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Foreword
This Technical Report has been produced by the 3rd Generation Partnership Project (3GPP).
The contents of the present document are subject to continuing work within the TSG and may change following formal TSG approval. Should the TSG modify the contents of the present document, it will be re-released by the TSG with an identifying change of release date and an increase in version number as follows:
Version x.y.z
where:
x	the first digit:
1	presented to TSG for information;
2	presented to TSG for approval;
3	or greater indicates TSG approved document under change control.
y	the second digit is incremented for all changes of substance, i.e. technical enhancements, corrections, updates, etc.
z	the third digit is incremented when editorial only changes have been incorporated in the document.
[bookmark: _Toc519489385]
1	Scope
The present document is a technical report for 2DL/1UL Inter-band Carrier Aggregation under Rel-15 time frame. The purpose is to gather the relevant background information and studies in order to address 2DL/1UL Inter-band Carrier Aggregation requirements for the Rel-15 band combinations in Table 1-1.
Table 1-1: Release 15 2DL/1UL inter-band carrier aggregation combinations
	CA combination
	REL independent from

	CA_20A-40A
	12

	CA_38A-40A
	10

	CA_1A-7A
	10

	CA_7A-20A
	10

	CA_8A-20A
	10

	CA_34A-39A
	10

	CA_34A-41A
	10

	CA_40A-43A
	10

	CA_42A-43A
	10

	CA_8A-32A
	10

	CA_8A-38A
	12

	CA_66A-70A
	10

	CA_11A-26A
	10

	CA_4A-71A
	10

	CA_66A-71A
	10

	CA_2A-14A
	10

	CA_14A-66A
	10

	CA_14A-30A
	10

	CA_2A-71A
	10



This TR contains a band specific combination part. The actual requirements are added to the corresponding technical specifications.
[bookmark: _Toc519489386]2	References
The following documents contain provisions which, through reference in this text, constitute provisions of the present document.
-	References are either specific (identified by date of publication, edition number, version number, etc.) or non‑specific.
-	For a specific reference, subsequent revisions do not apply.
-	For a non-specific reference, the latest version applies. In the case of a reference to a 3GPP document (including a GSM document), a non-specific reference implicitly refers to the latest version of that document in the same Release as the present document.
[1]	3GPP TR 21.905: "Vocabulary for 3GPP Specifications".
[2]	RP-171026,	“New WID on LTE Advanced inter-band CA Rel-15 for 2DL/1UL”
[3]	3GPP TS 36.101 [3]: “Evolved Universal Terrestrial Radio Access (E-UTRA); User Equipment (UE) radio transmission and reception”
[bookmark: _Toc519489387]3	Definitions, symbols and abbreviations
[bookmark: _Toc519489388]3.1	Definitions
For the purposes of the present document, the terms and definitions given in TR 21.905 [1] and the following apply. 
A term defined in the present document takes precedence over the definition of the same term, if any, in TR 21.905 [1].
[bookmark: _Toc519489389]3.2	Symbols
For the purposes of the present document, the following symbols apply:
ΔRIB,c	Allowed reference sensitivity relaxation due to support for inter-band CA operation, for serving cell c.
ΔTIB,c	Allowed maximum configured output power relaxation due to support for inter-band CA operation, for serving cell c.

[bookmark: _Toc519489390]3.3	Abbreviations
For the purposes of the present document, the abbreviations given in TR 21.905 [2] and the following apply. 
An abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in TR 21.905 [2].
BCS	Bandwidth Combination Set
CA	Carrier Aggregation
CA_X	Intra-band contiguous CA of component carriers in one sub-block within Band X where X is the applicable E-UTRA operating band
CA_X-X	Intra-band non-contiguous CA of component carriers in two sub-blocks within Band X where X is the applicable E-UTRA operating band 
CA_X-Y	Inter-band CA of component carrier(s) in one sub-block within Band X and component carrier(s) in one sub-block within Band Y where X and Y are the applicable E-UTRA operating band
CA_X-X-Y	CA of component carriers in two sub-blocks within Band X and component carrier(s) in one sub-block within Band Y where X and Y are the applicable E-UTRA operating bands
DL	Downlink
E-UTRA	Evolved UMTS Terrestrial Radio Access
FDD	Frequency Division Duplex
REFSENS	Reference Sensitivity power level
TDD	Time Division Duplex
UE	User Equipment
UL	Up link

[bookmark: _Toc519489391]4	Background
The present document is a technical report for 2DL/1UL Inter-band Carrier Aggregation under Rel-15 timeframe. The document covers each band combination specific issues (i.e. one sub-clause defined per band combination)
[bookmark: _Toc519489392]4.1	TR Maintenance
A single company is responsible for introducing all approved TPs in the current TR, i.e. TR editor. However, it is the responsibility of the contact person of each band combination to ensure that the TPs related to the band combination have been implemented.
[bookmark: _Toc519489393]5	5 Band Carrier Aggregation with Single UL: Specific Band Combination Part
[bookmark: _Toc519489394]5.1	CA_20A-40A_1UL_BCS1
[bookmark: _Toc519489395]5.1.1	Operating band for CA
Table 5.1.1-1: Inter-band CA operating bands for CA_20-40
	E-UTRA CA Band
	E-UTRA Band
	Uplink (UL) operating band
	Downlink (DL) operating band
	Duplex Mode

	
	
	BS receive / UE transmit
	BS transmit / UE receive 
	

	
	
	FUL_low – FUL_high
	FDL_low – FDL_high
	

	CA_20-40
	20
	832 MHz
	–
	862 MHz
	791 MHz
	–
	821 MHz
	FDD

	
	40
	2300 MHz
	–
	2400 MHz
	2300 MHz
	–
	2400 MHz
	TDD



[bookmark: _Toc519489396]5.1.2	Channel bandwidths per operating band for CA
Table 5.1.2-1: E-UTRA CA configuration and bandwidth combination sets for 1UL CA_20A-40A
	E-UTRA CA configuration / Bandwidth combination set

	E-UTRA CA Configuration
	Uplink CA configurations
	E-UTRA Bands
	1.4
MHz
	3
MHz
	5
MHz
	10
MHz
	15
MHz
	20
MHz
	Maximum aggregated bandwidth
[MHz]
	Bandwidth combination set

	CA_20A-40A
	-
	20
	 
	 
	Yes
	Yes
	Yes
	
	35
	1

	
	
	40
	 
	
	
	Yes
	Yes
	Yes
	
	



NOTE:	For the UE that signals support of any bandwidth combination set for carrier aggregation, the UE shall support all single carrier bandwidths for the constituent bands as defined in table 5.6.1-1 of TS 36.101 [3] when operating in single carrier mode.
[bookmark: _Toc519489397]5.1.3	UE co-existence studies
CA_20A-40A has harmonic mixing issue, and the corresponding co-existence studies could be found in TR 36.852-13 for this CA combination.
[bookmark: _Toc519489398]5.1.4	∆TIB and ∆RIB values
For CA_20A-40A_1UL_BCS1, the same requirements on ∆TIB and ∆RIB of CA_20A-40A_1UL_BCS0 case can apply. Therefore, the TIB,c and RIB,c values are shown in table 5.1.4-1 and in table 5.1.4-2.
Table 5.1.4-1: IB,c
	Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c [dB] 


	CA_20A-40A
	20
	0.3

	
	40
	0.3



Table 5.1.4-2: R IB,c
	Inter-band CA Configuration
	E-UTRA Band
	ΔRIB,c [dB]


	CA_20A-40A
	20
	0

	
	40
	0



[bookmark: _Toc519489399]5.1.5	REFSENS
For the REFSENS of B20 for CA_20A-40A-40A_1UL_BCS1 due to harmonic mixing issue, the exceptions are shown in Table 5.1.5-1 and Table 5.1.5-2.
Table 5.1.5-1: Reference sensitivity for carrier aggregation QPSK PREFSENS, CA (exceptions due to harmonic issue)
	Channel bandwidth

	EUTRA CA Configuration
	EUTRA band
	1.4 MHz
(dBm)
	3 MHz
(dBm)
	5 MHz
(dBm)
	10 MHz
(dBm)
	15 MHz
(dBm)
	20 MHz
(dBm)
	Duplex mode

	CA_20A-40A15,16
	20
	
	
	-60.7
	-60.7
	-60.7
	
	FDD

	
	40
	
	
	
	-97
	-95.2
	-94
	TDD

	NOTE 1:	The transmitter shall be set to PUMAX as defined in subclause 6.2.5A.
NOTE 2:	Reference measurement channel is A.3.2 with one sided dynamic OCNG Pattern OP.1 FDD/TDD as described in Annex A.5.1.1/A.5.2.1
NOTE 3:	The signal power is specified per port.
NOTE 15:	These requirements apply when there is at least one individual RE within the downlink transmission bandwidth of the victim (lower) band for which the 3rd harmonic is within the uplink transmission bandwidth or the uplink adjacent channel’s transmission bandwidth of an aggressor (higher) band.


NOTE 16: The requirements should be verified for UL EARFCN of the aggressor (higher) band (superscript HB) such that  in MHz and  with [image: ] the carrier frequency in the victim (lower) band and [image: ] the channel bandwidth configured in the higher band.




Table 5.1.5-2: Uplink configuration for the low band (exceptions due to harmonic issue)
	E-UTRA Band / Channel bandwidth of the high band / NRB / Duplex mode

	EUTRA CA Configuration
	UL band
	1.4 MHz
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz
	Duplex mode

	CA_20A-40A3
	40
	
	
	25
	50
	75
	
	TDD

	NOTE 3:	3 refers to the UL resource blocks shall be located between 2373-2400MHz.



[bookmark: _Toc519489400]5.2	CA_38A-40A_1UL_BCS1
[bookmark: _Toc519489401]5.2.1	Operating band for CA
Table 5.2.1-1: Inter-band CA operating bands for CA_38-40
	E-UTRA CA Band
	E-UTRA Band
	Uplink (UL) operating band
	Downlink (DL) operating band
	Duplex Mode

	
	
	BS receive / UE transmit
	BS transmit / UE receive 
	

	
	
	FUL_low – FUL_high
	FDL_low – FDL_high
	

	CA_38-40
	38
	2570 MHz
	–
	2620 MHz
	2570 MHz
	–
	2620 MHz
	TDD

	
	40
	2300 MHz
	–
	2400 MHz
	2300 MHz
	–
	2400 MHz
	TDD



[bookmark: _Toc519489402]5.2.2	Channel bandwidths per operating band for CA
Table 5.2.2-1: E-UTRA CA configuration and bandwidth combination sets for 1UL CA_38A-40A
	E-UTRA CA configuration / Bandwidth combination set

	E-UTRA CA Configuration
	Uplink CA configurations
	E-UTRA Bands
	1.4
MHz
	3
MHz
	5
MHz
	10
MHz
	15
MHz
	20
MHz
	Maximum aggregated bandwidth
[MHz]
	Bandwidth combination set

	CA_38A-40A
	-
	38
	 
	 
	
	Yes
	Yes
	Yes
	40
	1

	
	
	40
	 
	
	
	Yes
	Yes
	Yes
	
	



NOTE:	For the UE that signals support of any bandwidth combination set for carrier aggregation, the UE shall support all single carrier bandwidths for the constituent bands as defined in table 5.6.1-1 of TS 36.101 [3] when operating in single carrier mode.
[bookmark: _Toc519489403]5.2.3	UE co-existence studies
[bookmark: _Toc519489404]CA_38A-40A is TDD-TDD CA combination and the co-existence studies could be found in TR 36.852-13.
[bookmark: _Toc519489405]5.2.4	∆TIB and ∆RIB values
The same requirements on ∆TIB and ∆RIB of CA_38A-40A_1UL_BCS0 case can apply for this case. Therefore, the TIB,c and RIB,c values are shown in table 5.2.4-1 and in table 5.2.4-2.
Table 5.2.4-1: TIB,c
	Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c [dB] 


	CA_38A-40A
	38
	04

	
	40
	04

	…
NOTE 4:	Only applicable for UE supporting inter-band carrier aggregation with uplink in one E-UTRA band and without simultaneous Rx/Tx.



Table 5.2.4-2: R IB,c
	Inter-band CA Configuration
	E-UTRA Band
	ΔRIB,c [dB] 


	CA_38A-40A
	38
	0.54

	
	40
	0.54

	…
NOTE 4:	Only applicable for UE supporting inter-band carrier aggregation with uplink in one E-UTRA band and without simultaneous Rx/Tx.



[bookmark: _Toc519489406]5.3	CA_1A-7A_1UL_BCS1
[bookmark: _Toc519489407]5.3.1	Channel bandwidths per operating band for CA
Table 5.3.1-1: Supported E-UTRA bandwidths per CA configuration for inter-band CA 
	CA operating / channel bandwidth
	Ma3imum aggregated bandwidth
[MHz]
	Bandwidth Combination Set

	E-UTRA CA Configuration
	E-UTRA Bands
	1.4 MHz
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz
	
	

	CA_1A-7A
	1
	
	
	Yes
	Yes
	Yes
	Yes
	40
	1

	
	7
	
	
	Yes
	Yes
	Yes
	Yes
	
	



[bookmark: _Toc519489408]5.3.2	Co-existence studies
The analysis has been done in CA_1A-7A_BCS0, No further analysis is needed.
[bookmark: _Toc519489409]5.3.3	ΔTIB and ΔRIB values
The UE architecture is same as that of CA_1A-7A_BCS0. Same values of TIB,c and ΔRIB,c can be re-used.
[bookmark: _Toc519489410]5.3.4	REFSENS requirements
REFSENS remain unchanged.
[bookmark: _Toc519489411]5.4	CA_7A-20A_1UL_BCS2
[bookmark: _Toc519489412]5.4.1	Channel bandwidths per operating band for CA
Table 5.4.1-1: Supported E-UTRA bandwidths per CA configuration for inter-band CA 
	CA operating / channel bandwidth
	Maximum aggregated bandwidth
[MHz]
	Bandwidth Combination Set

	E-UTRA CA Configuration
	E-UTRA Bands
	1.4 MHz
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz
	
	

	CA_7A-20A
	7
	
	
	Yes
	Yes
	Yes
	Yes
	40
	2

	
	20
	
	
	Yes
	Yes
	Yes
	Yes
	
	



[bookmark: _Toc519489413]5.4.2	Co-existence studies
The analysis has been done in CA_7A-20A_BCS0/CA_7A-20A_BCS1, No further analysis is needed.
[bookmark: _Toc519489414]5.4.3	ΔTIB and ΔRIB values
The UE architecture is same as that of CA_7A-20A_BCS0/ CA_7A-20A_BCS1. No different values of TIB,c and ΔRIB,c would be needed.
[bookmark: _Toc519489415]5.4.4	REFSENS requirements
REFSENS remain unchanged.
[bookmark: _Toc519489416]5.5	CA_2DL_8A-20A_1UL_BCS2
[bookmark: _Toc519489417]5.5.1	Operating bands for CA
Table 5.5.1-1: Inter-band CA operating bands
	E-UTRA CA Band
	E-UTRA Band
	Uplink (UL) operating band
	Downlink (DL) operating band
	Duplex Mode

	
	
	BS receive / UE transmit
	BS transmit / UE receive 
	

	
	
	FUL_low – FUL_high
	FDL_low – FDL_high
	

	CA_8-20
	8
	880 MHz
	–
	915 MHz
	925 MHz
	–
	960 MHz
	FDD

	
	20
	832 MHz
	–
	862 MHz
	791 MHz
	–
	821 MHz
	FDD



[bookmark: _Toc519489418]5.5.2	Channel bandwidths per operating band for CA
Table 5.5.2-1: Supported E-UTRA bandwidths per CA configuration for inter-band CA
	CA operating / Channel bandwidth
	Maximum aggregated bandwidth
[MHz]
	Bandwidth Combination Set

	CA Configuration
	E-UTRA Bands
	1.4 MHz
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz
	
	

	CA_8A-20A 
	8
	
	
	Yes
	Yes
	
	
	30
	2

	
	20
	
	
	
	Yes
	Yes
	Yes
	
	



[bookmark: _Toc519489419]5.5.3	Co-existence studies
Co-existence already studied when BCS0 for CA_8A-20A was introduced.
[bookmark: _Toc519489420]5.5.4	ΔTIB,c and ΔRIB,c values
Insertion loss values already defined when BCS0 for CA_8A-20A was introduced.
[bookmark: _Toc519489421]5.6	CA_34A-39A
[bookmark: _Toc519489422]5.6.1	Operating bands for CA
Table 5.6.1-1: 2DL Inter-band CA operating bands
	E-UTRA CA Band
	E-UTRA Band
	Uplink (UL) operating band
	Downlink (DL) operating band
	Duplex Mode

	
	
	BS receive / UE transmit
	BS transmit / UE receive 
	

	
	
	FUL_low – FUL_high
	FDL_low – FDL_high
	

	CA_34-39
	34
	2010 MHz
	--
	2025 MHz
	2010 MHz
	
	2025 MHz
	TDD

	
	39
	1880 MHz
	–
	1920 MHz
	1880 MHz
	–
	1920 MHz
	TDD



[bookmark: _Toc519489423]5.6.2	Channel bandwidths per operating band for CA
Table 5.6.2-1: Supported E-UTRA bandwidths per CA configuration for 2DL inter-band CA
	CA operating / Channel bandwidth
	Maximum aggregated bandwidth
[MHz]
	Bandwidth Combination Set

	CA Configuration
	E-UTRA Bands
	1.4 MHz
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz
	
	

	CA_34A-39A
	34
	
	
	yes
	yes
	yes
	
	35
	0

	
	39
	
	
	
	yes
	yes
	yes
	
	



[bookmark: _Toc519489424]5.6.3	Co-existence studies 
The harmonic frequencies are observed in Table 5.6.3-1: 
Table 5.6.3-1: Impact of UL/DL Harmonic Interference
	
	
	
	
	
	2nd  Harmonic
	3rd  Harmonic
	2nd  Harmonic
	3rd 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
	DL Low Band Edge
	DL High Band Edge
	DL Low Band Edge
	DL High Band Edge

	34
	2010
	2025
	2010
	2025
	4020
	4050
	6030
	6075
	4020
	4050
	6030
	6075

	39
	1880
	1920
	1880
	1920
	3760
	3840
	5640
	5760
	3760
	3840
	5640
	5760



The 2nd and 3rd order harmonics and IMD products caused in the BS by transmitting of Band 34 and Band 39 DL carriers can be calculated as shown in table 5.6.3-2 below:
Table 5.6.3-2: Band 34 and Band 39 DL harmonics and IMD products
	BS DL carriers
	f1_low
	f1_high
	f2_low
	f2_high

	DL frequency (MHz)
	1880
	1920
	2010
	2025

	2nd order harmonics frequency range (MHz)
	3760
	3840
	4020
	4050

	3rd order harmonics frequency range (MHz)
	5640
	5760
	6030
	6075

	
	
	
	
	

	2nd order IMD products
	(f2_low – f1_high)
	(f2_high – f1_low)
	(f2_low + f1_low)
	(f2_high + f1_high)

	IMD frequency limits (MHz)
	90
	145
	3890
	3945

	
	
	
	
	

	3rd order IMD products
	f2_low – 2*f1_high
	f2_high – 2*f1_low
	2*f2_low – f1_high
	2*f2_high – f1_low

	IMD frequency limits (MHz)
	1830
	1735
	2100
	2170

	
	
	
	
	

	3rd order IMD products
	(2*f1_low + f2_low)
	(2*f1_high + f2_high)
	(2*f2_low + f1_low)
	(2*f2_high + f1_high)

	IMD frequency limits (MHz)
	5770
	5865
	5900
	5970

	
	
	
	
	

	3rd order IMD products
	|f1_low – f2_high + f2_low|
	|f1_high + f2_high – f2_low|
	|f2_low – f1_high + f1_low|
	|f2_high + f1_high – f1_low|

	IMD frequency limits (MHz)
	1865
	1935
	1970
	2065

	
	
	
	
	

	3rd order IMD products
	(f1_low – max BW f2)
	(f1_high + max BW f2)
	(f2_low – max BW f1)
	(f2_high + max BW f1)

