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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.

1
Scope

The present document is a technical report for 2DL/2UL Inter-band Carrier Aggregation under Rel-14 time frame according to the New CA WI approach in Release 14 [1]. The purpose is to gather the relevant background information and studies in order to address 2DL/2UL Inter-band Carrier Aggregation requirements for the Rel-14 band combinations in Table 1-1.
Table 1-1: Release 14 2DL/2UL inter-band carrier aggregation combinations
	CA combination
	REL independent from

	CA_3A-41A
	Rel-12

	CA_8A-41A
	Rel-12

	CA_3A-42A
	Rel-12

	CA_19A-42A
	Rel-12

	CA_21A-42A
	Rel-12

	CA_2A-7A
	Rel-11

	CA_7A-8A
	Rel-11

	CA_8A-39A
	Rel-12

	CA_41A-42A
	Rel-12

	CA_3A-21A
	Rel-11

	CA_28A-42A
	Rel-12

	CA_3A-28A
	Rel-11

	CA_21A-28A
	Rel-11

	CA_5A-66A
	Rel-11

	CA_2A-66A
	Rel-11

	CA_12A-30A
	Rel-11

	CA_2A-30A
	Rel-11

	CA_5A-30A
	Rel-11

	CA_2A-66A
	Rel-11

	CA_13A-66A
	Rel-11


This TR contains a general part and band specific combination part. The actual requirements are added to the corresponding technical specifications.

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]
RP-151862, “New CA WI approach”, RAN#70.

[2]
3GPP TR 21.905: "Vocabulary for 3GPP Specifications".
[3]
TR 36.860-12: “TE-Advanced dual uplink inter-band Carrier Aggregation (CA)”.
[4]
TR 36.860-13: “TE-Advanced dual uplink inter-band Carrier Aggregation (CA)”.
[5]

RP-152237, “New WID: LTE Advanced inter-band CA Rel-14 for 2DL/2UL”, RAN#70.

[6]
TS 36.101: “User Equipment (UE) radio transmission and reception”.
3
Definitions, symbols and abbreviations
3.1
Definitions

For the purposes of the present document, the terms and definitions given in TR 21.905 [2] 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 [2].

3.2
Symbols

For the purposes of the present document, the following symbols apply:

<symbol>
<Explanation>

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].
4
Background
The present document is a technical report for 2DL/2UL Inter-band Carrier Aggregation under Rel-14 time frame. It covers both the UE and BS side. The document is divided in two different parts:

- 
General part: this part covers BS and UE specific which is band combination independent. 

- 
Specific band combination part:  this part covers each band combination and its specific issues independently from each other (i.e. one subclause is defined per band combination)

The specific band combination parts are independent and therefore, the working speed also differs.
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.
5
Dual Uplink Inter-band Carrier Aggregation: General Part
As dual uplink inter-band CA combinations have been studied in Rel-12 and Rel-13, the general issues identified in Rel-12 [3] and Rel-13 [4] also apply to Rel-14. This TR only captures the new general issues identified in Rel-14.
<Text will be added.>

6
Dual Uplink Inter-band Carrier Aggregation: Specific Band Combination Part
6.1
CA_3A-42A

6.1.1 
Operating bands for CA

Table 6.1.1-1: Inter-band CA operating bands for CA_3-42

	E-UTRA CA Band
	E-UTRA

Band
	Uplink (UL) band
	Downlink (DL) band
	Duplex Mode

	
	
	BS receive / UE transmit1
	BS transmit / UE receive
	

	
	
	FUL_low   –  FUL_high
	FDL_low   –  FDL_high
	

	CA_3-42
	3
	1710 MHz
	–
	1785 MHz
	1805 MHz
	–
	1880 MHz
	FDD

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


6.1.2 
Channel bandwidths per operating band for CA

Table 6.1.2-1: E-UTRA CA configuration and bandwidth combination sets for CA_3-42
	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_3A-42A
	3
	
	
	Yes
	Yes
	Yes
	Yes
	40
	0

	
	42
	
	
	Yes
	Yes
	Yes
	Yes
	
	


6.1.3 
Co-existence studies
Table 6.1.3-1 lists B3+B42 2UL CA 2nd and 3rd order harmonics and 2nd, 3rd, 4th and 5th order IMD for the UE-to-UE coexistence analysis. 

Table 6.1.3-1: Band 3 and Band 42 UL harmonics and IMD products

	UE UL carriers
	fx_low
	fx_high
	fy_low
	fy_high

	UL frequency (MHz)
	1710
	1785
	3400
	3600

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

	2nd harmonics frequency limits (MHz) 
	3420 – 3570
	6800 – 7200

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

	3rd harmonics frequency limits (MHz)
	5130 – 5355
	10200 – 10800

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

	IMD frequency limits (MHz)
	1615 – 1890
	5110 – 5385

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

	IMD frequency limits (MHz)
	170 – 180
	5015 – 5490

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

	IMD frequency limits (MHz)
	6820 – 7170
	8510 – 8985

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

	IMD frequency limits (MHz)
	1690 – 1805
	3380 – 3620

	Two-tone 4th order IMD products
	|3*fx_low –1* fy_high|
	|3*fx_high – 1*fy_low|
	|3*fy_low – 1*fx_high|
	|3*fy_high – 1*fx_low|

	IMD frequency limits (MHz)
	1530 – 1955
	8415 – 9090

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

	IMD frequency limits (MHz)
	3230 – 3780
	

	Two-tone 4th order IMD products
	|3*fx_low +1* fy_low|
	|3*fx_high + 1*fy_high|
	|3*fy_low + 1*fx_low|
	|3*fy_high + 1*fx_high|

	IMD frequency limits (MHz)
	8530 – 8955
	11910 – 12585

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

	IMD frequency limits (MHz)
	10220 – 10770
	

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

	IMD frequency limits (MHz)
	11815 – 12690
	3240 – 3740

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

	IMD frequency limits (MHz)
	6630 – 7380
	1445 – 2070

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

	IMD frequency limits (MHz)
	15310 – 16185
	10240 – 10740

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

	IMD frequency limits (MHz)
	13620 – 14370
	11930 – 12555


Based on Table 6.1.3-1, 2nd, 4th and 5th order IMD may fall into own Rx of band 3 and 2nd harmonic of band 3 may fall into own Rx of band 42. In addition, 2nd and 3rd order IMD may also fall into Rx frequencies of bands 3, 9, 22, 35, 39, 42 and 43.
When 2UL inter-band CA UE is operating with other systems such as WiFi, Bluetooth and GNSS system, the harmonics and intermodulation products can have impact on these systems. Table 6.1.3-2 lists if up to 3rd order harmonics and IMD up to 5th order falls into one of these receiving bands.
Table 6.1.3-2: 2UL B3+B42 harmonic and IMD for ISM and GNSS bands

	Victim Systems
	Frequency range [MHz]
	Impact
	Regions
	Comments

	COMPASS
(Beidou)
	1559
	-
	1591
	YES
	
	IMD4, IMD5

	Galileo
	1559
	-
	1591
	YES
	
	IMD4, IMD5

	GLONASS
	1591
	-
	1610
	YES
	
	IMD4, IMD5

	GPS
	1563
	-
	1587
	YES
	
	IMD4, IMD5

	ISM band
 (2.4GHz)
	2400
	-
	2483.5
	
	US/Europe
	

	
	2400
	-
	2494
	
	Asia
	

	ISM band
 (5GHz)
	5150
	-
	5925
	YES
	US
	3rd harmonic, IMD2, IMD3

	
	5150
	-
	5350
	YES
	Europe
	3rd harmonic, IMD2, IMD3

	
	5470
	-
	5725
	YES
	
	3rd harmonic, IMD3

	
	5150
	-
	5825
	YES
	Asia
	3rd harmonic, IMD2, IMD3


6.1.4 
∆TIB,c and ∆RIB,c values

For inter-band CA_3-42, same requirements on values for ∆TIB and ∆RIB can apply with 1UL-2DL case. Therefore, for two simultaneous UL, the (TIB,c and (RIB,c values are shown in table 6.1.4-1 and in table 6.1.4-2:
Table 6.1.4-1: ΔTIB,c
	Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c [dB]

	CA_3-42
	3
	0.6

	
	42
	0.8


Table 6.1.4-2: ΔRIB,c 

	Inter-band CA Configuration
	E-UTRA Band
	ΔRIB,c [dB]

	CA_3-42
	3
	0.2

	
	42
	0.5


6.1.5 
MSD

As shown in Table 6.1.3-1, 2nd, 4th and 5th order IMD may fall into own Rx of band 3. Table 6.1.5-1, 6.1.5-2 and 6.1.5-3 are MSD analyses which assume 10 dB antenna isolation and single antenna architecture with respect to each IMD order. 
Table 6.1.5-1: MSD analysis for IMD2
	E-UTRA Band / Channel bandwidth / NRB / Duplex mode

	Reference
	EUTRA band
	UL Fc 
(MHz)
	UL BW 
(MHz)
	UL 
CLRB
	DL Fc (MHz)
	CF
(dB)
	MSD 
(dB)
	Duplex mode

	R4-160119 by Qualcomm
	3
	1740
	5
	25
	1835
	0.47
	28.67
	FDD

	
	42
	3575
	5
	25
	3575
	N/A
	N/A
	TDD

	R4-160396 by MediaTek
	3
	1740
	5
	25
	1835
	0.4
	28.9
	FDD

	
	42
	3575
	5
	25
	3575
	N/A
	N/A
	TDD

	R4-161398 by Huawei, Hisilicon
	3
	1740
	5
	25
	1835
	0.47
	31.3
	FDD

	
	42
	3575
	5
	25
	3575
	N/A
	N/A
	TDD


Table 6.1.5-2: MSD analysis for IMD4
	E-UTRA Band / Channel bandwidth / NRB / Duplex mode

	Reference
	EUTRA band
	UL Fc 
(MHz)
	UL BW 
(MHz)
	UL 
CLRB
	DL Fc (MHz)
	CF
(dB)
	MSD 
(dB)
	Duplex mode

	R4-160119 by Qualcomm
	3
	1765
	5
	25
	1860
	1.3
	6.78
	FDD

	
	42
	3435
	5
	25
	3435
	N/A
	N/A
	TDD

	R4-160396 by MediaTek
	3
	1765
	5
	25
	1860
	1.0
	7.7
	FDD

	
	42
	3435
	5
	25
	3435
	N/A
	N/A
	TDD

	R4-161398 by Huawei, Hisilicon
	3
	1765
	5
	25
	1860
	1.3
	9.1
	FDD

	
	42
	3435
	5
	25
	3435
	N/A
	N/A
	TDD


Table 6.1.5-3: MSD analysis for IMD5
	E-UTRA Band / Channel bandwidth / NRB / Duplex mode

	Reference
	EUTRA band
	UL Fc 
(MHz)
	UL BW 
(MHz)
	UL 
CLRB
	DL Fc (MHz)
	CF
(dB)
	MSD 
(dB)
	Duplex mode

	R4-160119 by Qualcomm
	3
	1740
	5
	25
	1835
	2.5
	FFS
	FDD

	
	42
	3527.5
	5
	25
	3527.5
	N/A
	N/A
	TDD

	R4-160396 by MediaTek
	3
	1740
	5
	25
	1835
	1.1
	0.4
	FDD

	
	42
	3527.5
	5
	25
	3527.5
	N/A
	N/A
	TDD

	R4-161398 by Huawei, Hisilicon
	3
	1740
	5
	25
	1835
	2.5
	0
	FDD

	
	42
	3527.5
	5
	25
	3527.5
	N/A
	N/A
	TDD


By taking average values of these results, the MSD summary is shown in table 6.1.5-4. 

