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1. Introduction

In RAN #65, it was agreed to start work on band combination of Band 1 and Band 8 [1]. This contribution contains harmonics and intermodulation products analysis supporting for dual uplink inter band CA Band 1 and Band 8. In order to reflect our research, we provide related TP for TR 36.860 based on the analysis and related information.
2. Analysis
Table 1 and 2 show E-UTRA operating bands and supported channel bandwidth for this combination. Harmonics and intermodulation product problems are summarized below the relevant tables.
Table 1: E-UTRA interband CA band for CA_1-8
	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_1-8
	1
	1920 MHz
	–
	1980 MHz
	2110 MHz
	–
	2170 MHz
	FDD

	
	8
	880 MHz
	–
	915 MHz
	925 MHz
	–
	960 MHz
	


Table 2: Supported E-UTRA bandwidths per CA configuration for CA_1-8
	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_1A-8A
	1
	
	
	Yes
	Yes
	Yes
	Yes
	30
	0

	
	8
	
	
	Yes
	Yes
	
	
	
	

	
	1
	
	
	Yes
	Yes
	
	
	20
	1

	
	8
	
	
	Yes
	Yes
	
	
	
	


Harmonic and intermodulation frequency ranges for this B1+B8 2UL CA are presented in Table 3. We consider up to 3rd harmonic component and up to 5th intermodulation in order to consider potential impact to GNSS and Wi-Fi system.
Table 3: CA_1A-8A UL harmonics and IMD products
	UE UL carriers
	fx_low
	fx_high
	fy_low
	fy_high

	UL frequency (MHz)
	880
	915
	1920
	1980

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

	2nd harmonics frequency limits (MHz) 
	1760 - 1830
	3840 – 3960

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

	3rd harmonics frequency limits (MHz)
	2640 - 2745
	5760 - 5940

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

	IMD frequency limits (MHz)
	1005 - 1100
	2800 - 2895

	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)
	90 - 200
	2925 - 3080

	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)
	3680 - 3810
	4720 - 4875

	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)
	660 - 825
	4845 - 5060

	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)
	4560 - 4725
	6640 - 6855

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

	IMD frequency limits (MHz)
	2010 - 2200
	2010 - 2200

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

	IMD frequency limits (MHz)
	5600 - 5790
	5600 - 5790

	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)
	6765 - 7040 
	1540 - 1740

	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)
	8560 - 8835
	5440 - 5640

	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)
	3930 - 4180
	1095 - 1320

	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)
	7520 - 7770
	6480 - 6705


Based on Table 9.X.1.2-1, IMD4 may fall into own RX of band 1. 
2nd harmonic of B8 may fall on Rx of B3 and third harmonic on bands 7 and 41. IMD3 may fall on band 43. Other affected bands of up to 5th order IMD and 3rd order harmonics are 3,4,7,10,12,13,14,17,20,23,24,28, 29,34 ,41, 43 and 44.
In addition to E-UTRA bands also co-existence with GNSS and ISM frequencies was studied. GNSS and ISM frequencies which were included in the study are captured in Table 4.
Table 4: B1+B8 general IMD/Harmonics analysis to protect ISM bands and GNSS

	Victim Systems
	Frequency range [MHz]
	Impact
	Regions
	Comments

	COMPASS
(Beidou)
	1559
	-
	1591
	Yes
	
	IMD5

	Galileo
	1559
	-
	1591
	Yes
	
	IMD5

	GLONASS
	1591
	-
	1610
	Yes
	
	IMD5

	GPS
	1563
	-
	1587
	Yes
	
	IMD5

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

	
	2400
	-
	2494
	No
	Asia
	

	ISM band
 (5GHz)
	5150
	-
	5925
	Yes
	US
	H3, IMD4, IMD5

	
	5150
	-
	5350
	Yes
	Europe
	IMD5

	
	5470
	-
	5725
	Yes
	
	IMD4, IMD5

	
	5150
	-
	5825
	Yes
	Asia
	H3, IMD4, IMD5


3. Conclusion

Above analysis to be captured in TR36.860 [2] and text proposal is provided in annex