	IMD frequency limits (MHz)
	1865
	1935
	1990
	2045



It can be seen from table 5.6.3-2 that:
-	the 2nd harmonics of BS transmitting in Bands 34 and 39 may fall into BS receive band 43
-	and 3rd harmonics of BS transmitting in Bands 34 and 39 may fall into BS receive band 46
-	the 3rd IMD products may fall into BS receive Bands 1, 2, 3, 4, 9, 10, 23, 25, 33, 34, 35, 36, 37, 39, 46, 47, 65 and 66.
If the BS only transmits up to 15 MHz and 20 MHz DL in Band 34 and Band 39 respectively as stated in Table 5.6.2-1, the 3rd IMD products may still fall into the BS receive band of the Bands 1, 23, 34, 36 and 65 as shown in the last row in table 5.6.3-2.
In addition, it should be noted that Bands 2, 4, 9, 10, 23, 25, 33, 35, 36, 37, 46, 47, 65 and 66 are not intended for use in the same geographical area as Bands 34 and 39. This leaves Bands 1, 3, 34, and 39 to consider for IMD products.
It is recommended that Bands 34 and 39 BS transmitters do not share the same antenna with band of Bands 1, 3, 34 and 39 BS receivers so that the antenna PIM will not cause Bands 1, 3, 34, and 39 BS receiver desensitization.
[bookmark: _Toc519489425]5.6.4	ΔTIB,c and ΔRIB,c values
For TDD inter-band CA_B34_B39 UE supporting 2DL +1UL without simultaneous Rx/Tx, the TIB,c and RIB values are given in Table 5.6.4-1 and 5.6.4-2.
Table 5.6.4-1: ΔTIB,c for 2DL aggregation
	Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c [dB]

	CA_34A-39A
	34
	01

	
	39
	01

	NOTE 1:	Only applicable for UE supporting inter-band carrier aggregation with uplink in one E-UTRAN band and without simultaneous Rx/Tx



Table 5.x.4-2: ΔRIB,c for 2DL aggregation
	Inter-band CA Configuration
	E-UTRA Band
	ΔRIB,c [dB]

	CA_34A-39A
	34
	0.21

	
	39
	0.21

	NOTE 1:	Only applicable for UE supporting inter-band carrier aggregation with uplink in one E-UTRAN band and without simultaneous Rx/Tx



[bookmark: _Toc519489426]5.7	CA_34A-41A
[bookmark: _Toc519489427]5.7.1	Operating bands for CA
Table 5.7.1-1: 2DL Inter-band CA operating bands
	E-UTRA CA Band
	E-UTRA Band
	Uplink (UL) operating band
	Downlink (DL) operating band
	Duplex Mode

	
	
	BS receive / UE transmit
	BS transmit / UE receive 
	

	
	
	FUL_low – FUL_high
	FDL_low – FDL_high
	

	CA_34-41
	34
	2010 MHz
	--
	2025 MHz
	2010 MHz
	
	2025 MHz
	TDD

	
	41
	2496 MHz
	–
	2690 MHz
	2496 MHz
	–
	2690 MHz
	TDD



[bookmark: _Toc519489428]5.7.2	Channel bandwidths per operating band for CA
Table 5.7.2-1: Supported E-UTRA bandwidths per CA configuration for 2DL inter-band CA
	[bookmark: OLE_LINK3][bookmark: OLE_LINK4]CA operating / Channel bandwidth
	Maximum aggregated bandwidth
[MHz]
	Bandwidth Combination Set

	CA Configuration
	E-UTRA Bands
	1.4 MHz
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz
	
	

	CA_34A-41A
	34
	
	
	yes
	yes
	yes
	
	35
	0

	
	41
	
	
	
	
	
	yes
	
	



[bookmark: _Toc519489429]5.7.3	Co-existence studies 
The harmonic frequencies are observed in Table 5.7.3-1:
Table 5.7.3-1: Impact of UL/DL Harmonic Interference
	
	
	
	
	
	2nd Harmonic
	3rd Harmonic
	2nd Harmonic
	3rd 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
	DL Low Band Edge
	DL High Band Edge
	DL Low Band Edge
	DL High Band Edge

	34
	2010
	2025
	2010
	2025
	4020
	4050
	6030
	6075
	4020
	4050
	6030
	6075

	41
	2496
	2690
	2496
	2690
	4992
	5380
	7488
	8070
	4992
	5380
	7488
	8070



The 2nd and 3rd order harmonics and IMD products caused in the BS by transmitting of Band 34 and Band 41 DL carriers can be calculated as shown in table 5.7.3-2 below:
Table 5.7.3-2: Band 34 and Band 41 DL harmonics and IMD products
	BS DL carriers
	f1_low
	f1_high
	f2_low
	f2_high

	DL frequency (MHz)
	2010
	2025
	2496
	2690

	2nd order harmonics frequency range (MHz)
	4020
	4050
	4992
	5380

	3rd order harmonics frequency range (MHz)
	6030
	6075
	7488
	8070

	
	
	
	
	

	2nd order IMD products

	f2_low – f1_high
	f2_high – f1_low
	f2_low + f1_low
	f2_high + f1_high

	IMD frequency range (MHz)
	471
	680
	4506
	4715

	
	
	
	
	

	3rd order IMD products
	f2_low – 2*f1_high
	f2_high – 2*f1_low
	2*f2_low – f1_high
	2*f2_high – f1_low

	IMD frequency limits (MHz)
	1554
	1330
	2967
	3370

	
	
	
	
	

	3rd order IMD products
	(2*f1_low + f2_low)
	(2*f1_high + f2_high)
	(2*f2_low + f1_low)
	(2*f2_high + f1_high)

	IMD frequency limits (MHz)
	6516
	6740
	7002
	7405

	
	
	
	
	

	3rd order IMD products
	|f1_low – f2_high + f2_low|
	|f1_high + f2_high – f2_low|
	|f2_low – f1_high + f1_low|
	|f2_high + f1_high – f1_low|

	IMD frequency limits (MHz)
	1816
	2219
	2481
	2705

	
	
	
	
	

	3rd order IMD products
	(f1_low – max BW f2)
	(f1_high + max BW f2)
	(f2_low – max BW f1)
	(f2_high + max BW f1)

	IMD frequency limits (MHz)
	1990
	2045
	2481
	2705



It can be seen from table 5.7.3-2 that:
-	the 2nd harmonics of BS transmitting in Bands 34 and 39 may fall into BS receive band 46
-	the 3rd IMD products may fall into BS receive Bands 1, 2, 7, 11, 21, 23, 25, 33, 34, 35, 36, 37, 38, 41, 45 and 65.
If the BS only transmits up to 15 MHz and 20 MHz DL in Band 34 and Band 41 respectively as stated in Table 5.7.2-1, the 3rd IMD products may still fall into the BS receive band of the Bands 7, 23, 34, 38, 41 and 65 as shown in the last row in table 5.7.3-2.
In addition, it should be noted that Bands 2, 7, 11, 21, 23, 25, 33, 35, 36, 37, 38, 45 and 65 are not intended for use in the same geographical area as Bands 34 and 41. This leaves Bands 1, 34, and 41 to consider for IMD products.
It is recommended that Bands 34 and 41 BS transmitters do not share the same antenna with band of Bands 1, 34 and 41 BS receivers so that the antenna PIM will not cause Bands 1, 34, and 41 BS receiver desensitization.
[bookmark: _Toc519489430]5.7.4	ΔTIB,c and ΔRIB,c values
For TDD inter-band CA_34A_41A UE supporting 2DL +1UL without simultaneous Rx/Tx, the TIB,c and RIB values are given in Table 5.7.4-1 and 5.7.4-2.
Table 5.7.4-1: ΔTIB,c for 2DL aggregation
	Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c [dB]

	CA_34A-41A
	34
	01

	
	41
	01

	NOTE1:	Only applicable for UE supporting inter-band carrier aggregation with uplink in one E-UTRAN band and without simultaneous Rx/Tx



Table 5.7.4-2: ΔRIB,c for 2DL aggregation
	Inter-band CA Configuration
	E-UTRA Band
	ΔRIB,c [dB]

	CA_34A-41A
	34
	0.21

	
	41
	0.21

	NOTE1:	Only applicable for UE supporting inter-band carrier aggregation with uplink in one E-UTRAN band and without simultaneous Rx/Tx



[bookmark: _Toc519489431]5.8	CA_40A-43A_BCS0
[bookmark: _Toc519489432]5.8.1	Operating bands for CA
Table 5.8.1-1: 2DL Inter-band CA operating bands
	E-UTRA CA Band
	E-UTRA Band
	Uplink (UL) operating band
	Downlink (DL) operating band
	Duplex Mode

	
	
	BS receive / UE transmit
	BS transmit / UE receive 
	

	
	
	FUL_low – FUL_high
	FDL_low – FDL_high
	

	[bookmark: OLE_LINK33][bookmark: OLE_LINK34][bookmark: OLE_LINK35]CA_40-43
	40
	2300 MHz
	–
	2400 MHz
	2300 MHz
	–
	2400 MHz
	TDD

	
	43
	3600 MHz
	–
	3800 MHz
	3600 MHz
	–
	3800 MHz
	TDD



[bookmark: _Toc519489433]5.8.2	Channel bandwidths per operating band for CA
Table 5.8.2-1: Supported E-UTRA bandwidths per CA configuration for 2DL inter-band CA
	CA operating / Channel bandwidth
	Maximum aggregated bandwidth
[MHz]
	Bandwidth Combination Set

	CA Configuration
	E-UTRA Bands
	1.4 MHz
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz
	
	

	[bookmark: _Hlk472062290]CA_40A-43A
	40
	
	
	Yes
	Yes
	Yes
	Yes
	40
	0

	
	43
	
	
	Yes
	Yes
	Yes
	Yes
	
	



NOTE:	For the UE that signals support of any bandwidth combination set for carrier aggregation, the UE shall support all single carrier bandwidths for the constituent bands as defined in Table 5.6.1-1 of TS 36.101 [3] when operating in single carrier mode.
[bookmark: _Toc519489434]5.8.3	Co-existence studies 
[bookmark: OLE_LINK52][bookmark: OLE_LINK53][bookmark: OLE_LINK50][bookmark: OLE_LINK51]Table 5.8.3-1 gives the harmonic frequency limits for Band 40 and Band 43 2DL CA. As shown in the table, UL carrier of CA_40A-43A _BCS0 is not located at 2nd order harmonics or 3rd order harmonics of DL carriers.
Table 5.8.3-1: DL harmonics frequency limits for CA of Band 40 and Band 43
	[bookmark: OLE_LINK58][bookmark: OLE_LINK59]DL carriers
	f1_low
	f1_high
	f2_low
	f2_high

	DL frequency (MHz)
	2300
	2400
	3600
	3800

	2nd order DL harmonics frequency range (MHz)
	4600 to 4800
	7200 to 7600

	3rd order DL harmonics frequency range (MHz)
	6900 to 7200
	10800 to 11400



As shown in Table 5.8.3-2, the harmonic frequencies of Band 40 and Band 43 in UL are away from the receive bands of interest in the DL and we can conclude that there is no issue on UL harmonic interference.
Table 5.8.3-2: UL harmonics frequency limits for CA of Band 40 and Band 43
	
	
	
	
	
	2nd  Harmonic
	3rd  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

	40
	2300
	2400
	2300
	2400
	4600
	4800
	6900
	7200

	43
	3600
	3800
	3600
	3800
	7200
	7600
	10800
	11400



[bookmark: _Toc519489435]5.8.4	∆TIB,c and ∆RIB,c values
For 2DL/1UL CA_2DL_40A-43A_1UL_BCS0, the TIB,c and RIB,c  values are shown in table 5.8.4-1 and table 5.8..4-2, respectively.
Table 5.8.4-1: ΔTIB,c
	Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c  [dB]

	CA_40A-43A
	40
	04

	
	43
	0.54

	NOTE 4:	Only applicable for UE supporting inter-band carrier aggregation with uplink in one E-UTRA band and without simultaneous Rx/Tx.



Table 5.8.4-2: ΔRIB,c
	Inter-band CA Configuration
	E-UTRA Band
	ΔRIB,c  [dB]

	CA_40A-43A
	40
	0.44

	
	43
	0.54

	NOTE 4:	Only applicable for UE supporting inter-band carrier aggregation with uplink in one E-UTRA band and without simultaneous Rx/Tx.



[bookmark: _Toc519489436]5.8.5	REFSENS requirements
No MSD issue for this CA_2DL_40A-43A_1UL_BCS0, since the CA bands are synchronized.
[bookmark: _Toc519489437]5.9	CA_42A-43A_BCS0
[bookmark: _Toc519489438]5.9.1	Operating bands for CA
Table 5.9.1-1: 2DL Inter-band CA operating bands
	E-UTRA CA Band
	E-UTRA Band
	Uplink (UL) operating band
	Downlink (DL) operating band
	Duplex Mode

	
	
	BS receive / UE transmit
	BS transmit / UE receive 
	

	
	
	FUL_low – FUL_high
	FDL_low – FDL_high
	

	CA_42-43
	42
	3400 MHz
	–
	3600 MHz
	3400 MHz
	–
	3600 MHz
	TDD

	
	43
	3600 MHz
	–
	3800 MHz
	3600 MHz
	–
	3800 MHz
	TDD



[bookmark: _Toc519489439]5.9.2	Channel bandwidths per operating band for CA
Table 5.9.2-1: Supported E-UTRA bandwidths per CA configuration for 2DL inter-band CA
	CA operating / Channel bandwidth
	Maximum aggregated bandwidth
[MHz]
	Bandwidth Combination Set

	CA Configuration
	E-UTRA Bands
	1.4 MHz
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz
	
	

	CA_42A-43A
	42
	
	
	Yes
	Yes
	Yes
	Yes
	40
	0

	
	43
	
	
	Yes
	Yes
	Yes
	Yes
	
	



NOTE:	For the UE that signals support of any bandwidth combination set for carrier aggregation, the UE shall support all single carrier bandwidths for the constituent bands as defined in Table 5.6.1-1 of TS 36.101 [3] when operating in single carrier mode.
[bookmark: _Toc519489440]5.9.3	Co-existence studies 
Table 5.9.3-1 gives the harmonic frequency limits for Band 42 and Band 43 2DL CA. As shown in the table, UL carrier of CA_42A-43A _BCS0 is not located at 2nd order harmonics or 3rd order harmonics of DL carriers.
Table 5.9.3-1: DL harmonics frequency limits for CA of Band 42 and Band 43
	DL carriers
	f1_low
	f1_high
	f2_low
	f2_high

	DL frequency (MHz)
	3400
	3600
	3600
	3800

	2nd order DL harmonics frequency range (MHz)
	6800 to 7200
	7200 to 7600

	3rd order DL harmonics frequency range (MHz)
	10200 to 10800
	10800 to 11400



As shown in Table 5.9.3-2, the harmonic frequencies of Band 42 and Band 43 in UL are away from the receive bands of interest in the DL and we can conclude that there is no issue on UL harmonic interference.
Table 5.9.3-2: UL harmonics frequency limits for CA of Band 42 and Band 43
	
	
	
	
	
	2nd  Harmonic
	3rd  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

	42
	3400
	3600
	3400
	3600
	6800
	7200
	10200
	10800

	43
	3600
	3800
	3600
	3800
	7200
	7600
	10800
	11400



[bookmark: _Toc519489441]5.9.4	∆TIB,c and ∆RIB,c values
For 2DL/1UL CA_2DL_42A-43A_1UL_BCS0, the TIB,c and RIB,c  values are shown in table 5.9.4-1 and table 5.9.4-2, respectively. It is common understanding that the single carrier for Band 42 and Band 43 share the same RF chain and filter component, thus the inter-band CA for 42A-43A can be operated as intra-band non-contiguous CA for the frequency range covering Band 42+43. Thus theΔTIB,c and ΔRIB,c will be 0 which is same as single carrier.
Table 5.9.4-1: ΔTIB,c for 2DL aggregation
	Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c  [dB]

	CA_42A-43A
	42
	04

	
	43
	04

	NOTE 4:	Only applicable for UE supporting inter-band carrier aggregation with uplink in one E-UTRA band and without simultaneous Rx/Tx.



Table 5.9.4-2: ΔRIB,c for 2DL aggregation
	Inter-band CA Configuration
	E-UTRA Band
	ΔRIB,c  [dB]

	CA_42A-43A
	42
	04

	
	43
	04

	NOTE 4:	Only applicable for UE supporting inter-band carrier aggregation with uplink in one E-UTRA band and without simultaneous Rx/Tx.



[bookmark: _Toc519489442]5.9.5	REFSENS requirements
No MSD issue for this CA_2DL_42A-43A_1UL_BCS0, since the CA bands are synchronized.
[bookmark: _Toc519489443]5.10	CA_8A-32A_BCS0
[bookmark: _Toc519489444]5.10.1	Operating bands for CA
Table 5.10.1-1: 2DL Inter-band CA operating bands
	E-UTRA CA Band
	E-UTRA Band
	Uplink (UL) operating band
	Downlink (DL) operating band
	Duplex Mode

	
	
	BS receive / UE transmit
	BS transmit / UE receive 
	

	
	
	FUL_low – FUL_high
	FDL_low – FDL_high
	

	CA_8-32
	8
	880 MHz
	–
	915 MHz
	925 MHz
	–
	960 MHz
	FDD

	
	32
	N/A
	1452 MHz
	–
	1496 MHz
	FDD



[bookmark: _Toc519489445]5.10.2	Channel bandwidths per operating band for CA
Table 5.10.2-1: Supported E-UTRA bandwidths per CA configuration for 2DL inter-band CA
	CA operating / Channel bandwidth
	Maximum aggregated bandwidth
[MHz]
	Bandwidth Combination Set

	CA Configuration
	E-UTRA Bands
	1.4 MHz
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz
	
	

	CA_8A-32A
	8
	
	Yes
	[bookmark: OLE_LINK38][bookmark: OLE_LINK39]Yes
	Yes
	
	
	30
	0

	
	32
	
	
	Yes
	Yes
	Yes
	Yes
	
	



NOTE:	For the UE that signals support of any bandwidth combination set for carrier aggregation, the UE shall support all single carrier bandwidths for the constituent bands as defined in Table 5.6.1-1 of TS 36.101 [3] when operating in single carrier mode.
[bookmark: _Toc519489446]5.10.3	Co-existence studies 
Table 5.10.3-1 gives the harmonic frequency limits for Band 8 and Band 32 2DL CA. As shown in the table, UL carrier of CA_8A-32A_BCS0 is not located at 2nd order harmonics or 3rd order harmonics of DL carriers.
Table 5.10.3-1: DL harmonics frequency limits for CA of Band 8 and Band 32
	DL carriers
	f1_low
	f1_high
	f2_low
	f2_high

	DL frequency (MHz)
	925
	960
	1452
	1496

	2nd order DL harmonics frequency range (MHz)
	1850 to 1920
	2904 to 2992

	3rd order DL harmonics frequency range (MHz)
	2775 to 2880
	4356 to 4488



As shown in Table 5.10.3-2, the harmonic frequencies of Band 8 and Band 32 in UL are away from the receive bands of interest in the DL and we can conclude that there is no issue on UL harmonic interference.
Table 5.10.3-2: UL harmonics frequency limits for CA of Band 8 and Band 32
	
	
	
	
	
	2nd  Harmonic
	3rd  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

	8
	880
	915
	925
	960
	1760
	1830
	2640
	2745

	32
	N/A
	N/A
	1452
	1496
	N/A
	N/A
	N/A
	N/A



[bookmark: _Toc519489447]5.10.4	∆TIB,c and ∆RIB,c values
The CA_8A-32A belongs to the Low-Mid band combination class, in which the dTib =0.3/dRib =0 were defined for the low band. For the Mid band, due to the extended high-low type of diplexers may be used, thus the dTib =0.4/dRib =0 may apply for the Mid band e.x. Band 11. However for the CA_8A-32A, Band 32 is downlink only. So there is no need to define dTib for Band 32.
For two simultaneous DL and only one UL, the TIB,c and RIB,c  values are shown in table 5.10.4-1 and table 5.10.4-2, respectively.
Table 5.10.4-1: ΔTIB,c for 2DL aggregation
	Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c  [dB]

	CA_8A-32A
	8
	0.3



Table 5.10.4-2: ΔRIB,c for 2DL aggregation
	Inter-band CA Configuration
	E-UTRA Band
	ΔRIB,c  [dB]