Table 6.1.5-4: MSD summary for dual uplink B3+B42
	E-UTRA Band / Channel bandwidth / NRB / Duplex mode

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

	
	
	
	
	
	
	
	

	CA_3A-42A
	3
	1740
	5
	25
	1835
	29.8
	FDD

	
	42
	3575
	5
	25
	3575
	N/A
	TDD

	CA_3A-42A
	3
	1765
	5
	25
	1860
	8.0
	FDD

	
	42
	3435
	5
	25
	3435
	N/A
	TDD

	CA_3A-42A
	3
	1740
	5
	25
	1835
	0.2
	FDD

	
	42
	3575
	5
	25
	3575
	N/A
	TDD


6.2
CA_19A-42A
6.2.1
Operating bands for CA

Table 6.2.1-1: Inter-band CA operating bands for CA_19-42

	E-UTRA CA Band
	E-UTRA

Band
	Uplink (UL) band
	Downlink (DL) band
	Duplex Mode

	
	
	BS receive / UE transmit1
	BS transmit / UE receive
	

	
	
	FUL_low   –  FUL_high
	FDL_low   –  FDL_high
	

	CA_19-42
	19
	830 MHz
	–
	845 MHz
	875 MHz
	–
	890 MHz
	FDD

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


6.2.2
Channel bandwidths per operating band for CA

Table 6.2.2-1: E-UTRA CA configuration and bandwidth combination sets for CA_19-42
	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_19A-42A
	19
	
	
	Yes
	Yes
	Yes
	
	35
	0

	
	42
	
	
	Yes
	Yes
	Yes
	Yes
	
	


6.2.3
Co-existence studies
Table 6.2.3-1 lists B19+B42 2UL CA 2nd and 3rd order harmonics and 2nd, 3rd, 4th and 5th order IMD for the UE-to-UE coexistence analysis. 

Table 6.2.3-1: Band 19 and Band 42 UL harmonics and IMD products

	UE UL carriers
	fx_low
	fx_high
	fy_low
	fy_high

	UL frequency (MHz)
	830
	845
	3400
	3600

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

	2nd harmonics frequency limits (MHz) 
	1660 – 1690
	6800 – 7200

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

	3rd harmonics frequency limits (MHz)
	2490 – 2535
	10200 – 10800

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

	IMD frequency limits (MHz)
	2555 – 2770
	4230 – 4445

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

	IMD frequency limits (MHz)
	1710 – 1940
	5955 – 6370

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

	IMD frequency limits (MHz)
	5060 – 5290
	7630 – 8045

	Two-tone 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)
	810 - 865
	3385 - 3615

	Two-tone 4th order IMD products
	|3*fx_low –1* fy_high|
	|3*fx_high – 1*fy_low|
	|3*fy_low – 1*fx_high|
	|3*fy_high – 1*fx_low|

	IMD frequency limits (MHz)
	865 - 1110
	9355 - 9970

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

	IMD frequency limits (MHz)
	5110 - 5540
	

	Two-tone 4th order IMD products
	|3*fx_low +1* fy_low|
	|3*fx_high + 1*fy_high|
	|3*fy_low + 1*fx_low|
	|3*fy_high + 1*fx_high|

	IMD frequency limits (MHz)
	5890 - 6135
	11030 - 11645

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

	IMD frequency limits (MHz)
	8460 - 8890
	

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

	IMD frequency limits (MHz)
	12755 - 13570
	20 – 280

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

	IMD frequency limits (MHz)
	8510 - 9140
	4265 – 4710

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

	IMD frequency limits (MHz)
	14430 - 15245
	6720 – 6980

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

	IMD frequency limits (MHz)
	11860 - 12490
	9290 - 9735


Based on Table 6.2.3-1, 4th order IMD may fall into own Rx of band 19. 2nd and 3rd order IMD and harmonics may also fall into Rx frequencies of bands 2, 3, 7, 9, 18, 20, 22, 25, 26, 27, 33, 35, 36, 37, 38, 39, 41 and 43. However, taking into account that Band 21 is only operated by a certain operator so far, the Band 42 transmission for this combination is limited within 3480 - 3520 MHz based on the actual spectrum allocation. In this case, the 4th order IMD range is 945 – 1030 MHz and the degradation of Band 19 will be resolved.
When 2ULs inter-band CA UE is operating with other systems such as Wi-Fi, Bluetooth and GNSS system, the harmonics and intermodulation products can have impact on these systems. Table 6.2.3-2 lists if up to 3rd order harmonics and IMD up to 5th order falls into one of these receiving bands.
Table 6.2.3-2: 2UL B19+ B42 harmonic and IMD for ISM and GNSS bands

	Victim Systems
	Frequency range [MHz]
	Impact
	Regions
	Comments

	COMPASS
(Beidou)
	1559
	-
	1591
	
	
	

	Galileo
	1559
	-
	1591
	
	
	

	GLONASS
	1591
	-
	1610
	
	
	

	GPS
	1563
	-
	1587
	
	
	

	ISM band
 (2.4GHz)
	2400
	-
	2483.5
	
	US/Europe
	

	
	2400
	-
	2494
	YES
	Asia
	3rd order harmonic of B1

	ISM band
 (5GHz)
	5150
	-
	5925
	YES
	US
	IMD3, IMD4

	
	5150
	-
	5350
	YES
	Europe
	IMD3, IMD4

	
	5470
	-
	5725
	YES
	
	IMD4

	
	5150
	-
	5825
	YES
	Asia
	IMD3, IMD4


6.2.4
∆TIB,c and ∆RIB,c values

For inter-band CA_19-42, same requirements on values for ∆TIB,c and ∆RIB,c can apply with 1UL-2DL case. Therefore, for two simultaneous UL, the (TIB,c and (RIB,c values are shown in table 6.2.4-1 and in table 6.2.4-2:
Table 6.2.4-1: ΔTIB,c
	Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c [dB]

	CA_19-42
	19
	0.3

	
	42
	0.8


Table 6.2.4-2: ΔRIB,c 

	Inter-band CA Configuration
	E-UTRA Band
	ΔRIB,c [dB]

	CA_19-42
	19
	0

	
	42
	0.5


6.2.5
MSD

Based on the co-existence study in section 6.2.3, there is no IMD issue for own Rx range in this combination taking actual spectrum holding into account and the MSD requirement is shown in table 6.2.5-1.
Table 6.2.5-1: MSD requirement for dual uplink CA_19A-42A
	E-UTRA Band / Channel bandwidth / NRB / Duplex mode

	EUTRA CA 

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

	
	
	
	
	
	
	
	

	CA_19A-42A1
	19
	N/A
	N/A
	N/A
	N/A
	N/A
	FDD

	
	42
	N/A
	N/A
	N/A
	N/A
	N/A
	TDD

	NOTE1: No requirements apply when there is at least one individual RE on band 42 uplink outside frequencies 3480 – 3520 MHz. The reference sensitivity should only be verified when all configured RE’s of band 42 uplink are confined within frequencies 3480 – 3520 MHz (the requirements specified in clause 7.3.1 of [6] apply). Requirement of other uplink frequency ranges is FFS.


6.3
CA_21A-42A
6.3.1
Operating bands for CA

Table 6.3.1-1: Inter-band CA operating bands for CA_21-42

	E-UTRA CA Band
	E-UTRA

Band
	Uplink (UL) band
	Downlink (DL) band
	Duplex Mode

	
	
	BS receive / UE transmit1
	BS transmit / UE receive
	

	
	
	FUL_low   –  FUL_high
	FDL_low   –  FDL_high
	

	CA_21-42
	21
	1447.9 MHz
	–
	1462.9 MHz
	1495.9 MHz
	–
	1510.9 MHz
	FDD

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


6.3.2
Channel bandwidths per operating band for CA

Table 6.3.2-1: E-UTRA CA configuration and bandwidth combination sets for CA_21-42
	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_21A-42A
	21
	
	
	Yes
	Yes
	Yes
	
	35
	0

	
	42
	
	
	Yes
	Yes
	Yes
	Yes
	
	


6.3.3
Co-existence studies
Table 6.3.3-1 lists B21+B42 2UL CA 2nd and 3rd order harmonics and 2nd, 3rd, 4th and 5th order IMD for the UE-to-UE coexistence analysis. 