4. References
[1]   RP-141160 “Revised WID: LTE Advanced dual uplink inter-band Carrier Aggregation Class A4 ” Nokia. 3GPP RAN #65
[2]   TR 36.860 v0.10.0
Annex: Text proposal for the TR 36.860 
<unchanged section omitted>
<start of the text>
5.2
UE specific 
5.2.1
UE Coexistence requirements for Dual UL CA when the aggregated bands are from different regions
Most dual-uplink inter-band CA combinations are from the same regions as shown in table 5.2.1-1. But some inter-band CA combinations are from the inter-regions such as B1+B5, B3+B5 and B4+B7 combinations.
Table 5.2.1-1: Dual-uplink inter-band CA combination lists
	Class
	Band Combination
	Frequency
	Deployment Regions

	Dual-uplink

Inter-band CA
	A1
	B1+B5 
	2.1G+800M
	Inter-regions

(Region 1+2+3)

	
	
	B1+B19
	2.1G+800M
	Region 3

	
	
	B3+B20
	1.8G+800M
	Region 1

	
	
	B7+B28
	2.6G+700M
	Region 2

	
	
	B2+B13
	1.9G+700M
	Region 2

	
	
	B4+B13
	2.1G+700M
	Region 2

	
	A2
	B3+B8 
	1.8G+900M
	Region 3

	
	
	B4+B12
	2.1G+700M
	Region 2

	
	
	B4+B17
	2.1G+700M
	Region 2

	
	A3
	B1+B7
	2.1G+2.6G
	Region 1

	
	
	B3+B7 
	1.7G+2.6G
	Region 1

	
	
	B4+B7 
	1.7G+2.6G
	Inter-regions

(Region 1+2+3)

	
	
	B5+B12 
	800M+700M
	Region 2

	
	
	B5+B17 
	800M+700M
	Region 2

	
	A4
	B3+B5 
	1.8G+800M
	Inter-regions

(Region 1+2+3)

	
	
	B2+B4
	1.9G+2.1G 
	Region 2

	
	
	B7+B20 
	2.6G+800M
	Region 1

	
	
	B3+B26
	1.8G+800M 
	Region 3

	
	
	B3+B19
	1.8G+800M
	Region 3

	
	
	B5+B7
	800M+2.6G
	Region 3

	
	
	B1+B3
	2.1G+1.8G
	Region 3

	
	
	B3+B8 
	1.8G+900M
	Region 3

	
	
	B1+B8 
	2.1G+900M
	Region 3

	
	A5
	B1+B21 
	2.1G+1.4G
	Region 3

	
	
	B19+B21
	800M+1.4G
	Region 3


For the 1UL/2DL inter-band CA UE, the aggressor signal is generated in 1 UL band same as rel-8/9 UE. So it is possible to follow the conventional UE-to-UE coexistence requirements that are described in table 6.6.3.2-1[5]. However, the frequency range of emission level for IMD and Harmonic from 2UL inter-band CA needs to be analyzed and measured to determine the adjacent UE coexistence requirements.
<end of text>
<unchanged section omitted>
<start of the text>
5.2.5

Transmit power

5.2.5.1 UE maximum output power for 2UL inter-band CA
For 2UL inter-band CA, considering SAR requirement, current power class for each UE should be maintained. UE maximum output power shall be measured over all component carriers from different bands. If each band has separate antenna connectors, maximum output power is measured as the sum of maximum output power at each UE antenna connector.

For 2UL inter-band CA, multiple transmitters with one for each band are assumed. Considering lower tolerance is impacted by the number of transmitters rather than the number of antenna connectors, the lower tolerance of maximum output power for dual uplink inter-band CA shall also be relaxed due to multiple transmitters. This is very similar to the case of UL-MIMO. The tolerance value for 2UL inter-band CA could refer to UL-MIMO considering both are two transmitters sharing the maximum output power. For a certain band combination, if the lower tolerance is different for the two constituent bands, the tolerance is FFS. 
Table 5.2.5.1-1: CA UE Power Class with dual uplink

	E-UTRA CA Configuration
	Class 1 (dBm)
	Tolerance (dB)
	Class 2 (dBm)
	Tolerance (dB)
	Class 3 (dBm)
	Tolerance (dB)
	Class 4 (dBm)
	Tolerance (dB)

	CA_1A-5A
	
	
	
	
	23
	+2/-3
	
	

	CA_3A-20A
	
	
	