	CA_8A-32A
	8
	0

	
	32
	0



[bookmark: _Toc519489448]5.11	CA_8A-38A_BCS0
[bookmark: _Toc519489449]5.11.1	Operating bands for CA
Table 5.11.1-1: 2DL Inter-band CA operating bands
	E-UTRA CA Band
	E-UTRA Band
	Uplink (UL) operating band
	Downlink (DL) operating band
	Duplex Mode

	
	
	BS receive / UE transmit
	BS transmit / UE receive 
	

	
	
	FUL_low – FUL_high
	FDL_low – FDL_high
	

	[bookmark: _Hlk482383193]CA_8-38
	8
	880 MHz
	–
	915 MHz
	925 MHz
	–
	960 MHz
	FDD

	
	38
	2570 MHz
	–
	2620 MHz
	2570 MHz
	–
	2620 MHz
	TDD



[bookmark: _Toc519489450]5.11.2	Channel bandwidths per operating band for CA
Table 5.11.2-1: Supported E-UTRA bandwidths per CA configuration for 2DL inter-band CA
	CA operating / Channel bandwidth
	Maximum aggregated bandwidth
[MHz]
	Bandwidth Combination Set

	CA Configuration
	E-UTRA Bands
	1.4 MHz
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz
	
	

	CA_8A-38A
	8
	
	
	Yes
	Yes
	
	
	30
	0

	
	38
	
	
	Yes
	Yes
	Yes
	Yes
	
	



NOTE:	For the UE that signals support of any bandwidth combination set for carrier aggregation, the UE shall support all single carrier bandwidths for the constituent bands as defined in Table 5.6.1-1 of TS 36.101 [3] when operating in single carrier mode.
[bookmark: _Toc519489451]5.11.3	Co-existence studies 
Table 5.11.3-1 gives the harmonic frequency limits for Band 8 and Band 38 2DL CA. As shown in the table, UL carrier of CA_8A-38A_BCS0 is not located at 2nd order harmonics or 3rd order harmonics of DL carriers.
Table 5.11.3-2: DL harmonics frequency limits for CA of Band 8 and Band 38
	DL carriers
	f1_low
	f1_high
	f2_low
	f2_high

	DL frequency (MHz)
	925
	960
	2570
	2620

	2nd order DL harmonics frequency range (MHz)
	1850 to 1920
	5140 to 5240

	3rd order DL harmonics frequency range (MHz)
	2775 to 2880
	7710 to 7860



As shown in Table 5.11.3-2, the harmonic frequencies of Band 8 and Band 38 in UL are away from the receive bands of interest in the DL and we can conclude that there is no issue on UL harmonic interference.
Table 5.11.3-3: UL harmonics frequency limits for CA of Band 8 and Band 38
	
	
	
	
	
	2nd  Harmonic
	3rd  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

	8
	880
	915
	925
	960
	1760
	1830
	2640
	2745

	38
	2570
	2620
	2570
	2620
	5140
	5240
	7710
	7860




[bookmark: _Toc519489452]5.11.4	∆TIB,c and ∆RIB,c values
Since there is no specific co-existence issue identified, the Low- High band combinations class dTib and dRib value can apply to the 2DL/1UL CA_8A-38A. 
For two simultaneous DL and only one UL, the TIB,c and RIB,c  values are shown in table 5.11.4-1 and table 5.11.4-2, respectively.
Table 5.11.4-1: ΔTIB,c for 2DL aggregation
	Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c  [dB]

	CA_8A-38A
	8
	0.3

	
	38
	0.3



Table 5.11.4-2: ΔRIB,c for 2DL aggregation
	Inter-band CA Configuration
	E-UTRA Band
	ΔRIB,c  [dB]

	CA_8A-38A
	8
	0

	
	38
	0



[bookmark: _Toc519489453]5.12	CA_66A-70A_BCS0
[bookmark: _Toc519489454]5.12.1	Channel bandwidths per operating band for CA
Table 5.12.1-1: Inter-band CA operating bands
	E-UTRA CA Band
	E-UTRA Band
	Uplink (UL) operating band
	Downlink (DL) operating band
	Duplex Mode

	
	
	BS receive / UE transmit
	BS transmit / UE receive 
	

	
	
	FUL_low –  FUL_high
	FDL_low –  FDL_high
	

	CA_66-70
	66
	1710 MHz
	–
	1780 MHz
	2110 MHz
	–
	2200 MHz
	FDD

	
	70
	1695 MHz
	–
	1710 MHz
	1995 MHz
	–
	2020 MHz
	



Table 5.12.1-2: E-UTRA CA configurations and bandwidth combination sets defined for CA_66A-70A 
	

	E-UTRA CA Configuration
	E-UTRA Bands
	1.4
	3
	5
	10
	15
	20
	Maximum aggregated bandwidth
	Bandwidth combination set

	
	
	MHz
	MHz
	MHz
	MHz
	MHz
	MHz
	[MHz]
	

	CA_66A-70A
	66
	 
	 
	Yes
	Yes
	 Yes
	Yes 
	35
	0

	
	70
	 
	 
	Yes
	Yes
	Yes
	
	
	



[bookmark: _Toc519489455]5.12.2	UE co-existence studies
UE harmonics are shown in table below.
Table 5.12.2-1 UE harmonics
	UE UL frequencies
	f1_low
	f1_high
	f2_low
	f2_high

	Frequency [MHz]
	1710
	1780
	1695
	1710

	2nd harmonic [MHz]
	3420
	3560
	3390
	3420

	3rd harmonic [MHz]
	5130
	5340
	5085
	5130

	4th harmonic [MHz]
	6840
	7120
	6780
	6840

	5th harmonic [MHz]
	8550
	8900
	8475
	8550



There are no harmonic issues for UE.
[bookmark: _Toc519489456]5.12.3	ΔTIB,c and ΔRIB,c values
Triplexer data is collected in table below.
Table 5.12.3-1: Insertion loss for CA_66A-70A
[image: ]
The average worst case B66 IL is 3.3dB for TX and 2.7dB for RX. The average worst case B70 IL is 3.3dB for TX and 2.1dB for RX. The difference to respective single band duplexer IL is <1dB for TX and <0.5dB for RX. Thus, the generic 3GPP framework values for can be used for both bands.
For the UE which supports CA_66A-70A, the ΔTIB,c and ΔRIB,c  are defined for applicable bands in Table 5.12.3-2 and 5.12.3-3 respectively.
Table 5.12.3-2: ΔTIB,c 
	Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c [dB]

	CA_66A-70A
	66
	0.5

	
	70
	0.5



Table 5.12.3-3: ΔRIB,c 
	Inter-band CA Configuration
	E-UTRA Band
	ΔRIB,c [dB]

	CA_66A-70A
	66
	0

	
	70
	0



[bookmark: _Toc519489457]5.12.4	REFSENS requirements
Isolation values are collected in table below.
Table 5.12.4-1: Isolation for CA_66A-70A
[image: ]
We note that one of the vendors provided information for both conditions, one provided isolation for typical only, and one provided information for worst case only. We have calculated averages for typical conditions and worst case conditions separately. These averages are not directly comparable with each other because they use different data mixes.
TX isolation needs to be above 50dB to avoid MSD for this band while 50dB RX isolation is sufficient. Both the typical and worst case averages show all isolation values are at least 52.75dB. According to our analysis this should be sufficient with the assumptions below to warrant no MSD is needed for B66, B70, and B66+B70 CA.
The following additional assumptions were used in our analysis:
RX IP2					50dB
Phase noise				-156dBc/Hz
B66/B70 FE TX IL	       5.3dB
B66 RX FE IL			 4.9dB
B70 RX FE IL			 4.0dB
PA noise at RX			-128dBm/Hz

Conclusion: No MSD requirement is needed for B66, B70, and B66+B70 CA when UE supports CA_66A-70A
The impact of UE supporting both B2+B66 and B66+B70 was also evaluated.
It was found out that one option is to have parallel B2+B66 quadplexer and B66+B70 triplexer. The outcome of the study would not change, i.e no MSD is needed. UE RF front-end would be a more complex with B66 duplicated across two components.
Another option would be to modify B2+B66 quadplexer filters to accommodate B70 as well. In this case, the quadplexer would in practice support B2, B66, B70 and any inter-band CA of these. B2 out-of-band blocking capabilities in this option would be worse making it less attractive because the quadplexer would offer attenuation for B2 RX starting 30MHz away from B2 RX upper edge. One quadplexer using an advanced was found to have no impact to the outcome of the study i.e no MSD is needed while another quadplexer using a more conventional technology was found to be unfeasible due to excessive insertion losses. 
[bookmark: _Toc519489458]5.13	CA_11A-26A_BCS0
[bookmark: _Toc519489459]5.13.1	Operating bands for CA
Table 5.13.1-1: Inter-band CA operating bands
	E-UTRA CA Band
	E-UTRA Band
	Uplink (UL) operating band
	Downlink (DL) operating band
	Duplex Mode

	
	
	BS receive / UE transmit
	BS transmit / UE receive 
	

	
	
	FUL_low – FUL_high
	FDL_low – FDL_high
	

	CA_11-26
	11
	1427.9 MHz
	–
	1447.9 MHz
	1475.9 MHz
	–
	1495.9 MHz
	FDD

	
	26
	814 MHz
	–
	849 MHz
	859 MHz
	–
	894 MHz
	FDD



[bookmark: _Toc519489460]5.13.2	Channel bandwidths per operating band for CA
Table 5.13.2-1: Supported E-UTRA bandwidths per CA configuration for inter-band CA
	E-UTRA CA configuration / Bandwidth combination set

	E-UTRA CA Configuration
	E-UTRA Bands
	1.4
MHz
	3
MHz
	5
MHz
	10
MHz
	15
MHz
	20
MHz
	Maximum aggregated bandwidth
[MHz]
	Bandwidth combination set

	CA_11A-26A
	11
	
	
	Yes
	Yes
	
	
	25
	0

	
	26
	
	
	Yes
	Yes
	Yes
	
	
	



[bookmark: _Toc519489461]5.13.3	Co-existence studies
Table 5.13.3-1 gives the UL to DL harmonic products for CA band 11 + band 26 with 1UL. 
Table 5.13.3-1: Band 11 and Band 26 1UL harmonic products
	UE UL carriers
	f1_low
	f1_high
	f2_low
	f2_high

	UL frequency (MHz)
	1427.9
	1447.9
	814
	849

	2nd order harmonics frequency range (MHz)
	2855.8 to 2895.8
	1628 to 1698

	3rd order harmonics frequency range (MHz)
	4283.7 to 4343.7
	2442 to 2547



The 2nd and 3rd order DL to UL harmonics and IMD products caused in the BS by transmitting of band 11 and band 26 DL carriers is calculated and shown in table 5.13.3-2 below:
Table 5.13.3-2: Band 11 and Band 26 DL harmonics and IMD products
	BS DL carriers
	f1_low
	f1_high
	f2_low
	f2_high

	DL frequency (MHz)
	1475.9
	1495.9
	859
	894

	2nd order harmonics frequency range (MHz)
	2951.8 to 2991.8
	1718 to 1788

	3rd order harmonics frequency range (MHz)
	4427.7 to 4487.7
	2577 to 2682

	Two-tone 2nd order IMD products
	f2_low – f1_high
	f2_high – f1_low
	f2_low + f1_low
	f2_high + f1_high

	IMD frequency range (MHz)
	581.9 to 636.9
	2334.9 to 2389.9

	Two-tone 3rd order IMD products
	2*f1_low – f2_high
&
(2*f1_low + f2_low)
	2*f1_high – f2_low
&
(2*f1_high + f2_high)
	2*f2_low – f1_high
&
(2*f2_low + f1_low)
	2* f2_high – f1_low
&
(2*f2_high + f1_high)

	IMD frequency range (MHz)
	2057.8 to 2132.8
3810.8 to 3885.8
	222.1 to 312.1
3193.9 to 3283.9

	Three-tone 3rd order IMD products
	(f1_low – 
max BW f2)
	(f1_high + 
max BW f2)
	(f2_low – 
max BW f1)
	(f2_high + 
max BW f1)

	IMD frequency range (MHz)
	1460.9 to 1510.9
	849 to 904




It can be seen from table 5.13.3-2 that any harmonics or IMD products do not fall into own band 11 and band 26.
[bookmark: _Toc519489462]5.13.4	∆TIB and ∆RIB values
For inter-band CA_11-26, same requirements on values for ∆TIB,c and ∆RIB,c can be applied as per 2UL-2DL case.  Although requirements for UL CA_11A-26A have not been specified yet, those for similar combinations can be re-used such as CA_11A-18A.  Therefore, for two simultaneous DL, the TIB,c and RIB,c values are shown in table 5.13.4-1 and in table 5.13.4-2:
Table 5.13.4-1: ΔTIB,c
	Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c [dB]

	CA_11A-26A
	11
	0.3

	
	26
	0.3



Table 5.13.4-2: ΔRIB,c 
	Inter-band CA Configuration
	E-UTRA Band
	ΔRIB,c [dB]

	CA_11A-26A
	11
	0

	
	26
	0



[bookmark: _Toc519489463]5.13.5	REFSENS requirements
(Void)
[bookmark: _Toc519489464]5.13.6	Blocking requirements
(Void)
[bookmark: _Toc519489465]5.14	CA_4A-71A_BCS0
[bookmark: _Toc519489466]5.14.1	Channel bandwidths per operating band for CA
Table 5.14.1-1: Supported E-UTRA bandwidths per CA configuration for inter-band CA 
	CA operating / channel bandwidth
	Maximum aggregated bandwidth
[MHz]
	Bandwidth Combination Set

	E-UTRA CA Configuration
	E-UTRA Bands
	1.4 MHz
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz
	
	

	CA_4A-71A
	4
	
	
	Yes
	Yes
	Yes
	Yes
	40
	0

	
	71
	
	
	Yes
	Yes
	Yes
	Yes
	
	



[bookmark: _Toc519489467]5.14.2	Co-existence studies
The 2nd and 3rd order harmonics caused in the UE by transmitting of Band 4 and Band 71 UL carriers can be calculated as shown in Table 5.14.2-1 below. None of the products falls into the B4 or B71 UE receiving band. For UE coexistence the single UL is already considered for these bands in TS 36.101 [3].
Table 5.14.2-1: Band 4 and Band 71 UL harmonics
	
	
	
	
	
	2nd  Harmonic
	3rd  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

	4
	1710
	1755
	2110
	2155
	3420
	3510
	5130
	5265

	71
	663
	698
	617
	652
	1326
	1396
	1989
	2094



[bookmark: _Toc519489468]5.14.3	ΔTIB and ΔRIB values
CA_4A-71A is formed by diplexing a carrier in Band 4 with a carrier in Band 71.  No harmonic terms overlap with downlink in Band 4 from uplink in Band 71.  The diplexer relaxations TIB = 0.3 dB, RIB = 0 dB apply with no MSD or reference sensitivity exceptions.
Table 5.14.3-1: ΔTIB,c (two bands)
	Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c [dB]

	CA_4A-71A
	4
	0.3

	
	71
	0.3 



Table 5.14.3-2: ΔRIB,c (two bands)
	Inter-band CA Configuration
	E-UTRA Band
	ΔRIB,c [dB]

	CA_4A-71A
	4
	0

	
	71
	0



[bookmark: _Toc519489469]5.14.4	REFSENS requirements
REFSENS remain unchanged.

[bookmark: _Toc519489470]5.15	CA_66A-71A_BCS0
[bookmark: _Toc519489471]5.15.1	Channel bandwidths per operating band for CA
Table 5.15.1-1: Supported E-UTRA bandwidths per CA configuration for inter-band CA 
	CA operating / channel bandwidth
	Maximum aggregated bandwidth
[MHz]
	Bandwidth Combination Set

	E-UTRA CA Configuration
	E-UTRA Bands
	1.4 MHz
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz
	
	

	CA_66A-71A
	66
	
	
	Yes
	Yes
	Yes
	Yes
	40
	0

	
	71
	
	
	Yes
	Yes
	Yes
	Yes
	
	



[bookmark: _Toc519489472]5.15.2	Co-existence studies
The 2nd and 3rd order harmonics caused in the UE by transmitting of Band 66 and Band 71 UL carriers can be calculated as shown in Table 5.15.2-1 below. None of the products falls into the B66 or B71 UE receiving bands. For UE coexistence the single UL is already considered for these bands in TS 36.101 [3].
Table 5.15.2-1: Band 66 and Band 71 UL harmonics
	
	
	
	
	
	2nd  Harmonic
	3rd  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

	66
	1710
	1780
	2110
	2200
	3420
	3560
	5130
	5340

	71
	663
	698
	617
	652
	1326
	1396
	1989
	2094



[bookmark: _Toc519489473]5.15.3	ΔTIB and ΔRIB values
CA_66A-71A is formed by diplexing a carrier in Band 66 with a carrier in Band 71.  No harmonic terms overlap with downlink in Band 66 from uplink in Band 71.  The diplexer relaxations TIB = 0.3 dB, RIB = 0 dB apply with no MSD or reference sensitivity exceptions.
Table 5.15.3-1: ΔTIB,c (two bands)
	Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c [dB]

	CA_66A-71A
	66
	0.3

	
	71
	0.3 



Table 5.15.3-2: ΔRIB,c (two bands)
	Inter-band CA Configuration
	E-UTRA Band
	ΔRIB,c [dB]

	CA_66A-71A
	66
	0

	
	71
	0



[bookmark: _Toc519489474]5.15.4	REFSENS requirements
REFSENS remain unchanged.
[bookmark: _Toc519489475]5.16	CA_2DL_2A-14A_1UL_BCS0
[bookmark: _Toc519489476]5.16.1	Operating bands for CA
Table 5.16.1-1: Inter-band CA operating bands
	E-UTRA CA Band
	E-UTRA Band
	Uplink (UL) operating band
	Downlink (DL) operating band
	Duplex Mode

	
	
	BS receive / UE transmit
	BS transmit / UE receive 
	

	
	
	FUL_low – FUL_high
	FDL_low – FDL_high
	

	CA_2-14
	2
	1850 MHz
	–
	1910 MHz
	1930 MHz
	–
	1990 MHz
	FDD

	
	14
	788 MHz
	–
	798 MHz
	758 MHz
	–
	768 MHz
	FDD



[bookmark: _Toc519489477]5.16.2	Channel bandwidths per operating band for CA
Table 5.16.2-1: Supported E-UTRA bandwidths per CA configuration for inter-band CA
	CA operating / Channel bandwidth
	Maximum aggregated bandwidth
[MHz]
	Bandwidth Combination Set

	CA Configuration
	E-UTRA Bands
	1.4 MHz
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz
	
	

	CA_2A-14A 
	2
	
	
	Yes
	Yes
	Yes
	Yes
	30
	0

	
	14
	
	
	Yes
	Yes
	
	
	
	



[bookmark: _Toc519489478]5.16.3	Co-existence studies 
Table 5.16.3-1 gives the harmonic frequency limits for Band 2 and Band 14 2DL CA. As shown in the table, UL carrier of CA_2A-14A _BCS0 is not located at 2nd order harmonics or 3rd order harmonics of DL carriers.
Table 5.16.3-1: DL harmonics frequency limits for CA of Band 2 and Band 14
	DL carriers
	f1_low
	f1_high
	f2_low
	f2_high

	DL frequency (MHz)
	758
	768
	1850
	1910

	2nd order DL harmonics frequency range (MHz)
	1516 to 1536
	3700 to 3820

	3rd order DL harmonics frequency range (MHz)
	2274 to 2304
	5550 to 5730



As shown in Table 5.16.3-2, the harmonic frequencies of Band 2 and Band 14 in UL are away from the receive bands of interest in the DL and we can conclude that there is no issue on UL harmonic interference.
Table 5.16.3-2: UL harmonics frequency limits for CA of Band 2 and Band 14
	
	
	
	
	
	2nd  Harmonic
	3rd  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

	2
	1850
	1910
	1930
	1990
	3700
	3820
	5550
	5730

	14
	788
	798
	758
	768
	1576
	1596
	2364
	2394



[bookmark: _Toc519489479]5.16.4	ΔTIB,c and ΔRIB,c values
Table 5.16.4-1: ΔTIB,c for 2DL aggregation
	Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c [dB]