Table 6.3.3-1: Band 21 and Band 42 UL harmonics and IMD products

	UE UL carriers
	fx_low
	fx_high
	fy_low
	fy_high

	UL frequency (MHz)
	1447.9
	1462.9
	3400
	3600

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

	2nd harmonics frequency limits (MHz) 
	2895.8 – 2925.8
	6800 – 7200

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

	3rd harmonics frequency limits (MHz)
	4343.7 – 4388.7
	10200 – 10800

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

	IMD frequency limits (MHz)
	1937.1 – 2152.1
	4847.9 – 5062.9

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

	IMD frequency limits (MHz)
	474.2 – 704.2
	5337.1 – 5752.1

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

	IMD frequency limits (MHz)
	6295.8 – 6525.8
	8247.9 – 8662.9

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

	IMD frequency limits (MHz)
	1427.9 – 1482.9
	3385 - 3615

	Two-tone 4th order IMD products
	|3*fx_low –1* fy_high|
	|3*fx_high – 1*fy_low|
	|3*fy_low – 1*fx_high|

	IMD frequency limits (MHz)
	743.7 – 988.7
	8737.1 – 9352.1

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

	IMD frequency limits (MHz)
	3874.2 – 4304.2
	

	Two-tone 4th order IMD products
	|3*fx_low +1* fy_low|
	|3*fx_high + 1*fy_high|
	|3*fy_low + 1*fx_low|

	IMD frequency limits (MHz)
	7743.7 – 7988.7
	11647.9 – 12262.9

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

	IMD frequency limits (MHz)
	9695.8 – 10125.8
	

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

	IMD frequency limits (MHz)
	12137.1 – 12952.1
	2191.6 – 2451.6

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

	IMD frequency limits (MHz)
	7274.2 – 7904.2
	2411.3 – 2856.3

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

	IMD frequency limits (MHz)
	15047.9 – 15862.9
	9191.6 – 9451.6

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

	IMD frequency limits (MHz)
	13095.8 – 13725.8
	11143.7 – 11588.7


Based on table 6.3.3-1, IMD will not fall into own RX band. 2nd and 3rd order IMD and harmonics may fall into RX frequencies of bands 1, 2, 4, 10, 11, 22, 25, 34, 36, 43, 44.
When 2ULs inter-band CA UE is operating with other systems such as WiFi, Bluetooth and GNSS system, the harmonics and intermodulation products can have impact on these systems. Table 6.3.3-2 lists if up to 3rd order harmonics and IMD up to 5th order falls into one of these receiving bands.
Table 6.3.3-2: 2UL B21+ B42 harmonic and IMD for ISM and GNSS bands

	Victim Systems
	Frequency range [MHz]
	Impact
	Regions
	Comments

	COMPASS
(Beidou)
	1559
	-
	1591
	
	
	

	Galileo
	1559
	-
	1591
	
	
	

	GLONASS
	1591
	-
	1610
	
	
	

	GPS
	1563
	-
	1587
	
	
	

	ISM band
 (2.4GHz)
	2400
	-
	2483.5
	YES
	US/Europe
	IMD5

	
	2400
	-
	2494
	YES
	Asia
	IMD5

	ISM band
 (5GHz)
	5150
	-
	5925
	YES
	US
	IMD3

	
	5150
	-
	5350
	YES
	Europe
	IMD3

	
	5470
	-
	5725
	YES
	
	IMD3

	
	5150
	-
	5825
	YES
	Asia
	IMD3


6.3.4
∆TIB,c and ∆RIB,c values

For inter-band CA_21-42, same requirements on values for ∆TIB,c and ∆RIB,c can apply with 1UL-2DL case. Therefore, for two simultaneous UL, the (TIB,c and (RIB,c values are shown in table 6.3.4-1 and in table 6.3.4-2:
Table 6.3.4-1: ΔTIB,c
	Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c [dB]

	CA_21-42
	21
	0.5

	
	42
	0.8


Table 6.3.4-2: ΔRIB,c 

	Inter-band CA Configuration
	E-UTRA Band
	ΔRIB,c [dB]

	CA_21-42
	21
	0.2

	
	42
	0.5


6.4
CA_8A-41A 
6.4.1
Operating bands for CA

Table 6.4.1-1: Inter-band CA operating bands for CA_8-41
	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_8-41
	8
	880 MHz
	–
	915 MHz
	925 MHz
	–
	960 MHz
	FDD

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


6.4.2
Channel bandwidths per operating band for CA

Table 6.4.2-1: E-UTRA CA configuration and bandwidth combination sets for 2UL CA_8A-41A
	CA configuration
	Operating

bands
	Channel bandwidth(MHz)
	Bandwidth Combination Set
	Maximum aggregated bandwidth

[MHz]

	
	
	1.4
	3
	5
	10
	15
	20
	
	

	CA_8A-41A
	8
	Yes
	Yes
	Yes
	Yes
	
	
	0
	30

	
	41
	
	
	
	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 when operating in single carrier mode.

6.4.3
Co-existence studies
Table 6.4.3-1 lists B8+B41 2UL CA 2nd and 3rd order harmonics and 3rd order IMD for the UE-to-UE coexistence analysis. 

Table 6.4.3-1: Band 8 and Band 41 UL harmonics and IMD products

	UE UL carriers
	fx_low
	fx_high
	fy_low
	fy_high

	UL frequency (MHz)
	880
	915
	2496
	2690

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

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

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

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

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

	IMD frequency limits (MHz)
	1581 – 1810
	3376 – 3605

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

	IMD frequency limits (MHz)
	666–930 
	4077–4500

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

	IMD frequency limits (MHz)
	4256 – 4520
	5872 – 6295


Table 6.4.3-2: Band 8 and Band 41 UL IMD4 products with difference of frequency components
	|3*fx - 1*fy|
	50 to 249 MHz

	|3*fy - 1*fx|
	6573 to 7190 MHz

	|2*fx - 2*fy|
	3162 to 3620 MHz


Frequency limits for 5th order IMD are presented in Table 6.4.3-3. IMD5 of CA_8A-41A may fall into Band 41 or Band 8 receiving band.
Table 6.4.3-3: CA_8A-41A 5th order UL IMD product frequency ranges
	|2*fx - 3*fy|
	5658 – 6310

	 |2*fx + 3*fy|
	9318 – 9830

	 |2*fy - 3*fx|
	 2247– 2740

	 |2*fy + 3*fx|
	7737 – 8020

	 |fx - 4*fy|
	9069 – 9880

	 |fx + 4*fy|
	10899 – 11640

	 |fy – 4*fx|
	830 –1164

	 |fy + 4*fx|
	6156 – 6210


When 2ULs inter-band CA UE is operating with other systems such as Wi-Fi, Bluetooth and GNSS system, the harmonics and intermodulation products can have impact on these systems. Table 6.4.3-4 lists if up to 3rd order harmonics and IMD up to 5th order falls into one of these receiving bands.
Table 6.4.3-4: 2UL B8+ B41 harmonic and IMD for ISM and GNSS bands

	Victim Systems
	Frequency range [MHz]
	Impact
	Regions
	Comments

	COMPASS
(Beidou)
	1559
	-
	1591
	Yes
	
	IMD2

	Galileo
	1559
	-
	1591
	Yes
	
	IMD2

	GLONASS
	1591
	-
	1610
	Yes
	
	IMD2

	GPS
	1563
	-
	1587
	Yes
	
	IMD2

	ISM band
 (2.4GHz)
	2400
	-
	2483.5
	Yes
	US/Europe
	IMD5

	
	2400
	-
	2494
	Yes
	Asia
	IMD5

	ISM band
 (5GHz)
	5150
	-
	5925
	Yes
	US
	2nd order harmonics of B41,IMD3 and IMD5

	
	5150
	-
	5350
	Yes
	Europe
	2nd order harmonics of B41

	
	5470
	-
	5725
	Yes
	
	IMD5

	
	5150
	-
	5825
	Yes
	Asia
	2nd order harmonics of B41,IMD5


6.4.4
∆TIB,c and ∆RIB,c values


For inter-band CA_8-41, ∆TIB,c and ∆RIB,c for 1UL are reused for 2UL. Therefore, for two simultaneous UL, the (TIB,c and (RIB,c values are shown in table 6.4.4-1 and in table 6.4.4-2:
Table 6.4.4-1: ΔTIB,c for 2DL2UL aggregation
	Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c  [dB] 



	CA_8A-41A
	8
	0.3

	
	41
	0.3


Table 6.4.4-2: ΔRIB,c for 2DL2UL aggregation

	Inter-band CA Configuration
	E-UTRA Band
	ΔRIB,c  [dB] 



	CA_8A-41A
	8
	0

	
	41
	0


6.4.5 
MSD
The 3rd and 5th IMD may fall into own Rx of band 8. Table 6.4.5-1 is MSD analyses which assume 10 dB antenna isolation and single antenna architecture with respect to each IMD order. 
Table 6.4.5-1: MSD analysis for IMD3 and IMD5
	E-UTRA Band / Channel bandwidth / NRB / Duplex mode 
	Source of IMD 

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

	CA_8A-41A 
	8 
	882.5
	5
	25 
	927.5
	12.1
	FDD 
	IMD3 

	
	41
	2685
	10
	50 
	 2685
	N/A 
	TDD 
	

	CA_8A-41A 
	8
	900
	5
	25 
	945
	5.7
	FDD 
	IMD5 

	
	41 
	2655
	10
	50 
	2655
	N/A 
	TDD 
	

	NOTE 1: Both of the transmitters shall be set min(+20 dBm, PCMAX_L,c) as defined in subclause 6.2.5A 
NOTE 2: RBSTART = 0
	


6.5
CA_3A-41A 
6.5.1
Operating bands for CA

Table 6.5.1-1: Inter-band CA operating bands for CA_3-41
	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_3-41
	3
	1710 MHz
	–
	1785 MHz
	1805 MHz
	–
	1880 MHz
	FDD

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


6.5.2
Channel bandwidths per operating band for CA

Table 6.5.2-1: E-UTRA CA configuration and bandwidth combination sets for CA_3-41 
	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_3A-41A
	3
	
	
	Yes
	Yes
	Yes
	Yes
	40
	0

	
	41
	
	
	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 when operating in single carrier mode.
6.5.3
Co-existence studies
Table 6.5.3-1 lists B3+B41 2UL CA 2nd and 3rd order harmonics. Table 6.5.3-2 lists the IMDs from 2nd order to 5th order for UE-UE co-existence analysis. 

