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Introduction
This contribution presents a Text proposal on MSD for CA_n8-n41 for TR 38.716-02-00.
Discussion
According to the interference analysis captured in TR 38.716-02-00 v0.3.0, the 3rd order harmonic of band 8 uplink will fall into part of Band 41. MSD is needed to reflect this type of interference.
Table 2-1: Impact of UL/DL Harmonic 
	
	
	
	
	
	2nd Harmonic
	3rd Harmonic
	4th Harmonic

	Band
	UL Low Band Edge
	UL High Band Edge
	DL Low Band Edge
	DL High Band Edge
	UL Low Band Edge
	UL High Band Edge
	UL Low Band Edge
	UL High Band Edge
	UL Low Band Edge
	UL High Band Edge

	n8
	880
	915
	925
	960
	1760
	1830
	2640
	2745
	3520
	3660

	n41
	2496
	2690
	2496
	2690
	4992
	5380
	7488
	8070
	9984
	10760



It should be noted that the main interest for this combination comes from Japan and China. In China, only CMCC will use this combination since the whole Band 41 will be used by CMCC. The uplink frequency of CMCC in Band 8 is 889-909MHz, which means the direct hitting frequency will be 2667-2675MHz. in Japan the direct hitting frequency will be 2640-2645MHz according to the spectrum allocation in Japan shown as in below figure. 
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For both cases, only a small portion of the whole spectrum of 2.6 GHz band is affected. We propose to use scheduling method to avoid simultaneous scheduling of the concerned frequency ranges. Based on this assumption and the analysis in [1], reference sensitivity exceptions for CA_n8-n41 are proposed in Table 2-2 with uplink configuration specified in Table 2-3.
Table 2-2: MSD due to UL harmonic for CA_n8-n41
	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)

	n8
	n418,9
	N/A
	20
	18.3
	17.1
	
	
	14.2
	13.3
	12.5
	11.4
	10.9
	10.5

	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 3rd transmitter harmonic is within the downlink transmission bandwidth of a high band.

NOTE 5	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.




Table 2-3: Uplink configuration for reference sensitivity exceptions due to UL harmonic interference for CA_n8-n41
	
	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

	n8
	n41
	
	16
	25
	25
	
	
	25
	25
	25
	25
	25
	25



It is proposed to approve the text proposal in the annex.
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Table 6.9.1.1-1: CA band combination of band n8+n41
	NR Band
	Uplink (UL) band
	Downlink (DL) band
	Duplex
mode

	
	BS receive / UE transmit
	BS transmit / UE receive
	

	
	FUL_low   –  FUL_high
	FDL_low   –  FDL_high
	

	n8
	880 MHz
	–
	915 MHz
	925 MHz
	–
	960 MHz
	FDD

	n41
	2496 MHz
	–
	2690 MHz
	2496 MHz
	–
	2690 MHz
	TDD



[bookmark: _Toc523930196][bookmark: _Toc530558196]6.9.1.2		Channel bandwidths per operating band for CA
Table 6.9.1.2-1: Supported bandwidths per CA band combination of band n8+n41
	CA operating / channel bandwidth [MHz]

	NR CA Configuration
	UL Configuration
	NR Band
	SCS [kHz]
	5
	10
	15
	20
	25
	30
	40
	50
	60
	80
	90
	100
	Bandwidth combination set

	CA_n8A-n41A
	CA_n8A-n41A
	n8
	15
	Yes
	Yes
	Yes
	Yes
	
	
	
	
	
	
	
	
	0

	
	
	
	30
	
	Yes
	Yes
	Yes
	
	
	
	
	
	
	
	
	

	
	
	
	60
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	n41
	15
	
	Yes
	Yes
	Yes
	
	
	Yes
	Yes
	
	
	
	
	

	
	
	
	30
	
	Yes
	Yes
	Yes
	
	
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	

	
	
	
	60
	
	Yes
	Yes
	Yes
	
	
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	



[bookmark: _Toc523930197][bookmark: _Toc530558197]6.9.1.3		UE co-existence studies
Table 6.9.1.3-1/2 summarizes frequency ranges where harmonics and/or harmonics mixing occur for CA_n8-n41.
Table 6.9.1.3-1: Impact of UL/DL Harmonic 
	