	CA_2A-14A
	2
	0.3

	
	14
	0.3



Table 5.16.4-2: ΔRIB,c for 2DL aggregation
	Inter-band CA Configuration
	E-UTRA Band
	ΔRIB,c [dB]

	CA_2A-14A
	2
	0

	
	14
	0



[bookmark: _Toc519489480]5.16.5	MSD
No MSD values need to be defined for this combination. 
[bookmark: _Toc519489481]5.17	CA_2DL_14A-66A_1UL_BCS0
[bookmark: _Toc519489482]5.17.1	Operating bands for CA
Table 5.17.1-1: Inter-band CA operating bands
	E-UTRA CA Band
	E-UTRA Band
	Uplink (UL) operating band
	Downlink (DL) operating band
	Duplex Mode

	
	
	BS receive / UE transmit
	BS transmit / UE receive 
	

	
	
	FUL_low – FUL_high
	FDL_low – FDL_high
	

	CA_14-66
	14
	788 MHz
	–
	798 MHz
	758 MHz
	–
	768 MHz
	FDD

	
	66
	1710 MHz
	–
	1780 MHz 
	2110 MHz
	–
	2200 MHz
	FDD



[bookmark: _Toc519489483]5.17.2	Channel bandwidths per operating band for CA
Table 5.17.2-1: Supported E-UTRA bandwidths per CA configuration for inter-band CA
	CA operating / Channel bandwidth
	Maximum aggregated bandwidth
[MHz]
	Bandwidth Combination Set

	CA Configuration
	E-UTRA Bands
	1.4 MHz
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz
	
	

	CA_14A-66A 
	14
	
	
	Yes
	Yes
	
	
	30
	0

	
	66
	
	
	Yes
	Yes
	Yes
	Yes
	
	



[bookmark: _Toc519489484]5.17.3	Co-existence studies 
Table 5.17.3-1 gives the harmonic frequency limits for Band 14 and Band 66 2DL CA. As shown in the table, UL carrier of CA_14A-66A _BCS0 is not located at 2nd order harmonics or 3rd order harmonics of DL carriers.
Table 5.17.3-1: DL harmonics frequency limits for CA of Band 14 and Band 66
	DL carriers
	f1_low
	f1_high
	f2_low
	f2_high

	DL frequency (MHz)
	758
	768
	1710
	1780

	2nd order DL harmonics frequency range (MHz)
	1516 to 1536
	3420 to 3560

	3rd order DL harmonics frequency range (MHz)
	2274 to 2304
	5130 to 5340



As shown in Table 5.17.3-2, the harmonic frequencies of Band 14 and Band 66 in UL are away from the receive bands of interest in the DL and we can conclude that there is no issue on UL harmonic interference.
Table 5.17.3-2: UL harmonics frequency limits for CA of Band 14 and Band 66
	
	
	
	
	
	2nd  Harmonic
	3rd  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

	14
	788
	798
	758
	768
	1576
	1596
	2364
	2394

	66
	1710
	1780
	2110
	2200
	3420
	3560
	5130
	5340



5.17.4	ΔTIB,c and ΔRIB,c values
Table 5.17.4-1: ΔTIB,c for 2DL aggregation
	Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c [dB]

	CA_14A-66A
	14
	0.3

	
	66
	0.3



Table 5.17.4-2: ΔRIB,c for 2DL aggregation
	Inter-band CA Configuration
	E-UTRA Band
	ΔRIB,c [dB]

	CA_14A-66A
	14
	0

	
	66
	0



[bookmark: _Toc519489485]5.17.5	MSD
No MSD values need to be defined for this combination. 
[bookmark: _Toc519489486]5.18	CA_2DL_14A-30A_1UL_BCS0
[bookmark: _Toc519489487]5.18.1	Channel bandwidths per operating band for CA
Table 5.18.1-1: Supported E-UTRA bandwidths per CA configuration for inter-band CA
	CA operating / channel bandwidth
	Maximum aggregated bandwidth
[MHz]
	Bandwidth Combination Set

	E-UTRA CA Configuration
	Uplink CA configurations

	E-UTRA Bands
	1.4 MHz
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz
	
	

	CA_14A-30A
	-
	14
	
	
	Yes
	Yes
	
	
	20
	0

	
	
	30
	
	
	Yes
	Yes
	
	
	
	



[bookmark: _Toc519489488]5.18.2	Co-existence studies 
As shown in Table 5.18.2-1, the UL harmonic frequencies of Band 14 and Band 30 are away from the receive bands of interest in the DL and we can conclude that there is no issue on UL harmonic interference.
Table 5.18.2-1: UL harmonics frequency limits for CA of Band 2, Band 14 and Band 30
	
	
	
	2nd  Harmonic
	3rd  Harmonic

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

	14
	788
	798
	1576
	1596
	2364
	2394

	30
	2305
	2315
	4610
	4630
	6915
	6945



[bookmark: _Toc519489489]5.18.3	ΔTIB,c and ΔRIB,c values
Table 5.18.3-1: ΔTIB,c for 3DL aggregation
	Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c [dB]

	CA_14A-30A
	14
	0.3

	
	30
	0.3



Table 5.18.3-2: ΔRIB,c for 3DL aggregation
	Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c [dB]

	CA_14A-30A
	14
	0

	
	30
	0



[bookmark: _Toc519489490]5.18.4	MSD
No MSD values need to be defined for this combination. 
[bookmark: _Toc519489491]5.19	CA_2A-71A
[bookmark: _Toc519489492]5.19.1	LTE-Advanced Carrier Aggregation of Band 2 and Band 71 (1 UL)
Table 5.19.1-1: Inter-band CA
	E-UTRA CA Band
	E-UTRA operating Band
	Uplink (UL) band
	Downlink (DL) band
	Duplex
mode

	
	
	UE transmit / BS receive
	UE receive / BS transmit
	

	
	
	FUL_low  –  FUL_high 
	FDL_low  –  FDL_high 
	

	CA_2-71
	2
	1850 MHz
	–
	1980 MHz
	1930 MHz
	–
	1990 MHz
	FDD

	
	71
	663 MHz
	–
	698 MHz
	617 MHz
	–
	652 MHz
	



[bookmark: _Toc519489493]5.19.1.1		List of specific combination issues
[bookmark: _Toc519489494]5.19.1.1.1	Channel bandwidths per operating band for CA
Table 5.19.1.1.1-1: Supported E-UTRA bandwidths per CA configuration for inter-band CA
	CA operating / channel bandwidth
	Maximum aggregated bandwidth [MHz]
	Bandwidth Combination Set

	E-UTRA CA Configuration
	E-UTRA Bands
	1.4 MHz
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz
	
	

	CA_2A-71A
	2
	
	
	Yes
	Yes
	Yes
	Yes
	40
	0

	
	71
	
	
	Yes
	Yes
	Yes
	Yes
	
	

	
	2
	
	
	Yes
	Yes
	
	
	20
	1

	
	71
	
	
	Yes
	Yes
	
	
	
	



[bookmark: _Toc519489495]5.19.2	Coexistence
Table 5.19.1.1.2-1: Band 2 and Band 71 UL harmonics
	
	
	
	
	
	3rd 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
	UL Low Band Edge
	UL High Band Edge

	2
	1850
	1910
	1930
	1990
	5790
	5970
	5550
	5730

	71
	663
	698
	617
	652
	1851
	1956
	1989
	2094



The uplink of Band 71 is 663 - 698 MHz for which third harmonic products fall within 1989 – 2094 MHz, while the downlink of Band 2 is 1930 - 1990 MHz.  Thus, it can be seen that there is potential for third harmonic interference from uplink in Band 71 to downlink in Band 2.  However, the potential is limited to edge channels since the overlap is only 1 MHz from 1989 – 1990 MHz.  Only an uplink allocation in the lowest edge of Band 71 paired with simultaneous downlink in the uppermost edge of Band 2 could be impacted.  Moreover, due the guard bands inherent in the definition of the transmission bandwidth configuration for LTE, there may not be any direct overlap at all.  However, there may still be some effect due to spectral spreading of the third harmonic even if direct overlap is averted.  
Another potential mechanism for harmonic interference is mixing of the uplink in Band 2 with the third harmonic of the Rx LO.  In this case, the frequency range impacted is much larger.  The third harmonic of Rx extends from 1851 to 1956 MHz while the uplink in Band 2 ranges from 1850 to 1910 MHz.  Therefore, there is nearly complete overlap between these two ranges.  Depending upon the particular frequency assignments and allocation of PRB’s for uplink within Band 2 and downlink within Band 71, there may be interference from this mechanism.  
[bookmark: _Toc519489496]5.19.3	∆TIB and ∆RIB values
As described in clause 5.19.1.1.2 above, the overlap between the third harmonic of the uplink in Band 71 and the downlink in Band 2 is small.  Therefore, the number of deployment scenarios that may be impacted are also small and may possibly be overcome by network scheduling or some other means.  Consequently, a harmonic trap filter is not assumed to be present and therefore not accounted for in the TIB and RIB values. The agreed values of 0.3 dB for TIB and 0 dB for RIB for high/low band combinations is shown below.
Table 5.19.3-1: ΔTIB,c
	Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c [dB]

	CA_2A-71A
	2
	0.3

	
	71
	0.3



Table 5.19.3-2: ΔRIB 
	Inter-band CA Configuration
	E-UTRA Band
	ΔRIB [dB]

	CA_2A-71A
	2
	0

	
	71
	0



[bookmark: _Toc519489497]5.19.4	MSD
It is expected that MSD will be specified for the two types of harmonic interference described above.  MSD is captured by means of the refsens exception table for harmonics.  The MSD analysis is TBD. 
[bookmark: _Toc519489498]5.20	CA_2DL_26A-48A_1UL_BCS0
[bookmark: _Toc519489499]5.20.1	Operating bands for CA
Table 5.20.1-1: Inter-band CA operating bands
	E-UTRA CA Band
	E-UTRA Band
	Uplink (UL) operating band
	Downlink (DL) operating band
	Duplex Mode

	
	
	BS receive / UE transmit
	BS transmit / UE receive 
	

	
	
	FUL_low – FUL_high
	FDL_low – FDL_high
	

	CA_26-48
	26
	814 MHz
	–
	849 MHz
	859 MHz
	–
	894 MHz
	FDD

	
	48
	3550 MHz
	–
	3700 MHz
	3550 MHz
	–
	3700 MHz
	TDD



[bookmark: _Toc519489500]5.20.2	Channel bandwidths per operating band for CA
Table 5.20.2-1: Supported E-UTRA bandwidths per CA configuration for inter-band CA
	CA operating / Channel bandwidth
	Maximum aggregated bandwidth
[MHz]
	Bandwidth Combination Set

	CA Configuration
	E-UTRA Bands
	1.4 MHz
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz
	
	

	CA_26A-48A 
	26
	
	Yes
	Yes
	Yes
	
	
	30
	0

	
	48
	
	
	Yes
	Yes
	Yes
	Yes
	
	



[bookmark: _Toc519489501]5.20.3	Co-existence studies 
Table 5.20.3-1 gives the harmonic frequency limits for Band 26 and Band 48 2DL CA. As shown in the table, UL carrier of CA_26A-48A _BCS0 is not located at 2nd order harmonics or 3rd order harmonics of DL carriers.
Table 5.20.3-1: DL harmonics frequency limits for CA of Band 26 and Band 48
	DL carriers
	f1_low
	f1_high
	f2_low
	f2_high

	DL frequency (MHz)
	859
	894
	3550
	3700

	2nd order DL harmonics frequency range (MHz)
	1718 to 1788
	7100 to 7400

	3rd order DL harmonics frequency range (MHz)
	2577 to 2682
	10650 to 11100



As shown in Table 5.20.3-2, the harmonic frequencies of Band 26 and Band 48 in UL are away from the receive bands of interest in the DL and we can conclude that there is no issue on UL harmonic interference.
Table 5.20.3-2: UL harmonics frequency limits for CA of Band 26 and Band 48
	
	
	
	
	
	2nd  Harmonic
	3rd  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

	26
	814
	849
	859
	894
	1628
	1698
	2442
	2547

	48
	3550
	3700
	3550
	3700
	7100
	7400
	10650
	11100



[bookmark: _Toc519489502]5.20.4	ΔTIB,c and ΔRIB,c values
Table 5.20.4-1: ΔTIB,c for 2DL aggregation
	Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c [dB]

	CA_26A-48A
	26
	0.3

	
	48
	0.3



Table 5.20.4-2: ΔRIB,c for 2DL aggregation
	Inter-band CA Configuration
	E-UTRA Band
	ΔRIB,c [dB]

	CA_26A-48A
	26
	0

	
	48
	0



[bookmark: _Toc519489503]5.20.5	MSD
No MSD values need to be defined for this combination. 
[bookmark: _Toc519489504]5.21	CA_2DL_28A-38A_1UL_BCS0
[bookmark: _Toc519489505]5.21.1	Operating bands for CA
Table 5.21.1-1: Inter-band CA operating bands
	E-UTRA CA Band
	E-UTRA Band
	Uplink (UL) operating band
	Downlink (DL) operating band
	Duplex Mode

	
	
	BS receive / UE transmit
	BS transmit / UE receive 
	

	
	
	FUL_low – FUL_high
	FDL_low – FDL_high
	

	CA_28-38
	28
	703 MHz
	–
	748 MHz
	758 MHz
	–
	803 MHz
	FDD

	
	38
	2570 MHz
	–
	2620 MHz
	2570 MHz
	–
	2620 MHz
	TDD



[bookmark: _Toc519489506]5.21.2	Channel bandwidths per operating band for CA
Table 5.21.2-1: Supported E-UTRA bandwidths per CA configuration for inter-band CA
	CA operating / Channel bandwidth
	Maximum aggregated bandwidth
[MHz]
	Bandwidth Combination Set

	CA Configuration
	E-UTRA Bands
	1.4 MHz
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz
	
	

	CA_28A-38A 
	28
	
	
	Yes
	Yes
	Yes
	Yes
	40
	0

	
	38
	
	
	Yes
	Yes
	Yes
	Yes
	
	



[bookmark: _Toc519489507]5.21.3	Co-existence studies 
Table 5.21.3-1 gives the harmonic frequency limits for Band 28 and Band 38 2DL CA. As shown in the table, UL carrier of CA_28A-38A _BCS0 is not located at 2nd order harmonics or 3rd order harmonics of DL carriers.
Table 5.21.3-1: DL harmonics frequency limits for CA of Band 28 and Band 38
	DL carriers
	f1_low
	f1_high
	f2_low
	f2_high

	DL frequency (MHz)
	758
	803
	2570
	2620

	2nd order DL harmonics frequency range (MHz)
	1516 to 1606
	5140 to 5240

	3rd order DL harmonics frequency range (MHz)
	2274 to 2409
	7710 to 7860



As shown in Table 5.21.3-2, the harmonic frequencies of Band 28 and Band 38 in UL are away from the receive bands of interest in the DL and we can conclude that there is no issue on UL harmonic interference.
Table 5.21.3-2: UL harmonics frequency limits for CA of Band 28 and Band 38
	
	
	
	
	
	2nd  Harmonic
	3rd  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

	28
	703
	748
	758
	803
	1406
	1496
	2109
	2244

	38
	2570
	2620
	2570
	2620
	5140
	5240
	7710
	7860



[bookmark: _Toc519489508]5.21.4	ΔTIB,c and ΔRIB,c values
Table 5.21.4-1: ΔTIB,c for 2DL aggregation
	Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c [dB]

	CA_28A-38A
	28
	0.3

	
	38
	0.3



Table 5.21.4-2: ΔRIB,c for 2DL aggregation
	Inter-band CA Configuration
	E-UTRA Band
	ΔRIB,c [dB]

	CA_28A-38A
	28
	0

	
	38
	0



[bookmark: _Toc519489509]5.21.5	MSD
No MSD values need to be defined for this combination. 
[bookmark: _Toc519489510]5.22	CA_2DL_12A-46A-1UL_BCS0
[bookmark: _Toc519489511]5.22.1	Channel bandwidths per operating band for CA
Table 5.22.2-1: Supported E-UTRA bandwidths per CA configuration for 2DL inter-band CA
	E-UTRA CA configuration / Bandwidth combination set

	E-UTRA CA Configuration
	Uplink CA configurations
	E-UTRA Bands
	1.4
MHz
	3
MHz
	5
MHz
	10
MHz
	15
MHz
	20
MHz
	Maximum aggregated bandwidth
[MHz]
	Bandwidth combination set

	CA_12A-46A
	-
	12
	
	
	Yes
	Yes
	
	
	30
	0

	
	
	46
	
	
	
	
	
	Yes
	
	



[bookmark: _Toc519489512]5.22.2	UE Co-existence studies
Table 5.22.3-3 summarizes frequency ranges where harmonics occur due to Band 12 and Band 46 CA with 1 UL. 
Table 5.22.2-1: Impact of 1 UL Harmonic Interference
	 
	 
	 
	2nd  Harmonic
	3rd  Harmonic

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

	12
	699
	716
	1398
	1432
	2097
	2148

	46
	5150
	5925
	10300
	11850
	15450
	17775



It can be seen from Table 5.22.2-1 that there is no harmonic interference for CA_12A-46A towards own receive bands.
[bookmark: _Toc519489513]5.22.3	∆TIB,c and ∆RIB,c values
For two simultaneous DLs and one UL of band 12 and Band 46 for 1UL/2DL CA_12A-46A, the TIB,c and RIB,c  values are shown in table 5.22.3-1 and  table 5.22.3-2, respectively.
dTib values for bands 5 and 12 are taken from existing CA_13A-46A.
Table 5.22.3-1: ΔTIB,c for 5DL aggregation
	Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c  [dB]

	CA_12A-46A
	12
	0

	
	46
	0



dRib values for bands 5 and 12 are taken from existing CA_5A-12A.
Table 5.22.3-2: ΔRIB,c for 5DL aggregation
	Inter-band CA Configuration
	E-UTRA Band
	ΔRIB  [dB]

	CA_12A-46A
	12
	0

	
	46
	0



[bookmark: _Toc519489514]5.22.4	REFSENS requirements
REFSENS requriement for CA_12A-46A is presented in Table 5.22-4-1
Table 5.22.4-1: REFSENS requriements for CA_12A-46A
	Channel bandwidth

	EUTRA CA Configuration
	EUTRA band
	1.4 MHz
(dBm)
	3 MHz
(dBm)
	5 MHz
(dBm)
	10 MHz
(dBm)
	15 MHz
(dBm)
	20 MHz
(dBm)
	Duplex mode

	CA_12A-46A
	12
	
	
	-97
	-94
	
	
	

	
	46
	
	
	
	
	
	-90
	TDD



[bookmark: _Toc519489515]5.23	CA_70A-71A_BCS0 
[bookmark: _Toc519489516]5.23.1	Channel bandwidths per operating band for CA
Table 5.23.1-1: Inter-band CA operating bands
	E-UTRA CA Band
	E-UTRA Band
	Uplink (UL) operating band
	Downlink (DL) operating band
	Duplex Mode

	
	
	BS receive / UE transmit
	BS transmit / UE receive 
	

	
	
	FUL_low –  FUL_high
	FDL_low –  FDL_high
	

	CA_70-71
	70
	1695 MHz
	–
	1710 MHz
	1995 MHz
	–
	2020 MHz
	FDD

	
	71
	663 MHz
	–
	698 MHz
	617 MHz
	–
	652 MHz
	



Table 5.23.1-2: E-UTRA CA configurations and bandwidth combination sets defined for CA_70A-71A 
	

	E-UTRA CA Configuration
	E-UTRA Bands
	1.4
	3
	5
	10
	15
	20
	Maximum aggregated bandwidth
	Bandwidth combination set

	
	
	MHz
	MHz
	MHz
	MHz
	MHz
	MHz
	[MHz]
	

	CA_70A-71A
	70
	
	
	Yes
	Yes
	Yes
	
	35
	0

	
	71
	
	
	Yes
	Yes
	Yes
	Yes
	
	



[bookmark: _Toc519489517]5.23.2	UE co-existence studies
UE harmonics are shown in table below.
Table 5.23.2-1 UE harmonics
	UE UL frequencies
	f1_low
	f1_high
	f2_low
	f2_high

	Frequency [MHz]
	1695
	1710
	663
	698

	2nd harmonic [MHz]
	3390
	3420
	1326
	1396

	3rd harmonic [MHz]
	5085
	5130
	1989
	2094

	4th harmonic [MHz]
	6780
	6840
	2652
	2792

	5th harmonic [MHz]
	8475
	8550
	3315
	3490



Third harmonic from B71 hits on top of B70 DL. This is captured in MSD section.
[bookmark: _Toc519489518]5.23.3	ΔTIB,c and ΔRIB,c values
For the UE which supports CA_70A-71A, the ΔTIB,c and ΔRIB,c  are defined for applicable bands in Table 5.23.3-1 and 5.23.3-2 respectively.
Table 5.23.3-1: ΔTIB,c 
	Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c [dB]

	CA_70A-71A
	70
	0.3

	
	71
	0.6



Table 5.23.3-2: ΔRIB,c 
	Inter-band CA Configuration
	E-UTRA Band
	ΔRIB,c [dB]

	CA_70A-71A
	70
	0

	
	71
	0



[bookmark: _Toc519489519]5.23.4	REFSENS requirements
Table 5.23.4-1:  Reference sensitivity for carrier aggregation QPSK PREFSENS, CA (exceptions due to harmonic issue)
	Channel bandwidth

	EUTRA CA Configuration
	EUTRA band
	1.4 MHz
(dBm)
	3 MHz
(dBm)
	5 MHz
(dBm)
	10 MHz
(dBm)
	15 MHz
(dBm)
	20 MHz
(dBm)
	Duplex mode

	CA_70A-71A5,6
	70
	
	
	-90
	-89.5
	-89.2
	
	FDD

	
	71
	
	
	-97.2
	-94.2
	-92
	-87.5
	

	NOTE 1:	The transmitter shall be set to PUMAX as defined in subclause 6.2.5A.
NOTE 2:	Reference measurement channel is A.3.2 with one sided dynamic OCNG Pattern OP.1 FDD/TDD as described in Annex A.5.1.1/A.5.2.1
NOTE 3:	The signal power is specified per port
NOTE 4:	No requirements apply when there is at least one individual RE within the uplink transmission bandwidth of the low band for which the 2nd 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).
NOTE 5:	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 6:	The requirements should be verified for UL EARFCN of a low band (superscript LB) such that [image: ]in MHz and  with[image: ] the carrier frequency of a high band in MHz and [image: ] the channel bandwidth configured in the low band.