Table 6.5.3-1: Band 3 and Band 41 UL harmonics 

	UE UL carriers
	fx_low
	fx_high
	fy_low
	fy_high

	UL frequency (MHz)
	1710
	1785
	2496
	2690

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

	2nd harmonics frequency limits (MHz)
	3420
	3570
	4992
	5380

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

	3rd harmonics frequency limits (MHz)
	5130
	5355
	7488
	8070


Table 6.5.3-2: 2UL CA_3A_41A IMD products
	UE UL carriers
	fx_low
	fx_high
	fy_low
	fy_high

	UL frequency (MHz)
	1710
	1785
	2496
	2690

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

	IMD frequency limits (MHz)
	980
	711
	4206
	4475

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

	IMD frequency limits (MHz)
	730
	1074
	3207
	3670

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

	IMD frequency limits (MHz)
	5916
	6260
	6702
	7165

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

	IMD frequency limits (MHz)
	1960
	1422
	8412
	8950

	Two-tone 4th order IMD products
	|3*fx_low –1* fy_high|
	|3*fx_high – 1*fy_low|
	|3*fy_low – 1*fx_high|
	|3*fy_high – 1*fx_low|

	IMD frequency limits (MHz)
	2440
	2859
	5703
	6360

	Two-tone 4th order IMD products
	|3*fx_low +1* fy_low|
	|3*fx_high +1* fy_high|
	|3*fy_low + 1*fx_low|
	|3*fy_high + 1*fx_high|

	IMD frequency limits (MHz)
	7626
	8045
	9198
	9855

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

	IMD frequency limits (MHz)
	9050
	8199
	4644
	4150

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

	IMD frequency limits (MHz)
	11694
	12545
	9336
	9830

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

	IMD frequency limits (MHz)
	4650
	3918
	363
	250

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

	IMD frequency limits (MHz)
	10908
	11640
	10122
	10735


Based on Table 6.5.3-1 and 6.5.3-2, 4th order IMD may fall into own Rx of band 3 and band 41. In addition, 2nd harmonics and 2nd, 3rd order IMD may also fall into Rx frequencies of bands 5-6, 8, 12-14, 17-20, 22, 26-29 and 42-44. 
When 2ULs inter-band CA UE is operating with other systems such as WiFi, Bluetooth and GNSS system, the harmonics and intermodulation products can have impact on these systems. Table 6.5.3-3 lists if up to 3rd order harmonics and IMD up to 5th order falls into one of these receiving bands.
Table 6.5.3-3: 2UL B3+ B41 harmonic and IMD for ISM and GNSS bands

	Victim Systems
	Frequency range [MHz]
	Impact
	Regions
	Comments

	COMPASS
(Beidou)
	1559
	-
	1591
	Yes
	
	IMD4

	Galileo
	1559
	-
	1591
	Yes
	
	IMD4

	GLONASS
	1591
	-
	1610
	Yes
	
	IMD4

	GPS
	1563
	-
	1587
	Yes
	
	IMD4

	ISM band
 (2.4GHz)
	2400
	-
	2483.5
	Yes
	US/Europe
	IMD4

	
	2400
	-
	2494
	Yes
	Asia
	IMD4

	ISM band
 (5GHz)
	5150
	-
	5925
	Yes
	US
	2nd order harmonics of B41, 3rd order harmonics of B3, IMD3 and IMD4

	
	5150
	-
	5350
	Yes
	Europe
	2nd order harmonics of B41 and 3rd order harmonics of B3

	
	5470
	-
	5725
	Yes
	
	IMD4

	
	5150
	-
	5825
	Yes
	Asia
	2nd order harmonics of B41, 3rd order harmonics of B3 and IMD4


6.5.4 
∆TIB,c and ∆RIB,c values

For two simultaneous DLs and two simultaneous ULs, same requirements on values for (TIB,c and (RIB,c  can be applied with 2DL/1UL case. Therefore, the (TIB,c and (RIB,c values for 2UL/2DL CA_3A-41A are shown in table 6.5.4-1 and  table 6.5.4-2, respectively.
Table 6.x.4-1: ΔTIB,c 
	Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c  [dB]

	CA_3A-41A
	3
	0.5

	
	41
	0.31

	
	
	0.82

	NOTE1:  The requirement is applied for UE transmitting on the frequency range of 2545-2690MHz.
NOTE2:  The requirement is applied for UE transmitting on the frequency range of 2496-2545MHz.


Table 6.x.4-2: ΔRIB,c 
	Inter-band CA Configuration
	E-UTRA Band
	ΔRIB  [dB]

	CA_3A-41A
	3
	0

	
	41
	01

	
	
	0.52

	NOTE1:  The requirement is applied for UE transmitting on the frequency range of 2545-2690MHz.
NOTE2:  The requirement is applied for UE transmitting on the frequency range of 2496-2545MHz.


6.5.5 
REFSENS requirements
The 4th order IMD may fall into own Rx of band 3 from the co-existence study. Table 6.5.5-1 shows the REFSENs requirements considering the MSD values with the assumption of 10 dB antenna isolation and single antenna architecture for CA_3A-41A 2DL/2UL CA, with the uplink configuration in table 6.5.5-2.
Table 6.5.5-1: Reference sensitivity for carrier aggregation QPSK PREFSENS, CA
	EUTRA CA Configuration
	EUTRA band
	Channel bandwidth
	Duplex mode

	
	
	1.4 MHz
(dBm)
	3 MHz
(dBm)
	5 MHz
(dBm)
	10 MHz
(dBm)
	15 MHz
(dBm)
	20 MHz
(dBm)
	

	CA_3A-41A
	3
	
	
	[-88.8]
	[-85.8]
	[-84]
	[-82.8]
	FDD

	
	
	
	
	[-91.5]6
	[-88.5]6
	[-86.7]6
	[-85.5]6
	

	
	41
	
	
	-97.5
	-94.5
	-92.7
	-91.5
	TDD

	NOTE 1:
These requirements apply regardless of the channel bandwidth and the location of UL band.

NOTE 2:   The B41 requirements are modified by -0.5dB when carrier frequency of the assigned E-UTRA channel bandwidth is within 2545-2690 MHz.

NOTE 3:   The antenna isolation for MSD calculation is assumed as 10 dB.  For conducted mode REFSENS test such antenna isolation is not observed as the antennas are disconnected. Additionally antenna isolation assumption is under discussion depending on the frequency range
NOTE 4:
These requirements apply when there is at least one individual RE within the uplink transmission bandwidth of a low band for which the 4th transmitter harmonic is within the downlink transmission bandwidth of a high band.  

NOTE 5:
The requirements should be verified for UL EARFCN of a low band (superscript LB) such that 
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NOTE 6:
Applicable only if operation with 4 antenna ports is supported in the band with carrier aggregation configured.


Table 6.5.5-2: Uplink configuration for reference sensitivity
	E-UTRA Band / Channel bandwidth / NRB / Duplex mode

	E-UTRA Band
	1.4 MHz
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz
	Duplex Mode

	3
	
	
	25
	50
	501
	501
	FDD

	41
	
	
	25
	50
	75 
	100 
	TDD

	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 (TS 36.101 Table 5.6-1).


6.6
CA_2A-7A
6.6.1
Operating bands for CA

Table 6.6.1-1: Inter-band CA operating bands for CA_2-7
	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_2-7
	2
	1850 MHz
	–
	1910 MHz
	1930 MHz
	–
	1990 MHz
	FDD

	
	7
	2500 MHz
	–
	2570 MHz
	2620 MHz
	–
	2690 MHz
	FDD


6.6.2
Channel bandwidths per operating band for CA
Table 6.6.2-1: Supported E-UTRA bandwidths per CA configuration for CA_2-7
	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-7A 
	2
	
	
	Yes
	Yes
	Yes
	Yes
	40
	0

	
	7
	
	
	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 when operating in single carrier mode.
6.6.3
Co-existence studies
Table 6.6.3-1 lists B2+B7 2UL CA 2nd and 3rd order harmonics and 2nd, 3rd, 4th and 5th order IMD for the UE-to-UE coexistence analysis. 

Table 6.6.3-1: Band 2 and Band 7 UL harmonics and IMD products

	UE UL carriers
	fx_low
	fx_high
	fy_low
	fy_high

	UL frequency (MHz)
	1850
	1910
	2500
	2570

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

	2nd harmonics frequency limits (MHz) 
	3700
	3820
	5000
	5140

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

	3rd harmonics frequency limits (MHz)
	5550
	5730
	7500
	7710

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

	IMD frequency limits (MHz)
	590
	720
	4350
	4480

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

	IMD frequency limits (MHz)
	1130
	1320
	3090
	3290

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

	IMD frequency limits (MHz)
	6200
	6390
	6850
	7050

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

	IMD frequency limits (MHz)
	2980
	3230
	5590
	5860

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

	IMD frequency limits (MHz)
	8050
	8300
	9350
	9620

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

	IMD frequency limits (MHz)
	1440
	1180
	8700
	8960

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

	IMD frequency limits (MHz)
	8430
	8090
	5140
	4830

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

	IMD frequency limits (MHz)
	11850
	12190
	9900
	10210

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

	IMD frequency limits (MHz)
	4010
	3680
	730
	410

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

	IMD frequency limits (MHz)
	11200
	11530
	10550
	10870


Based on the table above there are no harmonics or IMD’s that fall on top of own RX band.

2UL inter-band CA UE can have impacts on other systems such as Wi-Fi, Bluetooth and GNSS due to its harmonics and intermodulations. Table 6.6.3-2 lists if up to 3rd order harmonics and IMD up to 5th order falls into one of these receiving bands.
Table 6.6.3-2: 2UL B2+B7 harmonic and IMD for ISM and GNSS bands

	Victim Systems
	Frequency range [MHz]
	Impact
	Regions
	Comments

	COMPASS
(Beidou)
	1559
	-
	1591
	NO
	
	

	Galileo
	1559
	-
	1591
	NO
	
	

	GLONASS
	1591
	-
	1610
	NO
	
	

	GPS
	1563
	-
	1587
	NO
	
	

	ISM band
 (2.4GHz)
	2400
	-
	2483.5
	NO
	US/Europe
	

	
	2400
	-
	2494
	NO
	Asia
	

	ISM band
 (5GHz)
	5150
	-
	5925
	YES
	US
	3rd harmonic, IMD4

	
	5150
	-
	5350
	NO
	Europe
	

	
	5470
	-
	5725
	YES
	
	3rd harmonic, IMD4

	
	5150
	-
	5825
	YES
	Asia
	3rd harmonic, IMD4


6.6.4
∆TIB,c and ∆RIB,c values
For UL inter-band CA_2-7, the same ∆TIB and ∆RIB can apply as in respective 1UL-2DL case.
Table 6.6.4-1: ΔTIB,c
	Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c [dB]

	CA_2A-7A
	2
	0.5

	
	7
	0.5


Table 6.6.4-2: ΔRIB,c 

	Inter-band CA Configuration
	E-UTRA Band
	ΔRIB,c [dB]

	CA_2A-7A
	2
	0

	
	7
	0


6.7
CA_41A-42A

6.7.1 
Operating bands for CA

Table 6.7.1-1: Inter-band CA operating bands for CA_41-42

	E-UTRA CA Band
	E-UTRA

Band
	Uplink (UL) band
	Downlink (DL) band
	Duplex Mode

	
	
	BS receive / UE transmit1
	BS transmit / UE receive
	

	
	
	FUL_low   –  FUL_high
	FDL_low   –  FDL_high
	

	CA_41-42
	41
	2496 MHz
	–
	2690 MHz
	2496 MHz
	–
	2690 MHz
	TDD

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


6.7.2 
Channel bandwidths per operating band for CA

Table 6.7.2-1: E-UTRA CA configuration and bandwidth combination sets for CA_41-42
	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_41A-42A
	41
	
	
	
	Yes
	Yes
	Yes
	40
	0

	
	42
	
	
	
	Yes
	Yes
	Yes
	
	


Note that in this WI, B41 and B42 are assumed to be synchronized (i.e. without simultaneous Rx/Tx)
6.7.3 
Co-existence studies
Table 6.7.3-1 lists B41+B42 2UL CA 2nd and 3rd order harmonics and 2nd, 3rd, 4th and 5th order IMD for the UE-to-UE coexistence analysis. 