	
	23
	 +2/-32
	
	

	CA_1A-19A
	
	
	
	
	23
	+2/-3
	
	

	CA_3A-8A
	
	
	
	
	23
	 +2/-32
	
	

	CA_4A-12A
	
	
	
	
	23
	 +2/-32
	
	

	CA_4A-17A
	
	
	
	
	23
	+2/-3
	
	

	CA_1A-7A
	
	
	
	
	23
	 +2/-32
	
	

	CA_3A-7A
	
	
	
	
	23
	 +2/-32
	
	

	CA_4A-7A
	
	
	
	
	23
	 +2/-32
	
	

	CA_5A-12A
	
	
	
	
	23
	 +2/-32
	
	

	CA_5A-17A
	
	
	
	
	23
	+2/-3
	
	

	CA_3A-5A
	
	
	
	
	23
	 +2/-32
	
	

	CA_7A-20A
	
	
	
	
	23
	 +2/-32
	
	

	CA_1A-21A
	
	
	
	
	23
	+2/-3
	
	

	CA_7A-28A
	
	
	
	
	23
	+2/-32
	
	

	CA_2A-4A
	
	
	
	
	23
	+2/-32
	
	

	CA_3A-26A
	
	
	
	
	23
	+2/-32
	
	

	CA_3A-19A
	
	
	
	
	23
	+2/-32
	
	

	CA_19A-21A
	
	
	
	
	23
	+2/-3
	
	

	 CA_1A-8A
	
	
	
	
	23
	+2/-3
	
	

	NOTE 1:
Void
NOTE 2:
2 refers to the transmission bandwidths (Figure 5.6-1) confined within FUL_low and FUL_low + 4 MHz or FUL_high – 4 MHz and FUL_high, the maximum output power requirement is relaxed by reducing the lower tolerance limit by 1.5 dB 

NOTE 3:
PPowerClass is the maximum UE power specified without taking into account the tolerance

NOTE 4: 
For inter-band carrier aggregation the maximum power requirement should apply to the total transmitted power over all component carriers (per UE).


<end of text>
<unchanged section omitted>
<start of the text>
5.2.7
Transmit signal quality and intermodulation
Since each band is expected to have its own transmitter for 2UL inter-band CA, transmit signal quality and transmit intermodulation requirement shall not be affected by the carrier from different band. To guarantee existing RF performance, these two requirements shall be kept unchanged for each band in 2UL inter-band CA. The requirements shall apply on each component carrier with both component carriers active.

5.2.7.1 Frequency error in CA

For inter-band carrier UL aggregation the frequency error requirements defined in frequency error section apply per component carrier.
5.2.8

Output RF spectrum emissions
For 2UL inter-band CA, multiple carriers from different band transmit through a common antenna simultaneously, which means the spurious emission application range should exclude out-of-band emission frequency range and channel frequency range of all carriers. The figure below illustrates the spectrum emissions application range for 2UL inter-band CA.

For occupied bandwidth, general spurious emission requirement, existing requirement for each carrier could also be reused for 2UL inter-band CA. The requirements shall apply on each component carrier with both component carriers active.


[image: image1]
Figure 5.2.8-1: Transmitter RF spectrum for inter-band CA 2UL

5.2.8.1 
SEM requirements

Currently, RAN4 has assumed two RF front-end architectures for 2ULs inter-band CA as shown in Figure 5.2.8.1-1. In both cases, individual RF chain is used for each PCell and SCell, respectively. 
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Figure 5.2.8.1-1: Examples of 2ULs inter-band CA architectures
And also from the 2ULs inter-band CA combination under discussion in Table 5.2.8.1-1, the minimum band gap is observed in B2+B4 of Class A4, which is 95MHz. So the conventional SEM requirements in Rel-8/9 can be reused for the SEM of 2ULs inter-band CA.
Table 5.2.8.1-1: Dual-uplink inter-band CA combination lists
	Class
	Band Combination
	Frequency
	Band Gap

	Dual-uplink

Inter-band CA
	A1
	B1+B5
	2.1G+800M
	1071MHz

	
	
	B1+B19
	2.1G+800M
	1075MHz

	
	
	B3+B20
	1.8G+800M
	848MHz

	
	
	B7+B28
	2.6G+700M
	1752MHz

	
	