The UL allocations to verify harmonic MSD are as follows:
Table 5.23.4-2: Uplink configuration for the low band (exceptions due to harmonic issue)
	E-UTRA Band / Channel bandwidth of the high band / NRB / Duplex mode

	EUTRA CA Configuration
	UL band
	1.4 MHz
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz
	Duplex mode

	CA_70A-71A
	71
	
	
	8
	16
	20
	
	FDD

	NOTE 1:	refers to the UL resource blocks, which shall be centred within the transmission bandwidth configuration for the channel bandwidth.
NOTE 2:	the UL configuration applies regardless of the channel bandwidth of the low band unless the UL resource blocks exceed that specified in Table 7.3.1-2 for the uplink bandwidth in which case the allocation according to Table 7.3.1-2 applies.
NOTE 3:	3 refers to the UL resource blocks shall be located between 2373-2400MHz.
NOTE 4:	These configurations 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:	These configurations apply when there is at least one individual RE within the uplink transmission bandwidth of a low band for which the 2nd transmitter harmonic is within the downlink transmission bandwidth of a high band.



[bookmark: _Toc519489520]5.24	LTE-Advanced Carrier Aggregation of Band 2 and Band 71 (1 UL)
Table 5.24-1: Inter-band CA
	E-UTRA CA Band
	E-UTRA operating Band
	Uplink (UL) band
	Downlink (DL) band
	Duplex
mode

	
	
	UE transmit / BS receive
	UE receive / BS transmit
	

	
	
	FUL_low  –  FUL_high 
	FDL_low  –  FDL_high 
	

	CA_2-71
	2
	1850 MHz
	–
	1910 MHz
	1930 MHz
	–
	1990 MHz
	FDD

	
	71
	663 MHz
	–
	698 MHz
	617 MHz
	–
	652 MHz
	



[bookmark: _Toc519489521]5.24.1	List of specific combination issues
[bookmark: _Toc519489522]5.24.1.1	Channel bandwidths per operating band for CA
Table 5.24.1.1-1: Supported E-UTRA bandwidths per CA configuration for inter-band CA
	CA operating / channel bandwidth
	Maximum aggregated bandwidth [MHz]
	Bandwidth Combination Set

	E-UTRA CA Configuration
	E-UTRA Bands
	1.4 MHz
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz
	
	

	CA_2A-71A
	2
	
	
	Yes
	Yes
	Yes
	Yes
	40
	0

	
	71
	
	
	Yes
	Yes
	Yes
	Yes
	
	

	
	2
	
	
	Yes
	Yes
	
	
	20
	1

	
	71
	
	
	Yes
	Yes
	
	
	
	



[bookmark: _Toc519489523]5.24.1.2	Coexistence
Table 5.24.1.2-1: Band 2 and Band 71 UL harmonics
	
	
	
	
	
	3rd 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
	UL Low Band Edge
	UL High Band Edge

	2
	1850
	1910
	1930
	1990
	5790
	5970
	5550
	5730

	71
	663
	698
	617
	652
	1851
	1956
	1989
	2094



The uplink of Band 71 is 663 - 698 MHz for which third harmonic products fall within 1989 – 2094 MHz, while the downlink of Band 2 is 1930 - 1990 MHz.  Thus, it can be seen that there is potential for third harmonic interference from uplink in Band 71 to downlink in Band 2.  However, the potential is limited to edge channels since the overlap is only 1 MHz from 1989 – 1990 MHz.  Only an uplink allocation in the lowest edge of Band 71 paired with simultaneous downlink in the uppermost edge of Band 2 could be impacted.  Moreover, due the guard bands inherent in the definition of the transmission bandwidth configuration for LTE, there may not be any direct overlap at all.  However, there may still be some effect due to spectral spreading of the third harmonic even if direct overlap is averted.  
Another potential mechanism for harmonic interference is mixing of the uplink in Band 2 with the third harmonic of the Rx LO.  In this case, the frequency range impacted is much larger.  The third harmonic of Rx extends from 1851 to 1956 MHz while the uplink in Band 2 ranges from 1850 to 1910 MHz.  Therefore, there is nearly complete overlap between these two ranges.  Depending upon the particular frequency assignments and allocation of PRB’s for uplink within Band 2 and downlink within Band 71, there may be interference from this mechanism.  
[bookmark: _Toc519489524]5.42.1.3	∆TIB and ∆RIB values
As described in clause 5.24.1.2 above, the overlap between the third harmonic of the uplink in Band 71 and the downlink in Band 2 is small.  Therefore, the number of deployment scenarios that may be impacted are also small and may possibly be overcome by network scheduling or some other means.  Consequently, a harmonic trap filter is not assumed to be present and therefore not accounted for in the TIB and RIB values.  The agreed values of 0.3 dB for TIB and 0 dB for RIB for high/low band combinations is shown below.
Table 5.24.1.3-1: ΔTIB,c
	Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c [dB]

	CA_2A-71A
	2
	0.3

	
	71
	0.3



Table 5.24.1.3-2: ΔRIB 
	Inter-band CA Configuration
	E-UTRA Band
	ΔRIB [dB]

	CA_2A-71A
	2
	0

	
	71
	0



[bookmark: _Toc519489525]5.24.1.4	Band 2 MSD
For the case of 3rd harmonic of uplink in Band 71 interfering with downlink in Band 2, the harmonic interference level at Tx antenna port over the frequency range of the Band 2 receive channel was measured.  The measurement was conducted for both full allocation and single RB and is summarized below.  Given that the output is referenced to the antenna port, the obtain a value at the PA output, the Band 71 Tx front-end insertion loss assumed to be 5 dB should be added.
Table 5.24.1.4-1.  Measured harmonic noise integrated over Rx channel.
	Tx channel BW (MHz)
	Rx channel BW (MHz)
	Measured harmonic noise at Tx antenna output (dBm)

	
	
	1 RB
	Full Allocation

	5
	5
	-38.6
	-39.0

	5
	10
	-44.1
	-44.2

	5
	15
	-44.6
	-44.6

	5
	20
	-44.6
	-44.6

	10
	5
	-46.9
	-46.6

	10
	10
	-44.5
	-46.8

	10
	15
	-44.5
	-47.0

	10
	20
	-44.5
	-47.4

	15
	5
	-47.0
	-48.1

	15
	10
	-47.0
	-47.4

	15
	15
	-44.4
	-47.5

	15
	20
	-44.5
	-47.6

	20
	5
	-46.7
	-49.1

	20
	10
	-46.9
	-47.9

	20
	15
	-46.5
	-47.7

	20
	20
	-44.5
	-47.7



Based on these noise measurements, the MSD can be computed.  It was agreed that a harmonic trap filter would not be assumed at the output of the Band 71 PA.  Therefore, the filtering of the 3rd harmonic comes primarily from the Band 71 duplexer and the low/high diplexer.  Other contributions to harmonic, such as switch, harmonic generation within Band 71 and Band 2 duplexers, etc., are not included in the calculation for simplicity.  Lastly, the assumption of 67 dB PCB isolation is adopted in this analysis.
A Band 71 filter datasheet indicates that the duplexer Tx attenuation in the frequency range of the 3rd harmonic is 40 dB and is used here.  The low/high diplexer provides an additional attenuation of 25 dB.  The front-end loss in Band 2 Rx is assumed to be 5.5 dB due to the high insertion loss of the B2+B4 quadplexer.  With these assumptions, the following results are obtained using the 5 MHz + 5 MHz as an example.  The MSD analysis is based on an MRC combining algorithm assuming that the interference is correlated across primary and diversity receivers.

Table 5.24.1.4-2. Example MSD analysis for 5 MHz + 5 MHz scenario
	
	Parameter
	Primary
	Diversity

	B71 PA H3
	-33.6
	-33.6
	

	B71 duplexer
	40
	-73.6
	

	Diplexer
	25
	-98.6
	

	Antenna isolation
	10
	-98.6
	-108.6

	PCB PA to LNA
	67
	-100.6
	-100.6

	B2 Rx FE loss
	5.5
	-95.1
	-95.1

	Composite
	
	-93.4963
	-94.9102

	MSD
	-4.62
	
	



Following the same procedure and assumptions, the other bandwidth combinations were analyzed with a MSD summary provided in the table below
Table 5.24.1.4.1-3. Summary of MSD for all aggressor and victim bandwidths
	Band 71 CBW
	Band 2 CBW
	MSD

	5
	5
	4.6

	5
	10
	1.0

	5
	15
	0.6

	5
	20
	0.5

	10
	5
	1.2

	10
	10
	1.0

	10
	15
	0.7

	10
	20
	0.6

	15
	5
	1.1

	15
	10
	0.6

	15
	15
	0.7

	15
	20
	0.6

	20
	5
	1.2

	20
	10
	0.6

	20
	15
	0.4

	20
	20
	0.6



The reference sensitivity can be defined as follows where the maximum MSD for a given Band 2 channel bandwidth is applied.  The 5 MHz channel bandwidth requires an amendment when the Band 71 Tx bandwidth is also 5 MHz since the MSD is significantly larger for this case.  Also, it is noted that the MSD only applies when the channels are located in proximity of  the lower edge of Band 71 and the upper edge of Band 2.
Table 5.24.1.4-4: Reference sensitivity for carrier aggregation QPSK PREFSENS, CA (exceptions due to harmonic issue)
	Channel bandwidth

	EUTRA CA Configuration
	EUTRA band
	1.4 MHz
(dBm)
	3 MHz
(dBm)
	5 MHz
(dBm)
	10 MHz
(dBm)
	15 MHz
(dBm)
	20 MHz
(dBm)
	Duplex mode

	CA_2A-71AX
	2
	
	
	-93.4
	-94
	-92.5
	-91.4
	FDD

	
	71
	
	
	-97.2
	-94.2
	-92
	-87.5
	

	CA_2A-71AY
	2
	
	
	-96.8
	-94
	-92.5
	-91.4
	FDD

	
	71
	
	
	-97.2
	-94.2
	-92
	-87.5
	

	NOTE X:	These requirements apply when the lower edge frequency of the 5 MHz uplink channel in Band 71 is located at or below 668 MHz and the downlink channel in Band 2 is located with its upper edge at 1990 MHz.  
NOTE Y:	These requirements apply when the lower edge frequency of the 10 MHz, 15 MHz, or 20 MHz uplink channel in Band 71 is located at or below 668 MHz and the downlink channel in Band 2 is located with its upper edge at 1990 MHz.  
  



Table 5.24.1.4-5: Uplink configuration for the low band (exceptions due to harmonic issue)
	E-UTRA Band / Channel bandwidth of the high band / NRB / Duplex mode

	EUTRA CA Configuration
	UL band
	1.4 MHz
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz
	Duplex mode

	CA_2A-71A
	71
	
	
	25
	251
	201
	201
	FDD

	NOTE 1:	1 refers to the UL resource blocks shall be located as close as possible to the downlink operating band but confined within the transmission bandwidth configuration for the channel bandwidth (Table 5.6-1). 



[bookmark: _Toc519489526]5.24.1.5	Band 71 MSD
The UE reference architecture used in this analysis is shown in Figure 5.24.1.5-1 where single antenna topology has been assumed between B2 and B71. Mid/Low band diplexers are put in both primary and diversity paths.
[image: ]
[bookmark: _Hlk519487719]Figure 5.24.1.5-1 Reference architecture for CA_2A-71A B71 Rx harmonic mixing MSD analysis
The B2 UL signal propagation path numbering as shown in Figure 2-1 is detailed as below:

1: UE transceiver B2 TX output to B71 primary RX LNA input
2: B2 PA output to B71 primary RX LNA input
3: B2 UL signal coupling due to TXM mid-band port to low-band port
4: Direct signal path from B2 UL to B71 primary-RX LNA input
5: UE transceiver B2 TX output to B71 diversity RX LNA input
6: B2 PA output to B71 diversity RX LNA input
7: Direct signal path from B2 UL to B71 diversity-RX LNA input

B71 duplexer RX 3rd harmonic rejection data from two component vendors are also shown in Figure 5.24.1.5-2. The RX 3rd harmonic rejection can vary from 23 to 42 dB. We propose 37 dB as the calculation assumption.
[image: ]
Figure 5.24.1.5-2 B71 Duplexer RX 3rd harmonic rejection data
Considering that discrete front-end components are still widely used on phones, and that numerous bands/CAs with relatively dense component placement could introduce lots of coupling paths, we propose 67dB PCB isolation as B71 MSD calculation assumption. On the other hand, Thanks to the continual advancement in integrated circuit design, the transceiver’s low-band RX front-end 3rd order harmonic rejection can be improved to 30 dB.
Table 5.24.1.5-1 summarizes a set of typical receiver performance parameters for MSD analysis. Table 5.24.1.5-2 presents the link analysis to calculate the interference level in both main and diversity Rx paths as well as the combined REFSENS level based on uncorrelated MRC. Table 5.24.1.5-3 shows the MSD contribution percentage of each individual propagation path number.

	Parameter
	Value
	Unit

	Antenna isolation Primary <-> Diversity
	15
	dB

	TXM port isolation from B2 to B71
	35
	dB

	Diplexer isolation at B2
	25
	dB

	PCB isolation from B2 PA output to B71 RX LNA input
	67
	dB

	B71 DUP Ant to RX port rejection at 1850~1910MHz
	37
	dB

	B71 Diversity path SAW rejection at 1850 – 1910 MHz
	35
	dB

	LPF rejection at 1850 – 1910 MHz
	35
	dB

	B71 Primary RX front-end loss
	4
	dB

	B71 Diversity RX front-end loss
	3
	dB

	B71 Diversity path switch + PCB trace loss
	1
	dB

	Transceiver B2 TX port to B71 RX port isolation
	55
	dB

	RX 3rd order harmonic rejection
	30
	dB

	SNR requirement for QPSK
	-1
	dB



Table 5.24.1.5-1 Typical receiver performance parameters for MSD analysis
	Direct Signal Path

	Parameter
	Main
	Diversity
	 Unit

	Transceiver B2 output power
	0
	0
	dBm

	TX power at B2 PA output
	27
	27
	dBm

	B2 TX power at B2 DUP-ant port
	25
	25
	dBm

	B2 Tx power at antenna port
	23
	8
	dBm

	Path number 4 at B71 primary-RX LNA input (with LPF)
	-73
	NA
	dBm

	Path number 4 at B71 primary-RX LNA input (w/o LPF)
	-38
	NA
	dBm

	Path number 7 at B71 diversity-RX LNA input (with LPF)
	NA
	-88
	dBm

	Path number 7 at B71 diversity-RX LNA input (w/o LPF)
	NA
	-53
	dBm

	PCB Coupling Path

	Parameter
	Main
	Diversity
	 

	Path number 1 and 5 at LNA input
	-55
	-55
	dBm

	Path number 2 and 6 at LNA input
	-40
	-40
	dBm

	Path number 3 (with LPF) at LNA input
	-82
	NA
	dBm

	Path number 3 (w/o LPF) at LNA input
	-47
	NA
	dBm

	Combined

	Total interference power due to B2 TX at B71 LNA input (with LPF)
	-39.9
	-39.9
	dBm

	Total interference power due to B2 TX at B71 LNA input (w/o LPF)
	-35.5
	-39.7
	dBm

	Tx power after Rx mixing (referred to antenna, with LPF)
	-66.9
	-67.9
	dBm

	Tx power after Rx mixing (referred to antenna, w/o LPF)
	-62.5
	-67.7
	dBm

	Combined B71 REFSENS (with LPF)
	-70.4
	dBm

	Combined B71 REFSENS (w/o LPF)
	-68.8
	dBm



Table 5.24.1.5-2 Link analysis for REFSENS calculation
[image: ]

Table 5.24.4.1.1.4.2-3 MSD contribution percentage of each individual path due to B2 TX signal
Here are some observations from the MSD analysis:
Observation 1: PCB isolation (path number 2 and 6) is the dominant factor of B71 MSD level for both primary RX and diversity RX paths.
Observation 2: On primary path (path number 4), LPF on B71 UL/DL common path can also reduce its UL 3rd harmonic side lobe falling to high range of B2 RX. However, since the MSD of B71 TX 3rd harmonic side lobe falling to B2 RX high range is relative small, the LPF can be put on B71 RX path only to avoid degradation of B71 TX power due to LPF insertion loss.
Observation 3: On diversity path, (comparing path number 7 of with/without LPF tables) whether LPF exists or not does not affect MSD a lot on this path.
Observation 4: The worst bandwidth combination for RX 3rd order mixing of the CA combination will happen on Band 2 UL bandwidth at 5MHz, no matter what B71 DL bandwidth is.
Based on assumption of LPF on B71 primary-RX path only, B71 REFSENS exceptions in CA_2A-71A_1UL due to B71 Rx 3rd order harmonic mixing
Table 5.24.1.5-3: Reference sensitivity for carrier aggregation QPSK PREFSENS, CA (exceptions due to harmonic issue)
	Channel bandwidth

	EUTRA CA Configuration
	EUTRA band
	1.4 MHz
(dBm)
	3 MHz
(dBm)
	5 MHz
(dBm)
	10 MHz
(dBm)
	15 MHz
(dBm)
	20 MHz
(dBm)
	Duplex mode

	CA_2A-71A15,16
	2
	 
	 
	-98
	-95
	-93.2
	-92
	FDD

	
	71
	 
	 
	-70.4
	-70.4
	-70.4
	-70.4
	FDD

	
NOTE 15: These requirements apply when there is at least one individual RE within the downlink transmission bandwidth of the victim (lower) band for which the 3rd harmonic is within the uplink transmission bandwidth or the uplink adjacent channel’s transmission bandwidth of an aggressor (higher) band.


NOTE 16: The requirements should be verified for UL EARFCN of the aggressor (higher) band (superscript HB) such that  in MHz and  with [image: ] the carrier frequency in the victim (lower) band and [image: ] the channel bandwidth configured in the higher band.