Table 6.7.3-1: Band 41 and Band 42 UL harmonics and IMD products

	UE UL carriers
	fx_low
	fx_high
	fy_low
	fy_high

	UL frequency (MHz)
	2496
	2690
	3400
	3600

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

	2nd harmonics frequency limits (MHz) 
	4992 – 5380
	6800 – 7200

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

	3rd harmonics frequency limits (MHz)
	7488 – 8070
	10200 – 10800

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

	IMD frequency limits (MHz)
	710 – 1104
	5896 – 6290

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

	IMD frequency limits (MHz)
	1392 – 1980
	4110 – 4704

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

	IMD frequency limits (MHz)
	8392 – 8980
	9296 – 9890

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

	IMD frequency limits (MHz)
	2296 – 2890
	3206 – 3794

	Two-tone 4th order IMD products
	|3*fx_low –1* fy_high|
	|3*fx_high – 1*fy_low|
	|3*fy_low – 1*fx_high|
	|3*fy_high – 1*fx_low|

	IMD frequency limits (MHz)
	3888 – 4670
	7510 – 8304

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

	IMD frequency limits (MHz)
	1420 – 2208
	

	Two-tone 4th order IMD products
	|3*fx_low +1* fy_low|
	|3*fx_high + 1*fy_high|
	|3*fy_low + 1*fx_low|
	|3*fy_high + 1*fx_high|

	IMD frequency limits (MHz)
	10888 – 11670
	12696 – 13490

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

	IMD frequency limits (MHz)
	11792 – 12580
	

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

	IMD frequency limits (MHz)
	10910 – 11904
	6384 – 7360

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

	IMD frequency limits (MHz)
	4820 – 5808
	288 – 1270

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

	IMD frequency limits (MHz)
	16096 – 17090
	13384 – 14360

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

	IMD frequency limits (MHz)
	15192 – 16180
	14288 – 15270


Based on Table above, 3rd order IMD may fall into own Rx of band 41 and band 42 but as long as self-desense is concerned, there would be no problem since this 2UL CA assumes non simultaneous Rx/Tx, i.e. Rx is not operated while Tx is active. This means that extra REFSENS requirement such as MSD is not needed for this 2UL CA.

In addition, there are many possible fall-down into UE receive frequencies as below:

· 2nd harmonics: band 46,

· 2nd IMD: bands 5, 6, 8, 12, 13, 14, 17, 18, 19, 20, 26, 27, 28, 29, 44, 46, 67 and 68,

· 3rd IMD: bands 2, 3, 7, 9, 11, 21, 22, 24, 25, 30, 32, 33, 35, 36, 37, 38, 39, 40, 41, 42, 43, 45 and 69,

· 4th IMD: bands 1, 2, 3, 4, 9, 10, 11, 21, 23, 24, 25, 32, 33, 34, 35, 36, 37, 39, 45, 65, 66 and 70,

· 5th IMD: bands 5, 6, 8, 12, 13, 14, 17, 18, 19, 20, 26, 27, 28, 29, 31, 44, 46, 67 and 68.

When 2UL inter-band CA UE is operating with other systems such as WiFi, Bluetooth and GNSS system, the harmonics and intermodulation products can have impact on these systems. Table 6.7.3-2 lists if up to 3rd order harmonics and IMD up to 5th order falls into one of these receiving bands.
Table 6.7.3-2: 2UL B41+B42 harmonic and IMD for ISM and GNSS bands

	Victim Systems
	Frequency range [MHz]
	Impact
	Regions
	Comments

	COMPASS
(Beidou)
	1559
	-
	1591
	YES
	
	IMD3, IMD4

	Galileo
	1559
	-
	1591
	YES
	
	IMD3, IMD4

	GLONASS
	1591
	-
	1610
	YES
	
	IMD3, IMD4

	GPS
	1563
	-
	1587
	YES
	
	IMD3, IMD4

	ISM band
 (2.4GHz)
	2400
	-
	2483.5
	YES
	US/Europe
	IMD3

	
	2400
	-
	2494
	YES
	Asia
	IMD3

	ISM band
 (5GHz)
	5150
	-
	5925
	YES
	US
	2nd harmonic, IMD2, IMD5

	
	5150
	-
	5350
	YES
	Europe
	2nd harmonic, IMD5

	
	5470
	-
	5725
	YES
	
	IMD5

	
	5150
	-
	5825
	YES
	Asia
	2nd harmonic, IMD5


6.7. 4
∆TIB,c and ∆RIB,c values
For 1UL inter-band TDD-TDD CA cases without simultaneous Rx/Tx, the architecture depicted in Figure 6.7.4-1 has been largely employed.  In this architecture, an antenna switch is used for selecting 3 paths (Band A Tx, Band B Tx, Band A+B Rx) to eliminate a diplexer (and additional IL) in Tx path.


Figure 6.7.4-1: Architecture for 1UL TDD-TDD inter-band CA
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To support 2UL in inter-band CA, apparently the architecture could not be reused. A straight-forward way is to use the diplexer for both Tx and Rx in Figure 6.7.4-2 for instance. As an alternative choice, since this combination consists of H-VH frequencies, we can rely on “common triplexer” to split/combine these bands in Figure 6.7.4-3. 

Figure 6.7.4-2: Architecture for 2UL using a diplexer
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Figure 6.7.4-3: Architecture for 2UL using a common triplexer
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Recently, multiple CA combination support in a UE is not an exotic prerequisite and thus assuming common triplexer is a natural choice from the standpoint of flexibility and commonality in CA configurations. Therefore, it is proposed to assume the common triplexer architecture for 2UL 41A-42A evaluation.  

Based on Figure 6.7.4-3, after the common diplexer, both B41 and B42 RF only need the same parts as for single band support: a switch to select Tx and Rx, filters (if any) to reduce unwanted emission/blocking signals, and so on. The switch is anyway required for common diplexer configuration to work as “antenna switch” in the conventional implementations so it is not necessary to count it in as additional IL. Thus, for 2UL support of 41A-42A assuming the architecture as above, additional IL comes from the common diplexer alone so the default values for common diplexer can be applied to ∆TIB and ∆RIB:

Table 6.7.4-1: TIB,c 
	Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c  [dB] 



	CA_41A-42A
	41
	0.3

	
	42
	0.8

	Note: Only applicable for UE supporting inter-band carrier aggregation with uplink in two E-UTRA bands and without simultaneous Rx/Tx.


Table 6.7.4-2: RIB,c 
	Inter-band CA Configuration
	E-UTRA Band
	ΔRIB,c  [dB] 



	CA_41A-42A
	41
	0

	
	42
	0.5

	Note: Only applicable for UE supporting inter-band carrier aggregation with uplink in two E-UTRA bands and without simultaneous Rx/Tx.

	


6.8
CA_3A-21A

6.8.1 
Operating bands for CA

Table 6.8.1-1: Inter-band CA operating bands for CA_3-21

	E-UTRA CA Band
	E-UTRA

Band
	Uplink (UL) band
	Downlink (DL) band
	Duplex Mode

	
	
	BS receive / UE transmit1
	BS transmit / UE receive
	

	
	
	FUL_low   –  FUL_high
	FDL_low   –  FDL_high
	

	CA_3-21
	3
	1710 MHz
	–
	1785 MHz
	1805 MHz
	–
	1880 MHz
	FDD

	
	21
	1447.9 MHz
	–
	1462.9 MHz
	1495.9 MHz
	–
	1510.9 MHz
	


6.8.2 
Channel bandwidths per operating band for CA

Table 6.8.2-1: E-UTRA CA configuration and bandwidth combination sets for CA_3-21
	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_3A-21A
	3
	
	
	Yes
	Yes
	Yes
	Yes
	35
	0

	
	21
	
	
	Yes
	Yes
	Yes
	
	
	


6.8.3 
Co-existence studies

Table 6.8.3-1 lists B3+B21 2UL CA 2nd and 3rd order harmonics and 2nd, 3rd, 4th and 5th order IMD for the UE-to-UE coexistence analysis. 