	
	
	
	
	2nd Harmonic
	3rd Harmonic
	4th Harmonic

	Band
	UL Low Band Edge
	UL High Band Edge
	DL Low Band Edge
	DL High Band Edge
	UL Low Band Edge
	UL High Band Edge
	UL Low Band Edge
	UL High Band Edge
	UL Low Band Edge
	UL High Band Edge

	n8
	880
	915
	925
	960
	1760
	1830
	2640
	2745
	3520
	3660

	n41
	2496
	2690
	2496
	2690
	4992
	5380
	7488
	8070
	9984
	10760



Based on above table, the 3rd order harmonic of Band n8 will fall into Band n41.
Table 6.9.1.3-2: Impact of UL/DL Harmonic mixing
	
	
	
	
	
	2nd Harmonic
	3rd Harmonic
	mth Harmonic

	Band
	UL Low Band Edge
	UL High Band Edge
	DL Low Band Edge
	DL High Band Edge
	DL Low Band Edge
	DL High Band Edge
	DL Low Band Edge
	DL High Band Edge
	DL Low Band Edge
	DL High Band Edge

	n8
	880
	915
	925
	960
	1850
	1920
	2775
	2880
	
	

	n41
	2496
	2690
	2496
	2690
	4992
	5380
	7488
	8070
	
	



Based on above table, there is no harmonic mixing issue for the band combination of n8 and n41.
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For CA_n8-n41 , the TIB,c and RIB,c values are given in the tables below.
Table 6.9.1.4-1: ΔTIB,c
	Inter-band CA Configuration
	NR Band
	ΔTIB,c [dB]

	CA_n8-n41
	n8
	0.3

	
	n41
	0.3



Table 6.9.1.4-2: ΔRIB,c
	Inter-band CA Configuration
	NR Band
	ΔRIB,c [dB]

	CA_n8-n41
	n8
	0

	
	n41
	0



[bookmark: _Toc523930199][bookmark: _Toc530558199]6.9.1.5		REFSENS requirements
MSD needs to be considered for Band n41 due to 3rd harmonic interference from Band n8. 
According to the interference analysis in section 6.9.1.3 and the spectrum situation of operators that will using this combination, only a small portion of the whole spectrum of 2.6 GHz band is affected, e.g. the direct hitting frequency in China is 2667-2675MHz and 2640-2645MHz in Japan . We propose to use scheduling method to avoid simultaneous scheduling of the concerned frequency ranges. Based on this assumption, only diplexer insertion loss is considered to estimate the MSD due to 3rd harmonic. 
The reference sensitivity exceptions for CA_n8-n41 are proposed in Table 2-2 with the uplink configurations specified in Table 2-3.
Table 6.9.1.5-1: MSD due to UL harmonic for CA_n8-n41
	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)

	n8
	n418,9
	N/A
	20
	18.3
	17.1
	
	
	14.2
	13.3
	12.5
	11.4
	10.9
	10.5

	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 3rd transmitter harmonic is within the downlink transmission bandwidth of a high band.

NOTE 5	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.




Table 6.9.1.5-2: Uplink configuration for reference sensitivity exceptions due to UL harmonic interference for CA_n8-n41
	
	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

	n8
	n41
	
	16
	25
	25
	
	
	25
	25
	25
	25
	25
	25



[bookmark: _Toc523930200][bookmark: _Toc530558200]6.9.2		Specific for 2 bands UL CA
[bookmark: _Toc523930201][bookmark: _Toc530558201]6.9.2.1		UE co-existence studies
Table 6.9.2.1-1 gives IMD interference analysis for CA_ n8-n41 with 2 ULs.
Table 6.9.2.1-1: Band n8 and Band n41 UL harmonics and IMD products
	UE UL carriers
	fx_low
	fx_high
	fy_low
	fy_high

	UL frequency range
	880
	915
	2496
	2690

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

	
	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|

	
	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|

	
	4256
	4520
	5872
	6295

	Two-tone 3rd order IMD products
	|fx_low-max BW fy|
	|fx_high+max BW fy|
	|fy_low-max BW fx|
	|fy_high+max BW fx|