Table 5.24.1.5-4 Uplink configuration for the low band (exceptions due to harmonic issue)
	E-UTRA Band / Channel bandwidth of the high band / NRB / Duplex mode

	EUTRA CA Configuration
	UL band
	1.4 MHz
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz
	Duplex mode

	CA_2A-71A
	2
	
	
	25
	50
	50
	50
	FDD



[bookmark: _Toc519489527]5.25	CA_1A-32A_BCS0
[bookmark: _Toc519489528]5.25.1	Operating bands for CA
Table 5.25.1-1: Inter-band CA operating bands
	E-UTRA CA Band
	E-UTRA 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
	

	CA_1-32
	1
	1920 MHz
	–
	1980 MHz
	2110  MHz
	–
	2170  MHz
	FDD

	
	32
	N/A
	1452 MHz
	–
	1496 MHz
	FDD


[bookmark: _Ref477525607]
Table 5.25.1-2: Supported E-UTRA bandwidths per CA configuration for inter-band CA 
	CA operating / channel bandwidth

	E-UTRA CA Configuration
	Uplink band
	E-UTRA Bands
	1.4 MHz
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz
	Maximum aggregated bandwidth
[MHz]
	Bandwidth combination set

	CA_1A-32A
	1
	1
	
	
	Yes
	Yes
	Yes
	Yes
	40
	0

	
	
	32
	
	
	Yes
	Yes
	Yes
	Yes
	
	



[bookmark: _Toc519489529]5.25.2	Co-existence studies
[bookmark: _Ref477519073]Tabel 5.25.2-1 shows the frequency ranges for 2nd and 3rd harmonics for Band 1 UL carriers. It can be seen that the UL harmonic frequencies of Band 1 do not fall into any UE receive bands of interest in the DL.
[bookmark: _Ref477519143]Table 5.25.2‑1: Impact of UL Harmonic Interference
	
	
	
	
	
	2nd  Harmonic
	3rd  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

	1
	1920
	1980
	2110
	2170
	3840
	3960
	5760
	5940

	32
	N/A
	1452
	1496
	N/A



[bookmark: _Toc519489530]5.25.3	ΔTIB,c and ΔRIB,c values
[bookmark: _Ref477531961]For the UE which supports CA_1A-32A the ΔTIB,c and ΔRIB,c are defined for applicable bands in Table 5.25.3-1 and 5.25.3-2 respectively. 
Table 5.25.3-1: ΔTIB,c 
	Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c [dB] 

	CA_1A-32A
	1
	0.5

	
	32
	N/A



For the UE that supports CA_1A-32A the ΔRIB,c is proposed for applicable bands in Table 5.25.3-2:
Table 5.25.3-2: ΔRIB,c 
	Inter-band CA Configuration
	E-UTRA Band
	ΔRIB,c [dB]

	CA_1A-32A
	1
	0

	
	32
	0



[bookmark: _Toc519489531]5.25.4	REFSENS requirements
There are no MSD requirements for CA_1A-32A.
[bookmark: _Toc519489532]5.26	CA_2DL_48A-71A_1UL_BCS0
[bookmark: _Toc519489533]5.26.1	Channel bandwidths per operating band for CA
Table 5.26.1-1: Supported E-UTRA bandwidths per CA configuration for inter-band CA
	E-UTRA CA configuration / Bandwidth combination set

	E-UTRA CA Configuration
	E-UTRA Bands
	1.4
MHz
	3
MHz
	5
MHz
	10
MHz
	15
MHz
	20
MHz
	Maximum aggregated bandwidth
[MHz]
	Bandwidth combination set

	CA_48A-71A
	48
	
	
	Yes
	Yes 
	Yes
	Yes
	40
	0

	
	71
	
	
	Yes
	Yes 
	Yes
	Yes
	
	



[bookmark: _Toc519489534]5.26.2	Co-existence studies
Table 5.26.2-1 summarizes frequency ranges where harmonics occur due to Band 48 and Band 71 CA with 1 UL. 
Table 5.26.2-1: Impact of 1 UL Harmonic Interference
	
	
	
	
	2nd Harmonic
	3rd 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

	48
	3550
	3700
	3550
	3700
	7100
	7400
	10650
	11100

	71
	663
	698
	617
	652
	1326
	1396
	1989
	2094


It can be seen from Table 5.26.2-1 that there is no harmonic impact of band 48 and band 71 into its own receiving bands.
[bookmark: _Toc519489535]5.26.3	ΔTIB,c and ΔRIB,c values
For the UE which supports CA_48A-71A the ΔTIB,c and ΔRIB,c are defined for applicable bands in Table 5.26.3-1 and 5.26.3-2 respectively.
Table 5.26.3-1: ΔTIB,c
	Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c [dB]

	CA_48A-71A
	48
	0.3

	
	71
	0.3



Table 5.26.3-2: ΔRIB,c
	Inter-band CA Configuration
	E-UTRA Band
	ΔRIB,c [dB]

	CA_48A-71A
	48
	0

	
	71
	0



[bookmark: _Toc519489536]5.26.4	REFSENS requirements
There is no need to define reference sensitivity requirements for CA_48A-71A.
[bookmark: _Toc519489537]5.27	CA_2DL_46A-71A_1UL_BCS0
[bookmark: _Toc519489538]5.27.1	Channel bandwidths per operating band for CA
Table 5.27.1-1: Supported E-UTRA bandwidths per CA configuration for inter-band CA
	E-UTRA CA configuration / Bandwidth combination set

	E-UTRA CA Configuration
	E-UTRA Bands
	1.4
MHz
	3
MHz
	5
MHz
	10
MHz
	15
MHz
	20
MHz
	Maximum aggregated bandwidth
[MHz]
	Bandwidth combination set

	CA_46A-71A
	46
	
	
	
	
	
	Yes
	40
	0

	
	71
	
	
	Yes
	Yes 
	Yes
	Yes
	
	



[bookmark: _Toc519489539]5.27.2	Co-existence studies
Table 5.27.2-1 summarizes frequency ranges where harmonics occur due to Band 46 and Band 71 CA with 1 UL. 
Table 5.27.2-1: Impact of 1 UL Harmonic Interference
	
	
	
	
	2nd Harmonic
	3rd 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

	46
	5150
	5925
	5150
	5925
	10300
	11850
	15450
	17775

	71
	663
	698
	617
	652
	1326
	1396
	1989
	2094



It can be seen from Table 5.27.2-1 that there is no harmonic impact of band 46 and band 71 into its own receiving bands.
[bookmark: _Toc519489540]5.27.3	ΔTIB,c and ΔRIB,c values
For the UE which supports CA_46A-71A the ΔTIB,c and ΔRIB,c are defined for applicable bands in Table 5.27.3-1 and 5.27.3-2 respectively.
Table 5.27.3-1: ΔTIB,c
	Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c [dB]

	CA_46A-71A
	71
	0



Table 5.27.3-2: ΔRIB,c
	Inter-band CA Configuration
	E-UTRA Band
	ΔRIB,c [dB]

	CA_46A-71A
	71
	0



[bookmark: _Toc519489541]5.27.4	REFSENS requirements
Reference sensitivity requirements for CA_46A-71A that need to be added to Table 7.3.1A-0eA are specified in Table 5.27.4-1.
Table 5.27.4-1: Reference sensitivity QPSK PREFSENS (CA with band 46 or Band 49)
	Channel bandwidth

	EUTRA CA Configuration
	EUTRA band
	1.4 MHz
(dBm)
	3 MHz
(dBm)
	5 MHz
(dBm)
	10 MHz
(dBm)
	15 MHz
(dBm)
	20 MHz
(dBm)
	Duplex mode

	CA_46A-71A
	46
	
	
	
	
	
	-90
	FDD

	
	71
	
	
	-97.2
	 -94.2
	-92.0
	-87.5
	TDD



[bookmark: _Toc519489542]5.28	CA_32A-43A_1UL_BCS0
[bookmark: _Toc519489543]5.28.1	Operating band for CA
Table 5.28.1-1: Inter-band CA operating bands for CA_32-43
	E-UTRA CA Band
	E-UTRA Band
	Uplink (UL) operating band
	Downlink (DL) operating band
	Duplex Mode

	
	
	BS receive / UE transmit
	BS transmit / UE receive 
	

	
	
	FUL_low – FUL_high
	FDL_low – FDL_high
	

	CA_32-43
	32
	N/A
	1452 MHz
	–
	1496MHz
	FDD

	
	43
	3600 MHz
	–
	3800 MHz
	3600 MHz
	–
	3800 MHz
	TDD



[bookmark: _Toc519489544]5.28.2	Channel bandwidths per operating band for CA
Table 5.28.2-1: E-UTRA CA configuration and bandwidth combination sets for 1UL CA_32A-43A
	E-UTRA CA configuration / Bandwidth combination set

	E-UTRA CA Configuration
	Uplink CA configurations
	E-UTRA Bands
	1.4
MHz
	3
MHz
	5
MHz
	10
MHz
	15
MHz
	20
MHz
	Maximum aggregated bandwidth
[MHz]
	Bandwidth combination set

	CA_32A-43A
	-
	32
	 
	 
	Yes
	Yes
	Yes
	Yes
	40
	0

	
	
	43
	 
	
	Yes
	Yes
	Yes
	Yes
	
	



NOTE:	For the UE that signals support of any bandwidth combination set for carrier aggregation, the UE shall support all single carrier bandwidths for the constituent bands as defined in table 5.6.1-1 of TS 36.101 [3] when operating in single carrier mode.
[bookmark: _Toc519489545]5.28.3	UE co-existence studies
The 2nd and 3rd order harmonics caused in the UE by transmitting of Band 43 UL carriers can be calculated as shown in Table 5.28.3-1 below. None of the products falls into the B32 UE receiving band. For UE coexistence the single UL is already considered for Band 43 in TS 36.101 [3].
Table 5.28.3-1: Band 32 and Band 43 UL harmonics
	
	
	
	
	
	2nd  Harmonic
	3rd  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

	32
	N/A
	1452
	1496
	N/A
	N/A

	43
	3600
	3800
	3600
	3800
	7200
	7600
	10800
	11400



[bookmark: _Toc519489546]5.28.4	∆TIB and ∆RIB values
For CA_32A-43A_1UL_BCS0, it is a MB/VHB carrier combination, therefore the TIB,c and RIB,c values are shown in table 5.28.4-1 and in table 5.28.4-2.
Table 5.28.4-1: IB,c
	Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c [dB] 


	CA_32A-43A
	43
	0.8



Table 5.28.4-2: R IB,c
	Inter-band CA Configuration
	E-UTRA Band
	ΔRIB,c [dB] 


	CA_32A-43A
	43
	0.5



[bookmark: _Toc519489547]5.28.5	REFSENS
For the REFSENS of CA_32A-43A_1UL_BCS0 with a SDL band, the exceptions are shown in Table 5.28.5-1.
Table 5.28.5-1: Reference sensitivity QPSK PREFSENS (CA with a SDL band)
	Channel bandwidth

	EUTRA CA Configuration
	EUTRA band
	1.4 MHz
(dBm)
	3 MHz
(dBm)
	5 MHz
(dBm)
	10 MHz
(dBm)
	15 MHz
(dBm)
	20 MHz
(dBm)
	Duplex mode

	CA_32A-43A
	32
	
	
	-100
	-97
	-95.2
	-94
	FDD

	
	43
	
	
	-98.5
	-95.5
	-93.7
	-92.5
	TDD



[bookmark: _Toc519489548]5.29	CA_20A-43A_1UL_BCS0
[bookmark: _Toc519489549]5.29.1	Operating band for CA
Table 5.29.1-1: Inter-band CA operating bands for CA_20-43
	E-UTRA CA Band
	E-UTRA Band
	Uplink (UL) operating band
	Downlink (DL) operating band
	Duplex Mode

	
	
	BS receive / UE transmit
	BS transmit / UE receive 
	

	
	
	FUL_low – FUL_high
	FDL_low – FDL_high
	

	CA_20-43
	20
	832 MHz
	–
	862 MHz
	791 MHz
	–
	821 MHz
	FDD

	
	43
	3600 MHz
	–
	3800 MHz
	3600 MHz
	–
	3800 MHz
	TDD



[bookmark: _Toc519489550]5.29.2	Channel bandwidths per operating band for CA
Table 5.29.2-1: E-UTRA CA configuration and bandwidth combination sets for 1UL CA_20A-43A
	E-UTRA CA configuration / Bandwidth combination set

	E-UTRA CA Configuration
	Uplink CA configurations
	E-UTRA Bands
	1.4
MHz
	3
MHz
	5
MHz
	10
MHz
	15
MHz
	20
MHz
	Maximum aggregated bandwidth
[MHz]
	Bandwidth combination set

	CA_20A-43A
	-
	20
	 
	 
	Yes
	
	
	
	25
	0

	
	
	43
	 
	
	Yes
	Yes
	Yes
	Yes
	
	



NOTE:	For the UE that signals support of any bandwidth combination set for carrier aggregation, the UE shall support all single carrier bandwidths for the constituent bands as defined in table 5.6.1-1 of TS 36.101 [3] when operating in single carrier mode.
[bookmark: _Toc519489551]5.29.3	UE co-existence studies
The 2nd and 3rd order harmonics caused in the UE by transmitting of Band 20 and Band 43 UL carriers can be calculated as shown in Table 5.29.3-1 below. None of the products falls into the B20 or B43 UE receiving band. For UE coexistence the single UL is already considered for these bands in TS 36.101 [3].
Table 5.29.3-1: Band 20 and Band 43 UL harmonics
	
	
	
	
	
	2nd  Harmonic
	3rd  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

	20
	832
	862
	791
	821
	1664
	1724
	2496
	2586

	43
	3600
	3800
	3600
	3800
	7200
	7600
	10800
	11400



[bookmark: _Toc519489552]5.29.4	∆TIB and ∆RIB values
For CA_20A-43A_1UL_BCS0, it is a LB/VHB carrier combination, therefore the TIB,c and RIB,c values are shown in table 5.29.4-1 and in table 5.29.4-2.
Table 5.29.4-1: IB,c
	Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c [dB] 


	CA_20A-43A
	20
	0.3

	
	43
	0.8



Table 5.29.4-2: R IB,c
	Inter-band CA Configuration
	E-UTRA Band
	ΔRIB,c [dB] 


	CA_20A-43A
	20
	0

	
	43
	0.5



[bookmark: _Toc519489553]5.29.5	REFSENS
There is no specific REFSENs requirements.
[bookmark: _Toc519489554]5.30	CA_32A-42A_1UL_BCS0
[bookmark: _Toc519489555]5.30.1	Operating band for CA
Table 5.30.1-1: Inter-band CA operating bands for CA_32-42
	E-UTRA CA Band
	E-UTRA Band
	Uplink (UL) operating band
	Downlink (DL) operating band
	Duplex Mode

	
	
	BS receive / UE transmit
	BS transmit / UE receive 
	

	
	
	FUL_low – FUL_high
	FDL_low – FDL_high
	

	CA_32-42
	32
	N/A
	1452 MHz
	–
	1496MHz
	FDD

	
	42
	3400 MHz
	–
	3600 MHz
	3400 MHz
	–
	3600 MHz
	TDD



[bookmark: _Toc519489556]5.30.2	Channel bandwidths per operating band for CA
Table 5.30.2-1: E-UTRA CA configuration and bandwidth combination sets for 1UL CA_32A-42A
	E-UTRA CA configuration / Bandwidth combination set

	E-UTRA CA Configuration
	Uplink CA configurations
	E-UTRA Bands
	1.4
MHz
	3
MHz
	5
MHz
	10
MHz
	15
MHz
	20
MHz
	Maximum aggregated bandwidth
[MHz]
	Bandwidth combination set

	CA_32A-42A
	-
	32
	 
	 
	Yes
	Yes
	Yes
	Yes
	40
	0

	
	
	42
	 
	
	Yes
	Yes
	Yes
	Yes
	
	



NOTE:	For the UE that signals support of any bandwidth combination set for carrier aggregation, the UE shall support all single carrier bandwidths for the constituent bands as defined in table 5.6.1-1 of TS 36.101 [3] when operating in single carrier mode.
[bookmark: _Toc519489557]5.30.3	UE co-existence studies
The 2nd and 3rd order harmonics caused in the UE by transmitting of Band 42 UL carrier can be calculated as shown in Table 5.30.3-1 below. None of the products falls into the B32 UE receiving band. For UE coexistence the single UL is already considered for band 42 in TS 36.101 [3].
Table 5.30.3-1: Band 32 and Band 42 UL harmonics
	
	
	
	
	
	2nd  Harmonic
	3rd  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

	32
	N/A
	1452
	1496
	N/A
	N/A

	42
	3400
	3600
	3400
	3600
	6800
	7200
	10200
	10800



[bookmark: _Toc519489558]5.30.4	∆TIB and ∆RIB values
For CA_32A-42A_1UL_BCS0, it is a MB/VHB carrier combination, therefore the TIB,c and RIB,c values are shown in table 5.30.4-1 and in table 5.30.4-2.
Table 5.30.4-1: IB,c
	Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c [dB] 


	CA_32A-42A
	42
	0.8



Table 5.30.4-2: R IB,c
	Inter-band CA Configuration
	E-UTRA Band
	ΔRIB,c [dB] 


	CA_32A-42A
	42
	0.5



[bookmark: _Toc519489559]5.30.5	REFSENS
For the REFSENS of CA_32A-42A_1UL_BCS0 with a SDL band, the exceptions are shown in Table 5.30.5-1.
Table 5.30.5-1: Reference sensitivity QPSK PREFSENS (CA with a SDL band)
	Channel bandwidth

	EUTRA CA Configuration
	EUTRA band
	1.4 MHz
(dBm)
	3 MHz
(dBm)
	5 MHz
(dBm)
	10 MHz
(dBm)
	15 MHz
(dBm)
	20 MHz
(dBm)
	Duplex mode

	CA_32A-42A
	32
	
	
	-100
	-97
	-95.2
	-94
	FDD

	
	42
	
	
	-98.5
	-95.5
	-93.7
	-92.5
	TDD



[bookmark: _Toc519489560]5.31	CA_1A-43A_1UL_BCS0
[bookmark: _Toc519489561]5.31.1	Operating band for CA
Table 5.31.1-1: Inter-band CA operating bands for CA_1-43
	E-UTRA CA Band
	E-UTRA Band
	Uplink (UL) operating band
	Downlink (DL) operating band
	Duplex Mode

	
	
	BS receive / UE transmit
	BS transmit / UE receive 
	

	
	
	FUL_low – FUL_high
	FDL_low – FDL_high
	

	CA_1-43
	1
	1920 MHz
	–
	1980 MHz
	2110 MHz
	–
	2170 MHz
	FDD

	
	43
	3600 MHz
	–
	3800 MHz
	3600 MHz
	–
	3800 MHz
	TDD



[bookmark: _Toc519489562]5.31.2	Channel bandwidths per operating band for CA
Table 5.31.2-1: E-UTRA CA configuration and bandwidth combination sets for 1UL CA_1A-43A
	E-UTRA CA configuration / Bandwidth combination set

	E-UTRA CA Configuration
	Uplink CA configurations
	E-UTRA Bands
	1.4
MHz
	3
MHz
	5
MHz
	10
MHz
	15
MHz
	20
MHz
	Maximum aggregated bandwidth
[MHz]
	Bandwidth combination set

	CA_1A-43A
	-
	1
	 
	 
	Yes
	Yes
	Yes
	
	35
	0

	
	
	43
	 
	
	Yes
	Yes
	Yes
	Yes
	
	



NOTE:	For the UE that signals support of any bandwidth combination set for carrier aggregation, the UE shall support all single carrier bandwidths for the constituent bands as defined in table 5.6.1-1 of TS 36.101 [3] when operating in single carrier mode.
[bookmark: _Toc519489563]5.31.3	UE co-existence studies
The 2nd and 3rd order harmonics caused in the UE by transmitting of Band 1 and Band 43 UL carriers can be calculated as shown in Table 5.31.3-1 below. None of the products falls into the B1 or B43 UE receiving band. For UE coexistence the single UL is already considered for these bands in TS 36.101 [3].
Table 5.31.3-1: Band 1 and Band 43 UL harmonics
	