Table 6.8.3-1: Band 3 and Band 21 UL harmonics and IMD products

	UE UL carriers
	fx_low
	fx_high
	fy_low
	fy_high

	UL frequency (MHz)
	1447.9
	1462.9
	1710
	1785

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

	2nd harmonics frequency limits (MHz) 
	2895.8 – 2925.8
	3420 – 3570

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

	3rd harmonics frequency limits (MHz)
	4343.7 – 4388.7
	5130 – 5355

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

	IMD frequency limits (MHz)
	247.1 – 337.1
	3157.9 – 3247.9

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

	IMD frequency limits (MHz)
	1110.8 – 1215.8
	1957.1 – 2122.1

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

	IMD frequency limits (MHz)
	4605.8 – 4710.8
	4867.7 – 5032.9

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

	IMD frequency limits (MHz)
	1427.9 – 1482.9
	1695 – 1800

	Two-tone 4th order IMD products
	|3*fx_low –1* fy_high|
	|3*fx_high – 1*fy_low|
	|3*fy_low – 1*fx_high|
	|3*fy_high – 1*fx_low|

	IMD frequency limits (MHz)
	2558.7 – 2678.7
	3667.1 – 3907.1

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

	IMD frequency limits (MHz)
	494.2 – 674.2
	

	Two-tone 4th order IMD products
	|3*fx_low +1* fy_low|
	|3*fx_high + 1*fy_high|
	|3*fy_low + 1*fx_low|
	|3*fy_high + 1*fx_high|

	IMD frequency limits (MHz)
	6053.7 – 6173.7
	6577.9 – 6817.9

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

	IMD frequency limits (MHz)
	6315.8 – 6495.8
	

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

	IMD frequency limits (MHz)
	5377.1 – 5692.1
	4006.6 – 4141.6

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

	IMD frequency limits (MHz)
	2204.2 – 2459.2
	773.7 – 968.7

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

	IMD frequency limits (MHz)
	8287.9 – 8602.9
	7501.6 – 7636.6

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

	IMD frequency limits (MHz)
	8025.8 – 8280.8
	7763.7 – 7958.7


Based on Table 6.8.3-1, IMD up to 5th order does not fall into own Rx of band 3 and 21. On the other hand, 3rd order IMD may also fall into Rx frequencies of bands 1, 2, 4, 10, 11, 25, 34, 36, 65, 66 and 70.
When 2UL inter-band CA UE is operating with other systems such as WiFi, Bluetooth and GNSS system, the harmonics and intermodulation products can have impact on these systems. Table 6.8.3-2 lists if up to 3rd order harmonics and IMD up to 5th order falls into one of these receiving bands.
Table 6.8.3-2: 2UL B3+B21 harmonic and IMD for ISM and GNSS bands

	Victim Systems
	Frequency range [MHz]
	Impact
	Regions
	Comments

	COMPASS
(Beidou)
	1559
	-
	1591
	-
	-
	-

	Galileo
	1559
	-
	1591
	-
	-
	-

	GLONASS
	1591
	-
	1610
	-
	-
	-

	GPS
	1563
	-
	1587
	-
	-
	-

	ISM band
 (2.4GHz)
	2400
	-
	2483.5
	Yes
	US/Europe
	IMD5

	
	2400
	-
	2494
	Yes
	Asia
	IMD5

	ISM band
 (5GHz)
	5150
	-
	5925
	Yes
	US
	3rd harmonic, IMD5

	
	5150
	-
	5350
	Yes
	Europe
	3rd harmonic, 

	
	5470
	-
	5725
	Yes
	
	IMD5

	
	5150
	-
	5825
	Yes
	Asia
	3rd harmonic, IMD5


6.8.4 
∆TIB and ∆RIB values

For inter-band CA_3-21, same requirements on values for ∆TIB and ∆RIB can apply with 1UL-2DL case. Therefore, for two simultaneous UL, the (TIB,c and (RIB,c values are shown in table 6.8.4-1 and in table 6.8.4-2:
	Table 6.8.4-1: ΔTIB,c
Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c [dB]

	CA_3-21
	3
	0.8

	
	21
	0.9


Table 6.8.4-2: ΔRIB,c 

	Inter-band CA Configuration
	E-UTRA Band
	ΔRIB,c [dB]

	CA_3-21
	3
	0.3

	
	21
	0.5


6.8.5 
MSD

As shown in Table 6.8.3-1, IMD up to 5th order does not fall into own Rx of band 3 and 21. Therefore, no MSD requirement is needed for this 2DL/2UL CA configuration in TS 36.101.
6.9
CA_7A-8A 

6.9.1
Operating bands for CA

Table 6.9.1-1: Inter-band CA operating bands for CA_7-8
	E-UTRA CA Band
	E-UTRA

Band
	Uplink (UL) band
	Downlink (DL) band
	Duplex Mode

	
	
	BS receive / UE transmit1
	BS transmit / UE receive
	

	
	
	FUL_low   –  FUL_high
	FDL_low   –  FDL_high
	

	CA_7-8
	7
	2500 MHz
	–
	2570 MHz
	2620 MHz
	–
	2690 MHz
	FDD

	
	8
	880 MHz
	–
	915 MHz
	925 MHz
	–
	960 MHz
	FDD


6.9.2
Channel bandwidths per operating band for CA

Table 6.9.2-1: E-UTRA CA configuration and bandwidth combination sets for CA_7-8
	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_7A-8A
	7
	
	
	
	Yes
	Yes
	Yes
	30
	0

	
	8
	
	Yes
	Yes
	Yes
	
	
	
	

	
	7
	
	
	
	Yes
	Yes
	Yes
	30
	1

	
	8
	
	
	Yes
	Yes
	
	
	
	

	
	7
	
	
	Yes
	Yes
	Yes
	Yes
	30
	2

	
	8
	
	
	Yes
	Yes
	
	
	
	


6.9.3
Co-existence studies
Table 6.9.3-1 lists B7+B8 2UL CA 2nd and 3rd order harmonics and 2nd, 3rd, 4th and 5th order IMD for the UE-to-UE coexistence analysis. 

Table 6.9.3-1: Band 7 and Band 8 UL harmonics and IMD products


	UE UL carriers
	fx_low
	fx_high
	fy_low
	fy_high

	UL frequency (MHz)
	880
	915  
	2500
	2570

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

	2nd harmonics frequency limits (MHz) 
	1760
	1830
	5000
	5140

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

	3rd harmonics frequency limits (MHz)
	2640
	2745
	7500
	7710

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

	IMD frequency limits (MHz)
	1585
	1690
	3380
	3485

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

	IMD frequency limits (MHz)
	810
	670
	4085
	4260

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

	IMD frequency limits (MHz)
	4260
	4400
	5880
	6055

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

	IMD frequency limits (MHz)
	70
	245
	6585
	6830

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

	IMD frequency limits (MHz)
	5140
	5315
	8380
	8625

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

	IMD frequency limits (MHz)
	3380
	3170
	6760
	6970

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

	IMD frequency limits (MHz)
	9400
	9085
	1160
	950

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

	IMD frequency limits (MHz)
	10880
	11195
	6020
	6230

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

	IMD frequency limits (MHz)
	5950
	5670
	2255
	2500

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

	IMD frequency limits (MHz)
	9260
	9540
	7640
	7885


Based on Table 6.9.3-1, the 5th order IMD may fall into own Rx of band 8 and 3nd harmonic of band 8 may fall into own Rx of band 7. In addition, 2nd and 3rd order IMD may also fall into Rx frequencies of bands 12, 13, 14, 17, 20, 28, 29, 42, 44, 46, 67 and 68. It should be noted, the 5th order IMD is falling to DL frequencies of Band 8 in the range of 950-960MHz when fx_low is in the range of 880-882.5MHz. If BS is operating in Band 8 DL frequencies in the range of 950-960MHz, the Band 8 UL frequencies are in the range of 905-915MHz, with consideration of maximum 10MHz channel bandwidth on Band 8, the 5th order IMD will not fall into own receive block of Band 8 in this combination, no issue is foreseen with receiver desensitisation.
When 2UL inter-band CA UE is operating with other systems such as WiFi, Bluetooth and GNSS system, the harmonics and intermodulation products can have impact on these systems. Table 6.9.3-2 lists if up to 3rd order harmonics and IMD up to 5th order falls into one of these receiving bands.
Table 6.9.3-2: 2UL B3+B42 harmonic and IMD for ISM and GNSS bands

	Victim Systems
	Frequency range [MHz]
	Impact
	Regions
	Comments

	COMPASS
(Beidou)
	1559
	-
	1591
	YES
	
	IMD2

	Galileo
	1559
	-
	1591
	YES
	
	IMD2

	GLONASS
	1591
	-
	1610
	YES
	
	IMD2

	GPS
	1563
	-
	1587
	YES
	
	IMD2

	ISM band
 (2.4GHz)
	2400
	-
	2483.5
	YES
	US/Europe
	IMD5

	
	2400
	-
	2494
	YES
	Asia
	IMD5

	ISM band
 (5GHz)
	5150
	-
	5925
	YES
	US
	IMD3, IMD4, IMD5

	
	5150
	-
	5350
	YES
	Europe
	IMD4

	
	5470
	-
	5725
	YES
	
	IMD5

	
	5150
	-
	5825
	YES
	Asia
	IMD4, IMD5


6.9.4 
∆TIB and ∆RIB values

The (TIB,c and (RIB,c values for inter-band  2UL-2DL CA 7-8 are shown in table 6.9.4-1 and in table 6.9.4-2, same requirements on values for ∆TIB and ∆RIB can apply with 1UL-2DL case. 
Table 6.9.4-1: ΔTIB,c
	Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c [dB]

	CA_7-8
	7
	0.3

	
	8
	0.6


Table 6.9.4-2: ΔRIB,c 

	Inter-band CA Configuration
	E-UTRA Band
	ΔRIB,c [dB]

	CA_7-8
	7
	0

	
	8
	0.2


6.9.5 
MSD

As mentioned in the section 6.9.3, IMD up to 5th order does not fall into own Rx block of band 7 and band 8.  Therefore, no MSD requirement is needed for this 2DL/2UL CA configuration in TS 36.101.
6.10
CA_3A-28A

6.10.1 
Operating bands for CA

Table 6.10.1-1: Inter-band CA operating bands for CA_3-28
	E-UTRA CA Band
	E-UTRA

Band
	Uplink (UL) band
	Downlink (DL) band
	Duplex Mode

	
	
	BS receive / UE transmit1
	BS transmit / UE receive
	

	
	
	FUL_low   –  FUL_high
	FDL_low   –  FDL_high
	

	CA_3-28
	3
	1710 MHz
	–
	1785 MHz
	1805 MHz
	–
	1880 MHz
	FDD

	
	28
	703 MHz
	–
	748 MHz
	758 MHz
	–
	803 MHz
	


6.10.2 
Channel bandwidths per operating band for CA

Table 6.10.2-1: E-UTRA CA configuration and bandwidth combination sets for CA_3-28
	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_3A-28A
	3
	
	
	Yes
	Yes
	Yes
	Yes
	30
	0

	
	28
	
	
	Yes
	Yes
	
	
	
	


6.10.3 
 Co-existence studies
Table 6.10.3-1 lists B3+B28 2UL CA 2nd and 3rd order harmonics and 2nd, 3rd, 4th and 5th order IMD for the UE-to-UE coexistence analysis. 