	B2+B13
	1.9G+700M
	1063MHz

	
	
	B4+B13
	2.1G+700M
	923MHz

	
	A2
	B3+B8
	1.8G+900M
	795MHz

	
	
	B4+B12
	2.1G+700M
	994MHz

	
	
	B4+B17
	2.1G+700M
	994MHz

	
	A3
	B1+B7
	2.1G+2.6G
	520MHz

	
	
	B3+B7
	1.7G+2.6G
	715MHz

	
	
	B4+B7
	1.7G+2.6G
	745MHz

	
	
	B5+B12
	2ULs
(824~849M) + (698~716M)
	108MHz

	
	
	B5+B17
	2ULs
(824~849M) + (704~716M)
	108MHz

	
	A4
	B3+B5
	1.8G+800M
	861MHz

	
	
	B2+B4
	1.9G+2.1G
	95MHz

	
	
	B7+B20
	2.6G+800M
	1638MHz

	
	
	B3+B26
	1.8G+800M
	861MHz

	
	
	B3+B19
	1.8G+800M
	865MHz

	
	
	B5+B7
	800M+2.6G
	16511MHz

	
	
	B1+B3
	2.1G+1.8G
	135MHz

	
	
	B3+B8
	1.8G+900M
	795MHz

	
	
	B1+B8
	2.1G+900M
	1005MHz

	
	A5
	B1+B21
	2.1G+1.4G
	457MHz

	
	
	B19+B21
	800M+1.4G
	603MHz


In 2ULs inter-band CA band combinations in future release, if band gap between two bands is less than sum of (fOOB_X and (fOOB_Y, the SEM requirements allowing higher PSD level for emissions is chosen as intra-band NC CA case. 
From the observation, we propose as follow
Proposal 1:  The SEM requirement for 2UL CA should be the same as that in Rel-8/9 if band-gap is larger than (fOOB_CBW_X + (fOOB_CBW_Y.
Proposal 2 : The higher PSD levels of SEM of two individual carrier should be applied in the overlapped region if band-gap is smaller than (fOOB_CBW_X + (fOOB_CBW_Y.
5.2.8.2 
ACLR requirements
In the figure 5.2.8.2-1, we showed two cases for ACLR requirements for 2ULs inter-band CA. For current inter-band combinations, all deployments scenarios falls into case 1 in Figure 5.2.8.2-1 due to the large band gaps as shown in table 5.2.8.1-1. BWGAP is frequency gap between the upper frequency of low UL CC and the lower frequency of high UL CC.
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Figure 5.2.8.2-1: ACLR requirements for 2ULs inter-band CA
However, when considering 2ULs inter-band CA in future release such that if band gap between is less the supported channel BW as shown in the case2 and case3 of Figure 5.2.8.2-1, RAN4 can follow the ACLR requirements for intra-band non contiguous CA in TR36.823. 
Therefore, the typical possible solution can be proposed as follow
Proposal 3: For UTRAACLR1 and UTRAACLR2
▪    UTRAACLR1 is required to be met in the band gap when the gap bandwidth BWGAP is 5MHz ( BWGAP.
▪    Both UTRAACLR1, UTRAACLR2 are required to be met in the gap when the gap bandwidth BWGAP is 15MHz( BWGAP
●   Proposal 4: For E-UTRAACLR
▪    E- UTRAACLR adjacent channel power measurement bandwidth equals the channel bandwidth that it is adjacent to. 

▪    In case the band gap is smaller than other of the channel bandwidth then for that channel bandwidth no E-UTRAACLR requirement is set for the band gap. 

▪    In case the band gap is smaller than either of the channel bandwidths then no E- UTRAACLR requirement is set for the band gap.