	
	
	
	
	2nd  Harmonic
	3rd  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

	1
	1920
	1980
	2110
	2170
	3840
	3960
	5760
	5940

	43
	3600
	3800
	3600
	3800
	7200
	7600
	10800
	11400



[bookmark: _Toc519489564]5.31.4	∆TIB and ∆RIB values
For CA_1A-43A_1UL_BCS0, it is a HB/VHB carrier combination, therefore the TIB,c and RIB,c values are shown in table 5.31.4-1 and in table 5.31.4-2.
Table 5.31.4-1: IB,c
	Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c [dB] 

	CA_1A-43A
	1
	0.3

	
	43
	0.8



Table 5.31.4-2: R IB,c
	Inter-band CA Configuration
	E-UTRA Band
	ΔRIB,c [dB] 

	CA_1A-43A
	1
	0

	
	43
	0.5



[bookmark: _Toc519489565]5.31.5	REFSENS
There is no specific REFSENs requirements.
[bookmark: _Toc519489566]5.32	CA_3A-43A_1UL_BCS0
[bookmark: _Toc519489567]5.32.1	Operating band for CA
Table 5.32.1-1: Inter-band CA operating bands for CA_3-43
	E-UTRA CA Band
	E-UTRA Band
	Uplink (UL) operating band
	Downlink (DL) operating band
	Duplex Mode

	
	
	BS receive / UE transmit
	BS transmit / UE receive 
	

	
	
	FUL_low – FUL_high
	FDL_low – FDL_high
	

	CA_3-43
	3
	1710 MHz
	–
	1785 MHz
	1805 MHz
	–
	1880 MHz
	FDD

	[bookmark: _Hlk505696457]
	43
	3600 MHz
	–
	3800 MHz
	3600 MHz
	–
	3800 MHz
	TDD



[bookmark: _Toc519489568]5.32.2 Channel bandwidths per operating band for CA
Table 5.32.2-1: E-UTRA CA configuration and bandwidth combination sets for 1UL CA_3A-43A
	E-UTRA CA configuration / Bandwidth combination set

	E-UTRA CA Configuration
	Uplink CA configurations
	E-UTRA Bands
	1.4
MHz
	3
MHz
	5
MHz
	10
MHz
	15
MHz
	20
MHz
	Maximum aggregated bandwidth
[MHz]
	Bandwidth combination set

	CA_3A-43A
	-
	3
	 
	 
	Yes
	Yes
	Yes
	
	35
	0

	
	
	43
	 
	
	Yes
	Yes
	Yes
	Yes
	
	



NOTE:	For the UE that signals support of any bandwidth combination set for carrier aggregation, the UE shall support all single carrier bandwidths for the constituent bands as defined in table 5.6.1-1 of TS 36.101 [3] when operating in single carrier mode.
[bookmark: _Toc519489569]5.32.3	UE co-existence studies
The 2nd and 3rd order harmonics caused in the UE by transmitting of Band 3 and Band 43 UL carriers can be calculated as shown in Table 5.32.3-1 below. None of the products falls into the B3 or B43 UE receiving band. For UE coexistence the single UL is already considered for these bands in TS 36.101 [3].
Table 5.32.3-1: Band 3 and Band 43 UL harmonics
	
	
	
	
	
	2nd  Harmonic
	3rd  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

	3
	1710
	1785
	1805
	1880
	3420
	3570
	5130
	5355

	43
	3600
	3800
	3600
	3800
	7200
	7600
	10800
	11400



[bookmark: _Toc519489570]5.32.4	∆TIB and ∆RIB values
For CA_3A-43A_1UL_BCS0, it is a HB/VHB carrier combination, therefore the TIB,c and RIB,c values are shown in table 5.32.4-1 and in table 5.32.4-2.
Table 5.32.4-1: IB,c
	Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c [dB] 


	CA_3A-43A
	3
	0.3

	
	43
	0.8



Table 5.32.4-2: R IB,c
	Inter-band CA Configuration
	E-UTRA Band
	ΔRIB,c [dB] 


	CA_3A-43A
	3
	0

	
	43
	0.5



[bookmark: _Toc519489571]5.32.5	REFSENS
There is no specific REFSENs requirements.
[bookmark: _Toc519489572]5.33	CA_2DL_25A-46A-1UL_BCS0
[bookmark: _Toc519489573]5.33.1	Operating bands for CA
Table 5.33.1-1: Inter-band CA operating bands
	E-UTRA CA Band
	E-UTRA Band
	Uplink (UL) operating band
	Downlink (DL) operating band
	Duplex Mode

	
	
	BS receive / UE transmit
	BS transmit / UE receive 
	

	
	
	FUL_low – FUL_high
	FDL_low – FDL_high
	

	CA_25-46
	25
	1850 MHz
	–
	1915 MHz
	1930 MHz
	–
	1995 MHz
	FDD

	
	46
	5150 MHz
	–
	5925 MHz
	5150 MHz
	–
	5925 MHz
	TDD



[bookmark: _Toc519489574]5.33.2	Channel bandwidths per operating band for CA
Table 5.33.2-1: Supported E-UTRA bandwidths per CA configuration for 2DL inter-band CA
	E-UTRA CA configuration / Bandwidth combination set

	E-UTRA CA Configuration
	Uplink CA configurations
	E-UTRA Bands
	1.4
MHz
	3
MHz
	5
MHz
	10
MHz
	15
MHz
	20
MHz
	Maximum aggregated bandwidth
[MHz]
	Bandwidth combination set

	CA_25A-46A
	-
	25
	
	
	Yes
	Yes
	Yes
	Yes
	40
	0

	
	
	46
	
	
	
	Yes
	
	Yes
	
	



[bookmark: _Toc519489575]5.33.3	UE Co-existence studies
Table 5.33.3-1 summarizes frequency ranges where harmonics occur due to Band 25 and Band 46 CA with 1 UL. 
Table 5.33.3-1: Band 25 and Band 46 UL harmonics
	BS UL carriers
	f1_low
	f1_high
	f2_low
	f2_high

	UL frequency (MHz)
	1850
	1915
	5150
	5925

	2nd order harmonics frequency range (MHz)
	3700
	3830
	10300
	11850

	3rd order harmonics frequency range (MHz)
	5550
	5745
	15450
	17775



It can be seen from Table 5.33.3-1 that there is harmonic interference for CA_25A-46A towards own receive bands with the 3rd harmonic of B25 being in the B46 range.  

[bookmark: _Toc519489576]5.33.4	∆TIB,c and ∆RIB,c values
Since the frequency range for B25 is similar to that of B2, ∆TIB,c and ∆RIB,c values from CA_2A-46A can be used.  For two simultaneous DLs and one UL of band 25 and Band 46 for 1UL/2DL CA_25A-46A, the TIB,c and RIB,c  values are shown in table 5.33.4-1 and  table 5.33.4-2, respectively.
ΔTIB,c value for band 25 is taken from existing CA_2A-46A, and for band 46 are taken from existing CA_12A-46A.
Table 5.33.4-1: ΔTIB,c for 2DL aggregation
	Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c  [dB]

	CA_25A-46A
	25
	0

	
	46
	0



ΔRIB,c value for band 25 is taken from existing CA_2A-46A, and for band 46 are taken from existing CA_12A-46A.
Table 5.33.4-2: ΔRIB,c for 2DL aggregation
	Inter-band CA Configuration
	E-UTRA Band
	ΔRIB  [dB]

	CA_25A-46A
	25
	0

	
	46
	0



[bookmark: _Toc519489577]5.33.5	Reference sensitivity
Since 3rd harmonic interference is potentially present in this CA configuration, a reference sensitivity exception is necessary to avoid desensitization.  The REFSENS value for Band 46 is the same as for CA_2A-46A since Band 2 and Band 25 are very similar.  Due to the specifications for CA_2A-46A but adjusting for a different single carrier reference sensitivity in Band 25 compared to Band 2, the following is proposed.
Table 5.33.5-1: REFSENS requirements for CA_25A-46A
	Channel bandwidth

	EUTRA CA Configuration
	EUTRA band
	1.4 MHz
(dBm)
	3 MHz
(dBm)
	5 MHz
(dBm)
	10 MHz
(dBm)
	15 MHz
(dBm)
	20 MHz
(dBm)
	Duplex mode

	CA_25A-46A
	25
	-101.2
	-98.2
	-96.5
	-93.5
	-91.7
	-90.5
	FDD

	
	46
	
	
	
	-93
	
	--90
	TDD



[bookmark: _Toc519489578]5.34	CA_3A-18A_BCS0
[bookmark: _Toc519489579]5.34.1	Operating bands for CA
Table 5.34.1-1: Inter-band CA operating bands
	E-UTRA CA Band
	E-UTRA Band
	Uplink (UL) operating band
	Downlink (DL) operating band
	Duplex Mode

	
	
	BS receive / UE transmit
	BS transmit / UE receive 
	

	
	
	FUL_low – FUL_high
	FDL_low – FDL_high
	

	CA_3-18
	3
	1710 MHz
	–
	1785 MHz
	1805 MHz
	–
	1880 MHz
	FDD

	
	18
	815 MHz
	–
	830 MHz
	860 MHz
	–
	875 MHz
	FDD



[bookmark: _Toc519489580]5.34.2	Channel bandwidths per operating band for CA
Table 5.34.2-1: Supported E-UTRA bandwidths per CA configuration for inter-band CA
	CA operating / channel bandwidth
	Maximum aggregated bandwidth
[MHz]
	Bandwidth Combination Set

	E-UTRA CA Configuration
	E-UTRA Bands
	1.4 MHz
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz
	
	

	CA_3A-18A
	3
	
	
	Yes
	 Yes
	Yes
	Yes
	35
	0

	
	18
	
	
	Yes
	 Yes
	Yes
	
	
	



[bookmark: _Toc519489581]5.34.3	Co-existence studies
The harmonic frequencies are observed in Table 5.34.3-1: 
Table 5.34.3-1: Impact of UL/DL Harmonic Interference
	
	
	
	
	
	2nd  Harmonic
	3rd  Harmonic
	2nd  Harmonic
	3rd 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
	DL Low Band Edge
	DL High Band Edge
	DL Low Band Edge
	DL High Band Edge

	3
	1710
	1785
	1805
	1880
	3420
	3570
	5130
	5355
	3610
	3760
	5415
	5640

	18
	815
	830
	860
	875
	1630
	1660
	2445
	2490
	1720
	1750
	2580
	2625



The 2nd and 3rd order harmonics and IMD products caused in the BS by transmitting of Band 3 and Band 18 DL carriers can be calculated as shown in table 5.6.3-2 below
Table 5.34.3-2: Band 3 and Band 18 DL harmonics and IMD products
	BS DL carriers
	f1_low
	f1_high
	f2_low
	f2_high

	DL frequency (MHz)
	860
	875
	1805
	1880

	2nd harmonics frequency limits (MHz) 
	1720
	1750
	3610
	3760

	3rd harmonics frequency limits (MHz)
	2580
	2625
	5415
	5640

	2nd order IMD products
	|f2_low – f1_high|
	|f2_high – f1_low|
	|f2_low + f1_low|
	|f2_high + f1_high|

	IMD frequency limits (MHz)
	930
	1020
	2665
	2755

	3rd order IMD products
	|2*f1_low – f2_high|
	|2*f1_high – f2_low|
	|2*f2_low – f1_high|
	|2*f2_high – f1_low|

	IMD frequency limits (MHz)
	160
	55
	2735
	2900

	3rd order IMD products
	|2*f1_low + f2_low|
	|2*f1_high + f2_high|
	|2*f2_low + f1_low|
	|2*f2_high + f1_high|

	IMD frequency limits (MHz)
	3525
	3630
	4470
	4635

	3rd order IMD products (with 
maximum channel bandwidth)
	|f1_low –f2_BWmax|
	|f1_high + f2_BW max|
	|f2_low – f1_BW max|
	|f2_high + f1_BW max|

	IMD frequency limits (MHz)
	760
	975
	1785
	1900



It can be seen from table 5.34.3-2 that:
-	the 2nd harmonics of BS transmitting in Bands 3 and 18 may fall into BS receive band 3, 10, 43, 66
-	and 3rd harmonics of BS transmitting in Bands 3 and 18 may fall into BS receive band 38, 41
-	the 3rd IMD products may fall into BS receive Bands 2, 5, 6, 8, 13, 14, 18, 19, 20, 25, 26, 27, 39, 41, 42, 43 and 44
[bookmark: _Toc519489582]5.34.4	∆TIB and ∆RIB values
For CA_3A-18A_BCS0, the same requirements on ∆TIB and ∆RIB of CA_3A-19A_BCS0 case can apply. Therefore, the TIB,c and RIB,c values are shown in table 5.34.4-1 and in table 5.34.4-2.
Table 5.34.4-1: IB,c
	Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c [dB] 


	CA_3A-18A
	3
	0.3

	
	18
	0.3



Table 5.34.4-2: R IB,c
	Inter-band CA Configuration
	E-UTRA Band
	ΔRIB,c [dB] 


	CA_3A-18A
	3
	0

	
	18
	0



[bookmark: _Toc519489583]5.34.5	REFSENS requirements
No change in B3 or B18 REFSENS requirements are needed, as the 1UL does not cause harmonic distortion to the own receiving bands.
[bookmark: _Toc519489584]5.35	CA_2DL_46A-48A_1UL_BCS0
[bookmark: _Toc519489585]5.35.1	Channel bandwidths per operating band for CA
Table 5.35.1-1: Supported E-UTRA bandwidths per CA configuration for 2DL inter-band CA
	E-UTRA CA Configuration
	E-UTRA Bands
	1.4
MHz
	3
MHz
	5
MHz
	10
MHz
	15
MHz
	20
MHz
	Maximum aggregated bandwidth
[MHz]
	Bandwidth combination set

	CA_46A-48A
	46
	
	
	
	
	
	Yes
	40
	0

	
	48
	
	
	Yes
	Yes
	Yes
	Yes
	
	



[bookmark: _Toc519489586]5.35.2	Co-existence studies
Table 5.35.2-1 summarizes frequency ranges where harmonics occur due to Band 46 and Band 48 CA with 1 UL. 
Table 5.35.2-1: Impact of 1 UL Harmonic Interference
	
	
	
	2nd Harmonic
	3rd Harmonic

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

	46
	5150
	5925
	10300
	11850
	15450
	17775

	48
	3550
	3700
	7100
	7400
	10650
	11100



Table 5.35.2-1 shows there are no harmonic issues for this combination.
So we can conclude that there is no issue on both DL/UL harmonic interference.
[bookmark: _Toc519489587]5.35.3	ΔTIB,c and ΔRIB,c values
For the UE which supports CA_46A-48A the ΔTIB,c and ΔRIB,c  is defined for applicable bands in Table 5.35.3-1 and 5.35.3-2 respectively assuming separate antenna architecture without HTF as was assumed CA_42A-46A. Hence the delta values are chosen by similar existing combination of CA_42A-46A
Table 5.35.3-1: ΔTIB,c
	Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c [dB]

	CA_46A-48A
	46
	0.0

	CA_46A-48A
	48
	0.8



Table 5.35.3-2: ΔRIB,c
	Inter-band CA Configuration
	E-UTRA Band
	ΔRIB,c [dB]

	CA_46A-48A
	48
	0.5

	CA_46A-48A
	46
	0



[bookmark: _Toc519489588]5.35.4	MSD
Table 5.4.1A-0eA: Reference sensitivity QPSK PREFSENS (CA with band 46 or Band 48)
	Channel bandwidth

	EUTRA CA Configuration
	EUTRA band
	1.4 MHz
(dBm)
	3 MHz
(dBm)
	5 MHz
(dBm)
	10 MHz
(dBm)
	15 MHz
(dBm)
	20 MHz
(dBm)
	Duplex mode

	CA_46A-48A
	46
	
	
	
	
	
	-83
	TDD

	
	48
	
	
	-99
	-96
	-94.2
	-93
	TDD



Due to insufficient cross band isolation between Band 46 and Band 48, MSD needs to be specified. The MSD analysis was conducted when CA_42A-46A was discussed. Because of similarity of CA_46A-48A to CA_42_46A, we apply the MSD specified for CA_42A-46A to that for CA_46A-48A.
[bookmark: _Toc519489589]5.36	CA_2DL_5A-28A_1UL_BCS0
[bookmark: _Toc519489590]5.36.1	Operating bands for CA
Table 5.36.1-1: Inter-band CA operating bands
	E-UTRA CA Band
	E-UTRA Band
	Uplink (UL) operating band
	Downlink (DL) operating band
	Duplex Mode

	
	
	BS receive / UE transmit
	BS transmit / UE receive 
	

	
	
	FUL_low – FUL_high
	FDL_low – FDL_high
	

	CA_5-28
	5
	824 MHz
	–
	849 MHz
	869 MHz
	–
	894 MHz
	FDD

	
	28
	703 MHz
	–
	748 MHz
	758 MHz
	–
	803 MHz
	FDD



[bookmark: _Toc519489591]5.36.2	Channel bandwidths per operating band for CA
Table 5.36.2-1: Supported E-UTRA bandwidths per CA configuration for inter-band CA
	E-UTRA CA configuration / Bandwidth combination set

	E-UTRA CA Configuration
	Uplink CA configurations 
	E-UTRA Bands
	1.4
MHz
	3
MHz
	5
MHz
	10
MHz
	15
MHz
	20
MHz
	Maximum aggregated bandwidth
[MHz]
	Bandwidth combination set

	CA_5A-28A
	-
	5
	
	
	Yes
	Yes
	
	
	30
	0

	
	
	28
	
	
	Yes
	Yes
	Yes
	Yes
	
	



[bookmark: _Toc519489592]5.36.3	Co-existence studies 
Table 5.36.3-1 gives the harmonic frequency limits for Band 5 and Band 28 2DL CA. As shown in the table, UL carrier of CA_5A-28A _BCS0 is not located at 2nd order harmonics or 3rd order harmonics of DL carriers.
Table 5.36.3-1: DL harmonics frequency limits for CA of Band 5 and Band 28
	DL carriers
	f1_low
	f1_high
	f2_low
	f2_high

	DL frequency (MHz)
	869
	894
	758
	803

	2nd order DL harmonics frequency range (MHz)
	1738 to 1788
	1516 to 1606

	3rd order DL harmonics frequency range (MHz)
	2607 to 2682
	2274 to 2409



As shown in Table 5.361.3-2, the harmonic frequencies of Band 5 and Band 28 in UL are away from the receive bands of interest in the DL and we can conclude that there is no issue on UL harmonic interference.
Table 5.36.3-2: UL harmonics frequency limits for CA of Band 5 and Band 28
	
	
	
	
	
	2nd  Harmonic
	3rd  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

	5
	824
	849
	869
	894
	1648
	1698
	2472
	2547

	28
	703
	748
	758
	803
	1406
	1496
	2109
	2244



[bookmark: _Toc519489593]5.36.4	ΔTIB,c and ΔRIB,c values
Table 5.36.4-1: ΔTIB,c for 2DL aggregation
	Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c [dB]

	CA_5A-28A
	5
	0.5

	
	28
	0.5



Table 5.36.4-2: ΔRIB,c for 2DL aggregation
	Inter-band CA Configuration
	E-UTRA Band
	ΔRIB,c [dB]

	CA_5A-28A
	5
	0

	
	28
	0



5.36.5	MSD
No MSD values need to be defined for this combination. 
[bookmark: _Toc519489594]5.37	CA_8A-27A
[bookmark: _Toc519489595]5.37.1	Operating band for CA
Table 5.37.1-1: 2DL Inter-band CA operating bands
	E-UTRA CA Band
	E-UTRA Band
	Uplink (UL) operating band
	Downlink (DL) operating band
	Duplex Mode

	
	
	BS receive / UE transmit
	BS transmit / UE receive 
	

	
	
	FUL_low – FUL_high
	FDL_low – FDL_high
	

	CA_8A-27A
	8
	880 MHz
	--
	915 MHz
	925 MHz
	
	960 MHz
	FDD

	
	27
	807 MHz
	–
	824 MHz
	852 MHz
	–
	869 MHz
	FDD



[bookmark: _Toc519489596]5.37.2	Channel bandwidths per operating band for CA
Table 5.37.2-1: Supported E-UTRA bandwidths per CA configuration for 2DL inter-band CA
	CA operating / Channel bandwidth
	Maximum aggregated bandwidth
[MHz]
	Bandwidth Combination Set