Table 6.10.3-1: Band 3 and Band 28 UL harmonics and IMD products

	UE UL carriers
	fx_low
	fx_high
	fy_low
	fy_high

	UL frequency (MHz)
	1710
	1785
	703
	748

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

	2nd harmonics frequency limits (MHz) 
	3420 – 3570
	1406 – 1496

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

	3rd harmonics frequency limits (MHz)
	5130 – 5355
	2109 – 2244

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

	IMD frequency limits (MHz)
	962 – 1082
	2413 – 2533

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

	IMD frequency limits (MHz)
	2672 – 2867
	214 – 379

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

	IMD frequency limits (MHz)
	4123 – 4318
	3116 – 3281

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

	IMD frequency limits (MHz)
	1700 – 1795
	683 – 768

	Two-tone 4th order IMD products
	|3*fx_low –1* fy_high|
	|3*fx_high – 1*fy_low|
	|3*fy_low – 1*fx_high|
	|3*fy_high – 1*fx_low|

	IMD frequency limits (MHz)
	4382 – 4652
	324 – 534

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

	IMD frequency limits (MHz)
	1924 – 2164
	

	Two-tone 4th order IMD products
	|3*fx_low +1* fy_low|
	|3*fx_high + 1*fy_high|
	|3*fy_low + 1*fx_low|
	|3*fy_high + 1*fx_high|

	IMD frequency limits (MHz)
	5833 – 6103
	3819 – 4029

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

	IMD frequency limits (MHz)
	4826 – 5066
	

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

	IMD frequency limits (MHz)
	1027 – 1282
	6092 – 6437

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

	IMD frequency limits (MHz)
	1176 – 1461
	3634 – 3949

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

	IMD frequency limits (MHz)
	4522 – 4777
	7543 – 7888

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

	IMD frequency limits (MHz)
	5529 – 5814
	6536 – 6851


Based on Table 6.10.3-1, IMD3 falls into own Rx of band 28. However, when the IMD3 falls into the Rx of band 28, the upper edge of Tx of band 28 needs to be higher than 738MHz assuming bandwidth of 20MHz in band 3. In this case, the lower edge of Rx of band 28 is higher than 783MHz to maintain Tx-Rx separation of 55MHz assuming bandwidth of 10MHz in band 28. Therefore, the IMD3 never falls into the received signal in band 28 and it is concluded that there is no own IMD issue for this band combination. On the other hand, 2nd order IMD may also fall into Rx frequencies of bands 41 and 3rd order IMD may also fall into Rx frequencies of bands 7, 12, 13, 14, 17, 29, 41, 44, 67 and 68.
When 2UL inter-band CA UE is operating with other systems such as WiFi, Bluetooth and GNSS system, the harmonics and intermodulation products can have impact on these systems. Table 6.10.3-2 lists if up to 3rd order harmonics and IMD up to 5th order falls into one of these receiving bands.
Table 6.10.3-2: 2UL B3+B28 harmonic and IMD for ISM and GNSS bands

	Victim Systems
	Frequency range [MHz]
	Impact
	Regions
	Comments

	COMPASS
(Beidou)
	1559
	-
	1591
	-
	-
	-

	Galileo
	1559
	-
	1591
	-
	-
	-

	GLONASS
	1591
	-
	1610
	-
	-
	-

	GPS
	1563
	-
	1587
	-
	-
	-

	ISM band
 (2.4GHz)
	2400
	-
	2483.5
	Yes
	US/Europe
	IMD2

	
	2400
	-
	2494
	Yes
	Asia
	IMD2

	ISM band
 (5GHz)
	5150
	-
	5925
	Yes
	US
	3rd harmonic, IMD4, IMD5

	
	5150
	-
	5350
	Yes
	Europe
	3rd harmonic 

	
	5470
	-
	5725
	Yes
	
	IMD5

	
	5150
	-
	5825
	Yes
	Asia
	3rd harmonic, IMD5


6.10.4 
∆TIB and ∆RIB values

For inter-band CA_3-28, same requirements on values for ∆TIB and ∆RIB can apply with 1UL-2DL case. Therefore, for two simultaneous UL, the (TIB,c and (RIB,c values are shown in table 6.10.4-1 and in table 6.10.4-2:
Table 6.10.4-1: ΔTIB,c
	Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c [dB]

	CA_3-28
	3
	0.3

	
	28
	0.3


Table 6.10.4-2: ΔRIB,c 

	Inter-band CA Configuration
	E-UTRA Band
	ΔRIB,c [dB]

	CA_3-28
	3
	0

	
	28
	0


6.10.5 
MSD

As shown in Table 6.10.3-1, IMD up to 5th order does not fall into own Rx of band 3 and 28. Therefore, no MSD requirement is needed for this 2DL/2UL CA configuration in TS 36.101.
6.11
CA_21A-28A

6.11.1 
Operating bands for CA

Table 6.11.1-1: Inter-band CA operating bands for CA_21-28
	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_21-28
	21
	1447.9 MHz
	–
	1462.9 MHz
	1495.9 MHz
	–
	1510.9 MHz
	FDD

	
	28
	703 MHz
	–
	748 MHz
	758 MHz
	–
	803 MHz
	


6.11.2 
Channel bandwidths per operating band for CA

Table 6.11.2-1: E-UTRA CA configuration and bandwidth combination sets for CA_21-28
	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_21A-28A
	21
	
	
	Yes
	Yes
	Yes
	
	25
	0

	
	28
	
	
	Yes
	Yes
	
	
	
	


6.11.3 
 Co-existence studies
Table 6.11.3-1 lists B21+B28 2UL CA 2nd and 3rd order harmonics and 2nd, 3rd, 4th and 5th order IMD for the UE-to-UE coexistence analysis. 

Table 6.11.3-1: Band 21 and Band 28 UL harmonics and IMD products

	UE UL carriers
	fx_low
	fx_high
	fy_low
	fy_high

	UL frequency (MHz)
	1447.9
	1462.9
	703
	748

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

	2nd harmonics frequency limits (MHz) 
	2895.8 – 2925.8
	1406 – 1496

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

	3rd harmonics frequency limits (MHz)
	4343.7 – 4388.7
	2109 – 2244

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

	IMD frequency limits (MHz)
	699.9 – 759.9
	2150.9 – 2210.9

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

	IMD frequency limits (MHz)
	2147.8 – 2222.8
	48.1 – 56.9

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

	IMD frequency limits (MHz)
	3598.8 – 3673.8
	2853.9 – 2958.9

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

	IMD frequency limits (MHz)
	1437.9 – 1472.9
	688 – 763

	Two-tone 4th order IMD products
	|3*fx_low –1* fy_high|
	|3*fx_high – 1*fy_low|
	|3*fy_low – 1*fx_high|
	|3*fy_high – 1*fx_low|

	IMD frequency limits (MHz)
	3595.7 – 3685.7
	646.1 – 796.1

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

	IMD frequency limits (MHz)
	1399.8 – 1519.8
	

	Two-tone 4th order IMD products
	|3*fx_low +1* fy_low|
	|3*fx_high + 1*fy_high|
	|3*fy_low + 1*fx_low|
	|3*fy_high + 1*fx_high|

	IMD frequency limits (MHz)
	5046.7 – 5136.7
	3556.9 – 3706.9

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

	IMD frequency limits (MHz)
	4301.8 – 4421.8
	

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

	IMD frequency limits (MHz)
	1349.1 – 1544.1
	5043.6 – 5148.6

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

	IMD frequency limits (MHz)
	651.8 – 816.8
	2847.7 – 2982.7

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

	IMD frequency limits (MHz)
	4259.9 – 4454.9
	6494.6 – 6599.6

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

	IMD frequency limits (MHz)
	5004.8 – 5169.8
	5749.7 – 5884.7


Based on Table 6.11.3-1, IMD4 and 5 may fall into own Rx of band 21 and IMD2, 3, 4 and 5 may fall into own Rx of band 28. However, taking into account that Band 21 is only operated by a certain operator so far, the Band 28 transmission for this combination is limited within 728 – 738 MHz based on the actual spectrum allocation. In this case, IMD4 issue for own Rx of band 21 and IMD2, 3, 4 and 5 issues for own Rx of B28 will be resolved. Therefore, it is concluded that there is only IMD5 issue for own Rx of band 21. On the other hand, 2nd and 3rd order IMD may also fall into Rx frequencies of bands 10, 12, 13, 17, 23, 29, 43, 44, 45, 46, 65, 66 and 67.
When 2UL inter-band CA UE is operating with other systems such as WiFi, Bluetooth and GNSS system, the harmonics and intermodulation products can have impact on these systems. Table 6.11.3-2 lists if up to 3rd order harmonics and IMD up to 5th order falls into one of these receiving bands.
Table 6.11.3-2: 2UL B21+B28 harmonic and IMD for ISM and GNSS bands

	Victim Systems
	Frequency range [MHz]
	Impact
	Regions
	Comments

	COMPASS
(Beidou)
	1559
	-
	1591
	-
	-
	-

	Galileo
	1559
	-
	1591
	-
	-
	-

	GLONASS
	1591
	-
	1610
	-
	-
	-

	GPS
	1563
	-
	1587
	-
	-
	-

	ISM band
 (2.4GHz)
	2400
	-
	2483.5
	-
	US/Europe
	

	
	2400
	-
	2494
	-
	Asia
	

	ISM band
 (5GHz)
	5150
	-
	5925
	Yes
	US
	IMD5

	
	5150
	-
	5350
	-
	Europe
	

	
	5470
	-
	5725
	-
	
	

	
	5150
	-
	5825
	Yes
	Asia
	IMD5


6.11.4 
∆TIB and ∆RIB values

For inter-band CA_21-28, same requirements on values for ∆TIB and ∆RIB can apply with 1UL-2DL case. Therefore, for two simultaneous UL, the (TIB,c and (RIB,c values are shown in table 6.11.4-1 and in table 6.11.4-2:
Table 6.11.4-1: ΔTIB,c
	Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c [dB]

	CA_21-28
	21
	0.4

	
	28
	0.3


Table 6.11.4-2: ΔRIB,c 

	Inter-band CA Configuration
	E-UTRA Band
	ΔRIB,c [dB]

	CA_21-28
	21
	0

	
	28
	0


6.11.5 
MSD

Based on the co-existence study in section 6.11.3, there is IMD5 issue for own Rx of Band 21 and the MSD requirement is shown in table 6.11.5-1.
Table 6.11.5-1: Band 21 MSD caused by IMD5

	E-UTRA Band / Channel bandwidth / NRB / Duplex mode
	Source of IMD

	EUTRA CA 

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

	CA_21A-28A
	21
	1450.4
	5
	25
	1498.4
	FFS
	FDD
	IMD5

	
	28
	735.5
	5
	25
	790.5
	N/A
	
	N/A


6.12
CA_28A-42A

6.12.1
Operating bands for CA

Table 6.12.1-1: Inter-band CA operating bands for CA_28-42

	E-UTRA CA Band
	E-UTRA

Band
	Uplink (UL) band
	Downlink (DL) band
	Duplex Mode

	
	
	BS receive / UE transmit1
	BS transmit / UE receive
	

	
	
	FUL_low   –  FUL_high
	FDL_low   –  FDL_high
	

	CA_28-42
	28
	703 MHz
	–
	748 MHz
	758 MHz
	–
	803 MHz
	FDD

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


6.12.2
Channel bandwidths per operating band for CA

Table 6.12.2-1: E-UTRA CA configuration and bandwidth combination sets for CA_28-42
	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_28A-42A
	28
	
	
	Yes
	Yes
	
	
	30
	0

	
	42
	
	
	Yes
	Yes
	Yes
	Yes
	
	


6.12.3
Co-existence studies

Table 6.12.3-1 lists B28+B42 2UL CA 2nd and 3rd order harmonics and 2nd, 3rd, 4th and 5th order IMD for the UE-to-UE coexistence analysis. 