5.2.8.3

Dual Uplink CA UE Coexistence requirements
For inter-band carrier aggregation with the uplink assigned to two E-UTRA bands the requirements in Table 5.2.8.3-1 applies for CA_1A-5A UE as an example. We note that CA_1A-5A does not provide protection of Band 27 beyond SEM.
NOTE: The requirements in 2 UL inter-band CA UE to UE co-existence table could be verified by measuring spurious emissions [at least] at the specific frequencies where second and third order intermodulation products generated by the two transmitted carriers can occur; in that case, the requirements for remaining applicable frequencies in 2 UL inter-band CA UE to UE co-existence table would be considered to be verified by the measurements verifying the 1 UL inter-band CA UE to UE co-existence requirements.
Table 5.2.8.3-1: Spurious emission band UE co-existence for uplink inter-band CA 
	E-UTRA CA Configuration
	Spurious emission 

	
	Protected band
	Frequency range (MHz)
	Maximum Level (dBm)
	MBW (MHz)
	Note

	CA_1A-5A
	E-UTRA Band 1, 5, 7, 8, 22, 28, 31, 38, 40,  42, 43


	FDL_low 
	- 
	FDL_high
	-50
	1
	

	
	E-UTRA band 3,34
	FDL_low 
	- 
	FDL_high
	-50
	1
	3

	
	E-UTRA band 26
	859 
	- 
	869
	-27
	1
	

	NOTE 1:
FDL_low and FDL_high refer to each E-UTRA frequency band specified in Table 5.5-1

NOTE 2:
As exceptions, measurements with a level up to the applicable requirements defined in Table 6.6.3.1-2 are permitted for each assigned E-UTRA carrier used in the measurement due to 2nd, 3rd, 4th [or 5th] harmonic spurious emissions. An exception is allowed if there is at least one individual RB within the transmission bandwidth (see Figure 5.6-1) for which the 2nd, 3rd or 4th harmonic totally or partially overlaps the measurement bandwidth (MBW).

NOTE 3:
The requirement also applies for the frequency ranges that are less than FOOB (MHz) in Table 6.6.3.1-1 and Table 6.6.3.1A-1 from the edge of the aggregated channel bandwidth.



5.2.8.4

Analysis of affected operating bands for dual uplink CA band combinations

Tables below list all the affected operating bands due to harmonic and IMD products for CA class A1 to A5. Operating bands marked in red color are those protected bands belong to Band X or Band Y for CA_X-Y in the UE to UE co-existence table 6.6.3.2-1 in [5].

Table 5.2.8.4-1: Affected operating bands due to harmonic and IMD products for CA class A1

	E-UTRA CA band
	Affected operating bands
	Note

	CA_1-5
	-
	2nd Harmonics

	
	E-UTRA Band 41
	3rd Harmonics

	
	-
	IM2

	
	E-UTRA Band 22, 42, 43
	IM3

	
	E-UTRA Band 11
	IM5

	CA_3-20
	E-UTRA Band 22, 42
	2nd Harmonics

	
	E-UTRA Band 38, 41
	3rd Harmonics

	
	E-UTRA Band 5, 7, 8, 18, 19, 26, 27, 38, 41
	IM2

	
	E-UTRA Band 7, 38, 41, 42
	IM3

	
	E-UTRA Band 5, 8, 18, 19, 22, 24, 26, 27, 42, 43
	IM5

	CA_1-19
	-
	2nd Harmonics

	
	E-UTRA Band 41
	3rd Harmonics

	
	-
	IM2

	
	E-UTRA Band 22, 42, 43
	IM3

	
	-
	IM5

	CA_7-28
	E-UTRA Band 11, 21
	2nd Harmonics

	
	E-UTRA Band 1, 4, 10, 23
	3rd Harmonics

	
	E-UTRA Band 3
	IM2

	
	-
	IM3

	
	E-UTRA Band 31
	IM5

	CA_2-13
	E-UTRA Band 24, 43
	2nd Harmonics

	
	E-UTRA Band 30, 40
	3rd Harmonics

	
	E-UTRA Band 7,41
	IM2

	
	E-UTRA Band 42
	IM3

	
	E-UTRA Band 11
	IM5

	CA_4-13
	E-UTRA Band 24, 42
	2nd Harmonics

	
	E-UTRA Band 30, 40
	3rd Harmonics

	
	E-UTRA Band 8, 41
	IM2

	
	E-UTRA Band 7, 41
	IM3

	
	E-UTRA Band 22, 42
	IM5


Table 5.2.8.4-2: Affected operating bands due to harmonic and IMD products for CA class A2
	E-UTRA CA band
	Affected operating bands
	Note