	CA Configuration
	E-UTRA Bands
	1.4 MHz
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz
	
	

	CA_8A-27A
	8
	
	
	yes
	yes
	
	
	20
	0

	
	27
	
	
	yes
	yes
	
	
	
	



[bookmark: _Toc519489597]5.37.3	UE Co-existence studies
Table 5.37.3-1: Impact of UL/DL Harmonic Interference
	
	
	
	
	
	2nd Harmonic
	3rd Harmonic
	2nd Harmonic
	3rd 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
	DL Low Band Edge
	DL High Band Edge
	DL Low Band Edge
	DL High Band Edge

	8
	880
	915
	925
	960
	1 760
	1 830
	2 640
	2 745
	1 850
	1 920
	1 775
	2 880

	27
	807
	824
	852
	869
	1 614
	1 648
	2 421
	2 472
	1 704
	1 738
	2 556
	2 607


It can be seen from Table 5.37.3-1 that there is no harmonic interference for CA_8A-27A towards own receive bands.
Table 5.37.3-2: Band 8 and Band 27 DL harmonics and IMD products
	BS DL carriers
	f1_low
	f1_high
	f2_low
	f2_high

	DL frequency (MHz)
	925
	960
	852
	869

	2nd order harmonics frequency range (MHz)
	1 850
	1 920
	1 704
	1 738

	3rd order harmonics frequency range (MHz)
	2 775
	2 880
	2 556
	2 607

	2nd order IMD products
	(f2_low – f1_high)
	(f2_high – f1_low)
	(f2_low + f1_low)
	(f2_high + f1_high)

	IMD frequency limits (MHz)
	56
	108
	1 777
	1 829

	3rd order IMD products
	(f2_low – 2*f1_high)
	(f2_high – 2*f1_low)
	(2*f2_low – f1_high)
	(2*f2_high – f1_low)

	IMD frequency limits (MHz)
	981
	1 068
	744
	813

	3rd order IMD products
	(2*f1_low + f2_low)
	(2*f1_high + f2_high)
	(2*f2_low + f1_low)
	(2*f2_high + f1_high)

	IMD frequency limits (MHz)
	2 702
	2 789
	2 629
	2 698

	3rd order IMD products
	(f1_low – f2_high + f2_low)
	(f1_high + f2_high – f2_low)
	(f2_low – f1_high + f1_low)
	(f2_high + f1_high – f1_low)

	
	908
	977
	817
	904

	3rd order IMD products
(Considering Max BW)
	(f1_low – max BW f2)
	(f1_high + max BW f2)
	(f2_low – max BW f1)
	(f2_high + max BW f1)

	IMD frequency limits (MHz)
	915
	970
	842
	879



It can be seen from Table 5.37.3-2 that the 2nd harmonics of BS transmitting in Band 8 may fall into the BS receive band of Bands 2, 25, 33, 35,37 and 39 and none of 3rd harmonics may fall into the any E-UTRA operating BS receive band. In addition 2nd harmonics of BS transmitting in Band 27 may fall into the BS receive band of Bands 3, 4, 10 and 3rd harmonics may fall into BS receive band of Bands 7, 38 and 41. 
Meanwhile the 2nd IMD products caused by BS supporting carrier aggregation of Band 8 and Band 27 may fall into the BS receive band of Band 3, 9 and 3rd IMD products may fall into the BS receive band of Band 5, 6, 8, 13, 14, 18, 19, 20, 26, 27, 28, 41 and 44. Note that the calculation in Table 5.37.3-2 (except the last row) assumes the BS is transmitting with the whole 35 MHz DL frequency of Band 8 and the whole 17 MHz DL frequency of Band 27. 
If the BS is only transmitting an up to 10 MHz DL in Band 8 and 10 MHz in Band 27 as stated in the WIDs, the 3rd IMD products will not fall into the BS receive band of the Band 6, 8, or 18
It should be noted that Bands 2, 4, 10, 13, 14, 18, 19, 20, 25, 33, 35, 37, 38 and 39 are not intended for use in the same geographical area as Bands 8 and 27. Therefore, the focus here will be on the harmonics and IMD falling into Bands 3, 5, 7, 9, 26, 27, 28, 41 and 44. With the performances of the current BS antenna system, transmit and receive path components, amplifiers, pre-distortion algorithms and filters, it is expected that the IMD interference generated within the Band 3, 5, 7, 8, 9, 26, 27, 28, 41 or 44 receiver would be well below the receiver noise floor eliminating the possibility of receiver desensitization, provided that Bands 8 and 27 BS transmitters do not share the same antenna with Band 3, 5, 7, 8, 9, 26, 27, 28, 41 or 44 BS receiver
[bookmark: _Toc519489598]5.37.4	∆TIB,c and ∆RIB,c values
Following relaxations are allowed for the UE which supports inter-band carrier aggregation of Band 8 and Band 27.
Table 5.37.4-1: ΔTIB,c for 2DL aggregation
	Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c  [dB]

	CA_8A-27A
	8
	0.8

	
	27
	0.8



Table 5.37.4-2: ΔRIB,c for 2DL aggregation
	Inter-band CA Configuration
	E-UTRA Band
	ΔRIB  [dB]

	CA_8A-27A
	8
	0.3

	
	27
	0.3



[bookmark: _Toc519489599]5.38	CA_7A-30A_1UL_BCS0
[bookmark: _Toc519489600]5.38.1	Channel bandwidths per operating band for CA
Table 5.38.1-1: Supported E-UTRA bandwidths per CA configuration for 2DL inter-band CA
	E-UTRA CA configuration / Bandwidth combination set

	E-UTRA CA Configuration
	Uplink CA configurations
	E-UTRA Bands
	1.4
MHz
	3
MHz
	5
MHz
	10
MHz
	15
MHz
	20
MHz
	Maximum aggregated bandwidth
[MHz]
	Bandwidth combination set

	CA_7A-30A
	-
	7
	
	
	Yes
	Yes
	Yes
	Yes
	30
	0

	
	
	30
	
	
	Yes
	Yes
	
	
	
	



[bookmark: _Toc519489601]5.38.2	UE Co-existence studies
Table 5.38.2-1: Impact of 1 UL Harmonic Interference
	　
	　
	　
	　
	　
	2nd  Harmonic
	3rd  Harmonic
	2nd  Harmonic
	3rd  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
	DL Low Band Edge
	DL High Band Edge
	DL Low Band Edge
	DL High Band Edge

	7
	2500
	2570
	2620
	2690
	5000
	5140
	7500
	7710
	5240
	5380
	7860
	8070

	30
	2305
	2315
	2350
	2360
	4610
	4630
	6915
	6945
	4700
	4720
	7050
	7080



It can be seen from Table 5.38.2-1 that none of the harmonic products falls into the B7 or B30 UE receiving band..
[bookmark: _Toc519489602]5.38.3	∆TIB and ∆RIB values
The TIB,c and RIB,c values are shown in Table 5.38.3-1 and Table 5.38.3-2, respectively. The combination of Band 7 and Band 30 is a High-High band combination. The framework for HH band combination can apply for this combination, i.e.  TIB is 0.5 dB and RIB is 0 dB. 
Table 5.38.3-1: ΔTIB,c for 3DL aggregation
	Inter-band CA Configuration
	E-UTRA Band
	[bookmark: OLE_LINK217][bookmark: OLE_LINK218]ΔTIB,c [dB]

	CA_7A-30A
	7
	0.5

	
	30
	0.5



Table 5.38.3-2: ΔRIB,c for 3DL aggregation
	Inter-band CA Configuration
	E-UTRA Band
	ΔRIB,c [dB]

	CA_7A-30A
	7
	0

	
	30
	0



[bookmark: _Toc519489603]5.38.4	REFSENS requirements
There is no specific REFSENS requirement.
[bookmark: _Toc519489604]5.39	CA_2DL_1A-41A_BCS1
[bookmark: _Toc519489605]5.39.1	Operating bands for CA
Table 5.39.1-1: 2DL Inter-band CA operating bands
	E-UTRA CA Band
	E-UTRA Band
	Uplink (UL) operating band
	Downlink (DL) operating band
	Duplex Mode

	
	
	BS receive / UE transmit
	BS transmit / UE receive 
	

	
	
	FUL_low  –  FUL_high
	FDL_low  –  FDL_high
	

	CA_1A-41A1
	1
	1920 MHz 
	–
	1980 MHz
	2110 MHz 
	–
	2170 MHz
	FDD

	
	41
	2496 MHz 
	–
	2690 MHz
	2496 MHz 
	–
	2690 MHz
	TDD

	NOTE 1: 	For a UE that signals support of BCS1 for CA_1A-41A (see Table 5.39.1-2), requirements for PCell in Band 1 or Band 41 are applicable.  Otherwise, requirements only apply for PCell in Band 1.



[bookmark: _Toc519489606]5.39.1A	Channel bandwidths per operating band for CA
Table 5.39.1A-1: Supported E-UTRA bandwidths per CA configuration for inter-band CA
	CA operating / channel bandwidth

	E-UTRA CA Configuration
	Uplink band
	E-UTRA Bands
	1.4 MHz
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz
	Maximum aggregated bandwidth
[MHz]
	Bandwidth combination set

	CA_1A-41A
	1, 41
	1
	
	
	Yes
	Yes
	Yes
	Yes
	40
	1

	
	
	41
	
	
	Yes
	Yes
	Yes
	Yes
	
	



[bookmark: _Toc519489607]5.39.2	Co-existence studies
Table 5.39.2 1 shows the frequency ranges for 2nd and 3rd harmonics for Band 1 and 41 UL carriers. It can be seen that the UL harmonic frequencies of Band 1 and 41 do not fall into any UE receive bands of interest in the DL.
Table 5.39.2‑1: Impact of UL Harmonic Interference
	
	
	
	
	
	2nd  Harmonic
	3rd  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

	1
	1920
	1980
	2110
	2170
	3840
	3960
	5760
	5940

	41
	2496
	2690
	2496
	2690
	4992
	5380
	7488
	8070



[bookmark: _Toc519489608]5.39.3	ΔTIB,c and ΔRIB,c values
For the UE that supports CA_2DL_1A-41A_BCS1, ΔTIB,c is given here for applicable bands in Table 5.39.3-1:
Table 5.39.3-1: ΔTIB,c
	Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c [dB]

	CA_1A-41A
	1
	0.5

	
	41
	0.5



For the UE that supports CA_2DL_1A-41A_BCS1, ΔRIB,c is given for applicable bands in Table 5.39.3-2:
[bookmark: _Ref477531970]Table 5.39.3-2: ΔRIB,c
	Inter-band CA Configuration
	E-UTRA Band
	ΔRIB,c [dB]

	CA_1A-41A
	1
	0

	
	41
	0



[bookmark: _Toc519489609]5.39.4 REFSENS requirements
There are no MSD or reference sensitivity exceptions for CA_2DL_1A-41A_BCS1.
[bookmark: _Toc519489610]5.40	CA_12A-48A_BCS0
[bookmark: _Toc519489611]5.40.1	Channel bandwidths per operating band for CA
Table 5.40.2-1: Supported E-UTRA bandwidths per CA configuration for 5DL inter-band CA
	E-UTRA CA configuration / Bandwidth combination set

	[bookmark: OLE_LINK117][bookmark: OLE_LINK118]E-UTRA CA Configuration
	Uplink CA configurations
	E-UTRA Bands
	1.4
[MHz]
	3
[MHz]
	5
[MHz]
	10
[MHz]
	15
[MHz]
	20
[MHz]
	Maximum aggregated bandwidth
[MHz]
	Bandwidth combination set

	CA_12A-48A
	
	12
	
	
	Yes
	Yes
	
	
	30
	0

	
	
	48
	
	
	Yes
	Yes
	Yes
	Yes
	
	



[bookmark: _Toc519489612]5.40.2	UE Co-existence studies
Table 5.40.2-1: Impact of 1 UL Harmonic Interference
	 
	 
	 
	2nd  Harmonic
	3rd  Harmonic

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

	12
	699
	716
	1398
	1432
	2097
	2148

	48
	3550
	3700
	7100
	7400
	10650
	11100



It can be seen from Table 5.40.2-1 that there is no harmonic interference for CA_12A-48A towards own receive bands.
[bookmark: _Toc519489613]5.40.3	∆TIB,c and ∆RIB,c values
For two simultaneous DLs and one UL of band 12 and Band 48 for 1UL/2DL CA_12A-48A, the TIB,c and RIB,c  values are shown in table 5.40.3-1 and  table 5.40.3-2, respectively.
dTib values for bands 12 and band 48 follow the general L-H priciple.
Table 5.40.3-1: ΔTIB,c for 5DL aggregation
	Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c  [dB]

	CA_12A-48A
	12
	0.3

	
	48
	0.3



dRib values for bands 12 and band 48 follow the general L-H priciple.
Table 5.40.3-2: ΔRIB,c for 5DL aggregation
	Inter-band CA Configuration
	E-UTRA Band
	ΔRIB  [dB]

	CA_12A-48A
	12
	0

	
	48
	0



[bookmark: _Toc519489614]5.40.4	REFSENS requirements
No MSD is required.
[bookmark: _Toc519489615]5.41	CA_4A-48A_BCS0
[bookmark: _Toc519489616]5.41.1	Operating bands for CA
Table 5.41.1-1: 2DL Inter-band CA operating bands
	E-UTRA CA Band
	E-UTRA Band
	Uplink (UL) operating band
	Downlink (DL) operating band
	Duplex Mode

	
	
	BS receive / UE transmit
	BS transmit / UE receive 
	

	
	
	FUL_low – FUL_high
	FDL_low – FDL_high
	

	CA_4-48
	4
	1710 MHz
	–
	1755 MHz
	2110 MHz
	–
	2155 MHz
	FDD

	
	48
	3550 MHz
	–
	3700 MHz
	3550 MHz
	–
	3700 MHz
	TDD



[bookmark: _Toc519489617]5.41.2	Channel bandwidths per operating band for CA
Table 5.41.2-1: Supported E-UTRA bandwidths per CA configuration for 2DL inter-band CA
	CA operating / Channel bandwidth
	Maximum aggregated bandwidth
[MHz]
	Bandwidth Combination Set

	CA Configuration
	E-UTRA Bands
	1.4 MHz
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz
	
	

	CA_4A-48A
	4
	
	
	Yes
	Yes
	Yes
	Yes
	40
	0

	
	48
	
	
	Yes
	Yes
	Yes
	Yes
	
	



[bookmark: _Toc519489618]5.41.3	Co-existence studies 
Table 5.41.3-1 gives the harmonic frequency limits for Band 4 and Band 48 2DL CA. As shown in the table, UL carrier of CA_4A-48A _BCS0 is not located at 2nd order harmonics or 3rd order harmonics of DL carriers.
Table 5.41.3-1: DL harmonics frequency limits for CA of Band 4 and Band 48
	DL carriers
	f1_low
	f1_high
	f2_low
	f2_high

	DL frequency (MHz)
	2110
	2155
	3550
	3700

	2nd order DL harmonics frequency range (MHz)
	4220 to 4310
	7100 to 7400

	3rd order DL harmonics frequency range (MHz)
	6330 to 6465
	10650 to 11100



The harmonic frequencies of Band 4 and Band 48 are calculated as shown in Table 5.41.3-2. There were not overlapped between harmonics and received bands.
Table 5.41.3-2: UL harmonics frequency limits for CA of Band 4 and Band 48
	
	
	
	
	
	2nd  Harmonic
	3rd  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

	4
	1710
	1755
	2110
	2155
	3420
	3510
	5130
	5265

	48
	3550
	3700
	3550
	3700
	7100
	7400
	10650
	11100



So we can conclude that there is no issue on both DL/UL harmonic interference.
[bookmark: _Toc519489619]5.41.4	∆TIB,c and ∆RIB,c values
For CA_2DL/1UL_4A-48A_BCS0, the TIB,c and RIB,c  values are shown in table 5.41.4-1 and table 5.41.4-2, respectively.
Table 5.41.4-1: ΔTIB,c
	[bookmark: OLE_LINK68][bookmark: OLE_LINK69]Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c  [dB]

	CA_4A-48A
	4
	0.3

	
	48
	0.8

	NOTE 1:	These additional ILs are not applied for CA UE supporting both Band 4 and Band 66 (extended Band 4). In case, the related additional ILs of CA_48A-66A are applied for the UE.



Table 5.41.4-2: ΔRIB,c
	Inter-band CA Configuration
	E-UTRA Band
	ΔRIB,c  [dB]

	CA_4A-48A
	4
	0.0

	
	48
	0.5

	NOTE 1:	These additional ILs are not applied for CA UE supporting both band 4 and Band 66 (extended B4). In case, the related additional ILs of CA_48A-66A are applied for the UE.



[bookmark: _Toc519489620]5.41.5	REFSENS requirements
No MSD issue for this CA_2DL/1UL_4A-48A_BCS0.
[bookmark: _Toc519489621]5.42	CA_41A-48A_1UL_BCS0
[bookmark: _Toc519489622]5.42.1	Operating band for CA
Table 5.42.1-1: Inter-band CA operating bands for CA_41-48
	E-UTRA CA Band
	E-UTRA Band
	Uplink (UL) operating band
	Downlink (DL) operating band
	Duplex Mode

	
	
	BS receive / UE transmit
	BS transmit / UE receive 
	

	
	
	FUL_low – FUL_high
	FDL_low – FDL_high
	

	CA_41-48
	41
	2496 MHz
	–
	2690 MHz
	2496 MHz
	–
	2690 MHz
	TDD

	
	48
	3550 MHz
	–
	3700 MHz
	3550 MHz
	–
	3700 MHz
	TDD



[bookmark: _Toc519489623]5.42.2	Channel bandwidths per operating band for CA
Table 5.42.2-1: E-UTRA CA configuration and bandwidth combination sets for 1UL CA_41A-48A
	E-UTRA CA configuration / Bandwidth combination set

	E-UTRA CA Configuration
	Uplink CA configurations
	E-UTRA Bands
	1.4
MHz
	3
MHz
	5
MHz
	10
MHz
	15
MHz
	20
MHz
	Maximum aggregated bandwidth
[MHz]
	Bandwidth combination set

	CA_41A-48A
	-
	41
	
	
	
	Yes
	Yes
	Yes
	40
	0

	
	
	48
	
	
	Yes
	Yes
	Yes
	Yes
	
	



[bookmark: _Toc519489624]5.42.3	Co-existence studies
The 2nd and 3rd order harmonics caused in the UE by transmitting of Band 41 UL carrier and Band 48 UL carrier can be calculated as shown in Table 5.42.3-1 below. None of the B41 products falls into the B48 UE receiving band. None of the B48 products falls into the B41 UE receiving band.
Table 5.42.3-1: Band 41 and Band 48 UL harmonics
	
	
	
	
	
	2nd  Harmonic
	3rd  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

	41
	2496
	2690
	2496
	2690
	4992
	5380
	7488
	8070

	48
	3550
	3700
	3550
	3700
	7100
	7400
	10650
	11100



[bookmark: _Toc519489625]5.42.4	ΔTIB,c and ΔRIB,c values
For the UE which supports inter-band carrier aggregation configurations with uplink assigned to one E-UTRA band the ΔTIB,c and ΔRIB,c is defined for applicable bands in Table 5.42.4-1 and 5.42.4-2 respectively. This configuration is very similar to CA_41A-42A and therefore the applicable relaxations for that CA configuration are re-used.
Table 5.42.4-1: IB,c
	Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c [dB] 


	CA_41A-48A
	41
	04

	
	48
	0.54

	…
NOTE 4:	Only applicable for UE supporting inter-band carrier aggregation with uplink in one E-UTRA band and without simultaneous Rx/Tx.



Table 5.42.4-2: R IB,c
	Inter-band CA Configuration
	E-UTRA Band
	ΔRIB,c [dB] 


	CA_41A-48A
	41
	04

	
	48
	0.54

	…
NOTE 4:	Only applicable for UE supporting inter-band carrier aggregation with uplink in one E-UTRA band and without simultaneous Rx/Tx.
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