Table 6.12.3-1: Band 28 and Band 42 UL harmonics and IMD products

	UE UL carriers
	fx_low
	fx_high
	fy_low
	fy_high

	UL frequency (MHz)
	703
	748
	3400
	3600

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

	2nd harmonics frequency limits (MHz) 
	1406 – 1496
	6800 – 7200

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

	3rd harmonics frequency limits (MHz)
	2109 – 2244
	10200 – 10800

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

	IMD frequency limits (MHz)
	2652 – 2897
	4103 – 4348

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

	IMD frequency limits (MHz)
	1904 – 2194
	6052 – 6497

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

	IMD frequency limits (MHz)
	4806 – 5096
	7503 – 7948

	Two-tone 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)
	683 - 768
	3390 - 3610

	Two-tone 4th order IMD products
	|3*fx_low –1* fy_high|
	|3*fx_high – 1*fy_low|
	|3*fy_low – 1*fx_high|
	|3*fy_high – 1*fx_low|


	IMD frequency limits (MHz)
	1156 - 1491
	9452 - 10097

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

	IMD frequency limits (MHz)
	5304 – 5794
	

	Two-tone 4th order IMD products
	|3*fx_low +1* fy_low|
	|3*fx_high + 1*fy_high|
	|3*fy_low + 1*fx_low|
	|3*fy_high + 1*fx_high|

	IMD frequency limits (MHz)
	5509 - 5844
	10903 - 11548

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

	IMD frequency limits (MHz)
	8206 - 8696
	

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

	IMD frequency limits (MHz)
	12852 - 13697
	408 – 788

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

	IMD frequency limits (MHz)
	8704 - 9394
	4556 – 5091

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

	IMD frequency limits (MHz)
	14303 - 15148
	6212 – 6592

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

	IMD frequency limits (MHz)
	11606 - 12296
	8909 - 9444


Based on Table 6.12.3-1, 3rd and 5th order IMD may fall into own Rx of band 28. However, when the IMD3 falls into the Rx of band 28, the upper edge of Tx of band 28 needs to be higher than 738MHz assuming bandwidth of 20MHz in band 42. In this case, the lower edge of Rx of band 28 is higher than 783MHz to maintain Tx-Rx separation of 55MHz assuming bandwidth of 10MHz in band 28. Therefore, the IMD3 never falls into the received signal in band 28 and it is concluded that there is own IMD5 issue only for this band combination. On the other hand, 2nd and 3rd order IMD and harmonics may also fall into Rx frequencies of bands 1, 2, 4, 7, 10, 12, 13, 14, 17, 22, 23, 25, 29, 33, 34, 35, 36, 37, 39, 41, 43, 44, 65, 66, 67, 68 and 70. 

When 2ULs inter-band CA UE is operating with other systems such as WiFi, Bluetooth and GNSS system, the harmonics and intermodulation products can have impact on these systems. Table 6.12.3-2 lists if up to 3rd order harmonics and IMD up to 5th order falls into one of these receiving bands.
Table 6.12.3-2: 2UL B28+ B42 harmonic and IMD for ISM and GNSS bands

	Victim Systems
	Frequency range [MHz]
	Impact
	Regions
	Comments

	COMPASS
(Beidou)
	1559
	-
	1591
	
	
	

	Galileo
	1559
	-
	1591
	
	
	

	GLONASS
	1591
	-
	1610
	
	
	

	GPS
	1563
	-
	1587
	
	
	

	ISM band
 (2.4GHz)
	2400
	-
	2483.5
	
	US/Europe
	

	
	2400
	-
	2494
	
	Asia
	

	ISM band
 (5GHz)
	5150
	-
	5925
	YES
	US
	IMD4

	
	5150
	-
	5350
	YES
	Europe
	IMD4

	
	5470
	-
	5725
	YES
	
	IMD4

	
	5150
	-
	5825
	YES
	Asia
	IMD4


6.12.4
∆TIB,c and ∆RIB,c values

For inter-band CA_28-42, same requirements on values for ∆TIB,c and ∆RIB,c can apply with 1UL-2DL case. Therefore, for two simultaneous UL, the (TIB,c and (RIB,c values are shown in table 6.12.4-1 and in table 6.12.4-2:
Table 6.12.4-1: ΔTIB,c
	Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c [dB]

	CA_28-42
	28
	0.5

	
	42
	0.8


Table 6.12.4-2: ΔRIB,c 

	Inter-band CA Configuration
	E-UTRA Band
	ΔRIB,c [dB]

	CA_28-42
	28
	0.2

	
	42
	0.5


6.12.5
MSD

Based on the co-existence study in section 6.12.3, there is IMD5 issue for own Rx range in this combination and the MSD requirement is shown in table 6.12.5-1.
Table 6.12.5-1: Band 28 MSD caused by IMD5
	E-UTRA Band / Channel bandwidth / NRB / Duplex mode
	Source of IMD

	EUTRA CA 

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

	CA_28A_42A
	28
	705.5
	5
	25
	760.5
	FFS
	FDD
	IMD5

	
	42
	3582.5
	5
	25
	3582.5
	N/A
	TDD
	N/A


6.13
CA_8A-39A
6.13.1 
Operating bands for CA
Table 6.13.1-1: Inter-band CA operating bands for CA_8-39
	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_8-39
	8
	880 MHz
	–
	915 MHz
	925 MHz
	–
	960 MHz
	FDD

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


6.13.2
Channel bandwidths per operating band for CA
Table 6.13.2-1: Supported E-UTRA bandwidths per CA configuration for CA_8-39
	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-39A 
	8
	Yes 
	Yes
	Yes
	Yes
	
	
	30
	0

	
	39
	
	
	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 when operating in single carrier mode.
6.13.3 
Co-existence issues

Table 6.13.3-1 lists B8+B39 2UL CA 2nd and 3rd order harmonics and 2nd, 3rd, 4th and 5th order IMD for the UE-to-UE coexistence analysis. 

Table 6.13.3-1: Band 8 and Band 39 UL harmonics and IMD products

	UE UL carriers
	fx_low
	fx_high
	fy_low
	fy_high

	UL frequency (MHz)
	880
	915
	1880
	1920

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

	2nd harmonics frequency limits (MHz) 
	1760
	1830
	3760
	3840

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

	3rd harmonics frequency limits (MHz)
	2640
	2745
	5640
	5760

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

	IMD frequency limits (MHz)
	965
	1040
	2760
	2835

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

	IMD frequency limits (MHz)
	160
	50
	2845
	2960

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

	IMD frequency limits (MHz)
	3640
	3750
	4675
	4755

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

	IMD frequency limits (MHz)
	720
	865
	4725
	4880

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

	IMD frequency limits (MHz)
	4520
	4665
	6520
	6675

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

	IMD frequency limits (MHz)
	2080
	1930
	5520
	5670

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

	IMD frequency limits (MHz)
	6800
	6605
	1780
	1600

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

	IMD frequency limits (MHz)
	8400
	8595
	5400
	5580

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

	IMD frequency limits (MHz)
	4000
	3810
	1015
	1095

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

	IMD frequency limits (MHz)
	7400
	7590
	6505
	6585


Based on the table above there are no harmonics or IMD’s that fall on top of own RX band.

2UL inter-band CA UE can have impacts on other systems such as WiFi, Bluetooth and GNSS due to its harmonics and intermodulations. Table 6.13.3-2 lists if up to 3rd order harmonics and IMD up to 5th order falls into one of these receiving bands.
Table 6.13.3-2: 2UL B8+B39 harmonic and IMD for ISM and GNSS bands

	Victim Systems
	Frequency range [MHz]
	Impact
	Regions
	Comments

	COMPASS
(Beidou)
	1559
	-
	1591
	NO
	
	

	Galileo
	1559
	-
	1591
	NO
	
	

	GLONASS
	1591
	-
	1610
	YES
	
	

	GPS
	1563
	-
	1587
	NO
	
	

	ISM band
 (2.4GHz)
	2400
	-
	2483.5
	NO
	US/Europe
	

	
	2400
	-
	2494
	NO
	Asia
	

	ISM band
 (5GHz)
	5150
	-
	5925
	YES
	US
	3rd harmonic, IMD4

	
	5150
	-
	5350
	NO
	Europe
	

	
	5470
	-
	5725
	YES
	
	3rd harmonic, IMD4

	
	5150
	-
	5825
	YES
	Asia
	3rd harmonic, IMD4


6.13.4
∆TIB and ∆RIB values
Since there is no harmonic/IMD issue for 2UL inter-band CA_8-39, the same ∆TIB and ∆RIB can apply as in respective 1UL-2DL case.
Table 6.13.4-1: ΔTIB,c
	Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c [dB]

	CA_8A-39A
	8
	0.3

	
	39
	0.3


Table 6.13.4-2: ΔRIB,c 
	Inter-band CA Configuration
	E-UTRA Band
	ΔRIB,c [dB]

	CA_8A-39A
	8
	0

	
	39
	0
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