	2.5
	　

	HB Switch IL,dB
	0.7
	　
	0.7
	　

	Diplexer IL,dB
	0.8
	　
	0.8
	　

	B8 PA H3,dBm
	43
	-16
	43
	-16

	B8 Duplexer Rejection,dB
	33
	-49
	33
	-49

	B8 Duplexer H3,dBc
	100
	-73
	100
	-73

	H3 at Duplexer output,dBm
	　
	-48.9827
	　
	-48.982745

	HB Switch H3,dBc
	100
	-76.2
	100
	-76.2

	H3 at HB Switch output,dBm
	　
	-48.9745
	　
	-48.97451

	Diplexer Rejection&Isolation,dB
	25
	-73.9745
	25
	-73.97451

	Antenna Isolation,dB
	　
	　
	10
	-83.97451

	UHB Switch IL,dB
	1
	-74.9745
	1
	-84.97451

	B41 Saw Filter IL,dB
	2
	-76.9745
	2
	-86.97451

	PA to LNA Isolation,dB
	70
	-86
	70
	-86

	Single Chip DA to LNA,dBm
	-90
	-90
	-90
	-90

	Composite H3 at LNA port,dBm
	　
	-76.2742
	　
	-82.58148

	Chip Nosie Figure,dB
	4
	　
	4
	　

	Nosie Floor (10M),dBm
	　
	-100.458
	　
	-100.45757

	Composite noise
	　
	-76.2577
	　
	-82.511228

	MSD,dB
	　
	24.19992
	　
	17.9463472

	CBW, MHz
	10 

	Combined MSD
	20



For harmonic 2nd adjacent channel overlapping, we assume 30 dB rejection which equals to the ACLR limit. The combined MSD is about 0.5 dB.
Reference sensitivity exceptions for DC_8_n41 are proposed in Table 2-4 with uplink configuration specified in Table 2-5.
Table 2-4: MSD due to UL harmonic for EN-DC in NR FR1
	UL band
	DL band
	5 MHz
(dB)
	10 MHz
(dB)
	15 MHz
(dB)
	20 MHz
(dB)
	25 MHz
(dB)
	30 MHz (dB)
	40 MHz
(dBm)
	50 MHz
(dBm)
	60 MHz
(dBm)
	80 MHz
(dBm)
	90 MHz
(dBm)
	100 MHz
(dBm)

	8
	N418,9
	N/A
	20
	18.3
	17.1
	
	
	14.2
	13.3
	12.5
	11.4
	10.9
	10.5

	8
	N4110
	N/A
	0.5
	0.4
	0.3
	
	
	0
	0
	0
	0
	0
	0

	NOTE 8:	These requirements apply when there is at least one individual RE within the uplink transmission bandwidth of a low band for which the 3rd transmitter harmonic is within the downlink transmission bandwidth of a high band.

NOTE 9:	The requirements should be verified for UL EARFCN of a low band (superscript LB) such that in MHz and  with the carrier frequency of a high band in MHz and  the channel bandwidth configured in the low band.




NOTE 10:	The requirements are only applicable to channel bandwidths with a carrier frequency at  MHz offset from  in the victim (higher band) with , whereandare the channel bandwidths configured in the aggressor (lower) and victim (higher) bands in MHz, respectively.




Table 2-5: Uplink configuration for reference sensitivity exceptions due to UL harmonic interference for EN-DC in NR FR1
	
	E-UTRA or 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

	8
	N41
	
	16
	25
	25
	
	
	25
	25
	25
	25
	25
	25
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For 2UL/2DL UE coexistence study 2nd, 3rd, 4th and 5th order harmonics and 2nd, 3rd, 4th and 5th order intermodulation products were calculated and presented in Table 6.1.x.5-1.
Table 6.1.x.5-1: Harmonic and IMD analysis
	UE UL carriers
	fx_low
	fx_high
	fy_low
	fy_high

	UL frequency (MHz)
	880
	915
	2496
	2690

	2nd harmonics frequency limits
	2*fx_low
	2*fx_high
	2* fy_low
	2* fy_high

	2nd harmonics frequency limits (MHz)
	1760
	1830
	4992
	5380

	3rd harmonics frequency limits
	3*fx_low
	3*fx_high
	3* fy_low
	3* fy_high

	3rd harmonics frequency limits (MHz)
	2640
	2745
	7488
	8070

	4th harmonics frequency limits
	4*fx_low
	4*fx_high
	4* fy_low
	4* fy_high

	4th harmonics frequency limits (MHz)
	3520
	3660
	9984
	10760

	5th harmonics frequency limits
	5*fx_low
	5*fx_high
	5* fy_low
	5* fy_high

	5th harmonics frequency limits (MHz)
	4400
	4575
	12480
	13450

	Two tone 2nd order IMD products
	fy_low – fx_high
	fy_high – fx_low
	fx_low + fy_low
	fx_high + fy_high

	IMD frequency limits (MHz)
	1581
	1810
	3376
	3605

	Two-tone 3rd order IMD products
	|2*fx_low – fy_high|
	|2*fx_high – fy_low|
	2*fy_low – fx_high
	2*fy_high – fx_low