	
	780
	1015
	2476
	2710

	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|

	
	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|

	
	5136
	5435
	8368
	8985

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

	
	3620
	3162
	6752
	7210

	Two-tone 4th order IMD products*1
	|fy_low – fx_high|
	|fy_high – fx_low|
	|fy_low + fx_low|
	|fy_high + fx_high|

	
	1581
	1810
	3376
	3605

	Two-tone 4th order IMD products*1
	2*fx_low
	2*fx_high
	2* fy_low
	2* fy_high

	
	1760
	1830
	4992
	5380

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

	
	9880
	9069
	1164
	830

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

	
	10864
	11675
	6016
	6350

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

	
	6310
	5658
	2247
	2740

	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|

	
	9248
	9900
	7632
	8125

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

	
	2640
	2745
	7488
	8070

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

	
	930
	666
	4077
	4500

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

	
	4256
	4520
	5872
	6295

	NOTE1: The center frequency of this IMD is the same as that of 2nd harmonics and IMD. It is depending on the proponents of each band combination to include the impact of this IMD in MSD analysis.
NOTE2: The center frequency of this IMD is the same as that of 3rd harmonics and IMD. It is depending on the proponents of each band combination to include the impact of this IMD in MSD analysis.



Based on above table, the 3rd and 5th order IMD may fall into Rx frequencies of band n8 and the 3rd order IMD may fall into Rx frequencies of Band n41. However IMD is not an issue for Band n41 since it is a TDD band. MSD need to be considered for Band n8.
Table 6.9.2.1-2 lists the protected bands required for the 2UL bands CA configuration.
Table 6.9.2.1-2: Protected bands for the 2UL bands CA configuration
	NR CA Configuration
	Spurious emission

	
	Protected Band
	Frequency range (Mhz)
	Maximum Level (dBm)
	MBW (MHz)
	NOTE

	CA_n8A-n41A
	E-UTRA Band 1, 28, 34, 39, 40, 45, 50, 51, 65, 73,74, n77,78,79
	FDL_low
	-
	FDL_high
	-50
	1
	 

	
	E-UTRA band 3, 42, 52
	FDL_low
	-
	FDL_high
	-50
	1
	2

	
	E-UTRA band 11, 21
	FDL_low
	-
	FDL_high
	-50
	1
	

	
	Frequency range
	1884.5
	-
	1915.7
	-41
	0.3
	3

	NOTE 1:	FDL_low and FDL_high refer to each frequency band specified in Table 5.2-1 or Table 5.5-1 in TS 36.101
NOTE 2:	As exceptions, measurements with a level up to the applicable requirements defined in Table 6.5.3.1-2 are permitted for each assigned NR carrier used in the measurement due to 2nd, 3rd, 4th or 5th harmonic spurious emissions. Due to spreading of the harmonic emission the exception is also allowed for the first 1 MHz frequency range immediately outside the harmonic emission on both sides of the harmonic emission. This results in an overall exception interval centred at the harmonic emission of (2MHz + N x LCRB x 180kHz), where N is 2, 3, 4, 5 for the 2nd, 3rd, 4th or 5th harmonic respectively. The exception is allowed if the measurement bandwidth (MBW) totally or partially overlaps the overall exception interval.
NOTE 3:	Applicable when co-existence with PHS system operating in 1884.5 - 1915.7 MHz.



[bookmark: _Toc523930202][bookmark: _Toc530558202]6.9.2.2		REFSENS requirements
Table 6.9.2.2-1 lists the MSD required due to 3rd order and 5th IMD for the dual uplink configuration.
Table 6.9.2.2-1: MSD due to IMD issue
	Operating 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_8A-41A
	8 
	882.5
	5
	25 
	927.5
	12.1
	FDD
	IMD34

	
	41
	2685
	10
	50 
	 2685
	N/A 
	TDD
	N/A

	NOTE 1:	Both of the transmitters shall be set min(+20 dBm, PCMAX_L,c).
NOTE 2:	RBSTART = 0. 
NOTE 3:	15kHz SCS is assumed.
NOTE 4:	This band is subject to IMD5 also which MSD is not specified.
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