	IMD frequency limits (MHz)
	930
	666
	4077
	4500

	Two-tone 3rd order IMD products
	2*fx_low + fy_low
	2*fx_high + fy_high
	2*fy_low + fx_low
	2*fy_high + fx_high

	IMD frequency limits (MHz)
	4256
	4520
	5872
	6295

	Two-tone 4th order IMD products
	|3*fx_low – fy_high|
	|3*fx_high – fy_low|
	3*fy_low – fx_high
	3*fy_high – fx_low

	IMD frequency limits (MHz)
	50
	-249
	6573
	7190

	Two-tone 4th order IMD products
	3*fx_low + fy_low
	3*fx_high + fy_high
	3*fy_low + fx_low
	3*fy_high + fx_high

	IMD frequency limits (MHz)
	5136
	5435
	8368
	8950

	Two-tone 4th order IMD products
	2*fy_low – 2*fx_high
	2*fy_high – 2*fx_low
	2*fx_low + 2*fy_low
	2*fx_high + 2*fy_high

	IMD frequency limits (MHz)
	3162
	3620
	6752
	7210

	Two-tone 5th order IMD products
	|4*fx_low – fy_high|
	|4*fx_high – fy_low|
	4*fy_low – fx_high
	4*fy_high – fx_low

	IMD frequency limits (MHz)
	-830
	-1164
	9069
	9880

	Two-tone 5th order IMD products
	4*fx_low + fy_low
	4*fx_high + fy_high
	4*fy_low + fx_low
	4*fy_high + fx_high

	IMD frequency limits (MHz)
	6016
	6350
	10864
	11675

	Two-tone 5th order IMD products
	|3*fx_low – 2*fy_high|
	|3*fx_high – 2*fy_low|
	3*fy_low – 2*fx_high
	3*fy_high – 2*fx_low

	IMD frequency limits (MHz)
	2740
	2247
	5658
	6310

	Two-tone 5th order IMD products
	2*fx_low + 3*fy_low
	2*fx_high + 3*fy_high
	2*fy_low + 3*fx_low
	2*fy_high + 3*fx_high

	IMD frequency limits (MHz)
	9248
	9900
	7632
	8125



Based on above table, 
· the 3rd order harmonic of Band 8 will fall into Band 41.
· the 3rd and 5th order IMD may fall into Rx frequencies of band n8 and the 5th order IMD may fall into Rx frequencies of Band 41. However IMD is not an issue for Band 41 since it is a TDD band. MSD need to be considered only for Band 8.
Regarding the MSD due to 3rd order and 5th order IMD, we propose to reuse the corresponding values from 36.101. Table 6.1.x.5-2 lists the MSD required due to 3rd order and 5th IMD for EN-DC_8_n41.
Table 6.1.x.5-2: MSD due to IMD issue
	NR or E-UTRA Band / Channel bandwidth / NRB / MSD
	IMD order

	EN-DC
Configuration
	EUTRA/NR band
	UL Fc 
(MHz)
	UL/DL BW 
(MHz)
	UL 
CLRB
	DL Fc (MHz)
	MSD 
(dB)
	Duplex mode
	

	DC_8A_n41A
DC_8A_n41C
DC_8A_n41(2A)
	8 
	882.5
	5
	25 
	927.5
	12.1
	FDD
	IMD3x

	
	n41
	2685
	10
	50 
	 2685
	N/A 
	TDD
	N/A

	NOTE x:	This band is subject to IMD5 also which MSD is not specified.



Regarding the MSD due to harmonics of Band 8 fall into Band41, it is FFS. a diplexer is adopted to combine the two bands, i.e. diplexer + duplexer architecture is used to estimate the MSD due to 3rd harmonic.
Reference sensitivity exceptions for DC_8_n41 are proposed in Table 6.1.x.5-3 with uplink configuration specified in Table 6.1.x.5-4.
Table 6.1.x.5-3: MSD due to UL harmonic for EN-DC in NR FR1

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

	8
	N418,9
	N/A
	20
	18.3
	17.1
	
	
	14.2
	13.3
	12.5
	11.4
	10.9
	10.5

	8
	N4110
	N/A
	0.5
	0.4
	0.3
	
	
	0
	0
	0
	0
	0
	0

	NOTE 8:	These requirements apply when there is at least one individual RE within the uplink transmission bandwidth of a low band for which the 3rd transmitter harmonic is within the downlink transmission bandwidth of a high band.

NOTE 9:	The requirements should be verified for UL EARFCN of a low band (superscript LB) such that in MHz and  with the carrier frequency of a high band in MHz and  the channel bandwidth configured in the low band.




NOTE 10:	The requirements are only applicable to channel bandwidths with a carrier frequency at  MHz offset from  in the victim (higher band) with , whereandare the channel bandwidths configured in the aggressor (lower) and victim (higher) bands in MHz, respectively.




Table 6.1.x.5-4: Uplink configuration for reference sensitivity exceptions due to UL harmonic interference for EN-DC in NR FR1
	
	E-UTRA or 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

	8
	N41
	
	16
	25
	25
	
	
	25
	25
	25
	25
	25
	25



<End of TP >
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