	CA_3-8
	E-UTRA Band 3, 22, 42
	2nd Harmonics

	
	E-UTRA Band 7, 41
	3rd Harmonics

	
	E-UTRA Band 5, 7, 18, 19, 20, 26, 27, 28, 38, 41, 44
	IM2

	
	E-UTRA Band 7, 22, 38, 41, 42, 43
	IM3

	
	E-UTRA Band 2, 3, 5, 8, 9, 12, 13, 14, 17, 18, 19, 20, 22, 25, 26, 27, 28, 29, 33, 35, 36, 37, 39, 42, 44
	IM5

	CA_4-12
	E-UTRA Band 42
	2nd Harmonics

	
	E-UTRA Band 1, 4, 10
	3rd Harmonics

	
	-
	IM2

	
	-
	IM3

	
	E-UTRA Band 43
	IM5

	CA_4-17
	E-UTRA Band 42
	2nd Harmonics

	
	E-UTRA Band 1, 4, 10
	3rd Harmonics

	
	-
	IM2

	
	-
	IM3

	
	E-UTRA Band 43
	IM5


Table 5.2.8.4-3: Affected operating bands due to harmonic and IMD products for CA class A3
	E-UTRA CA band
	Affected operating bands
	Note

	CA_1-7
	-
	2nd Harmonics

	
	-
	3rd Harmonics

	
	-
	IM2

	
	-
	IM3

	
	E-UTRA Band 8, 12, 13, 14, 17, 18, 19, 20, 22, 26, 27, 28, 29, 42, 43, 44
	IM5

	CA_3-7
	E-UTRA Band 22, 42
	2nd Harmonics

	
	-
	3rd Harmonics

	
	E-UTRA Band 12, 13, 14, 17, 20, 26, 27, 28, 29, 44
	IM2

	
	E-UTRA Band 5, 8, 18, 19, 26, 27, 42
	IM3

	
	-
	IM5

	CA_4-7
	E-UTRA Band 42
	2nd Harmonics

	
	-
	3rd Harmonics

	
	E-UTRA Band 12, 13, 14, 17, 20, 26, 27, 28, 44
	IM2

	
	E-UTRA Band 5, 6, 8, 18, 19, 26, 27, 42
	IM3

	
	-
	IM5

	CA_5-12
	-
	2nd Harmonics

	
	E-UTRA Band 1, 4, 10, 41
	3rd Harmonics

	
	E-UTRA Band 24
	IM2

	
	E-UTRA Band 8, 30, 40
	IM3

	
	E-UTRA Band 2, 7, 25, 31, 34, 36, 38, 41, 43
	IM5

	CA_5-17
	-
	2nd Harmonics

	
	E-UTRA Band 1, 4, 10, 41
	3rd Harmonics

	
	E-UTRA Band 24
	IM2

	
	E-UTRA Band 8, 30, 40
	IM3

	
	E-UTRA Band 2, 7, 25, 31, 34, 36, 38, 41, 43
	IM5


Table 5.2.8.4-4: Affected operating bands due to harmonic and IMD products for CA class A4
	E-UTRA CA band
	Affected operating bands
	Note

	CA_3-5
	E-UTRA Band 22, 42
	2nd Harmonics

	
	E-UTRA Band 41
	3rd Harmonics

	
	E-UTRA Band 5, 6, 7, 8, 18, 19, 26, 27, 38, 41
	IM2

	
	E-UTRA Band 7, 38, 41, 42
	IM3

	
	E-UTRA Band 5, 6, 8, 18, 19, 22, 24, 26, 42, 43
	IM5

	CA_7-20
	-
	2nd Harmonics

	
	E-UTRA Band 38, 41
	3rd Harmonics

	
	E-UTRA Band 42
	IM2

	
	E-UTRA Band 5, 18, 19, 20, 26, 27, 28, 44
	IM3

	
	E-UTRA Band 5, 7, 8, 14, 18, 19, 20, 26, 27, 28, 38, 41, 44
	IM5

	CA_3-26
	E-UTRA Band 22, 42
	2nd Harmonics

	
	E-UTRA Band 41
	3rd Harmonics

	
	E-UTRA Band 5, 6, 7, 8, 18, 19, 26, 27, 38, 41
	IM2

	
	E-UTRA Band 7, 38, 41, 42
	IM3

	
	E-UTRA Band 5, 6, 8, 11, 18, 19, 21, 22, 24, 26, 42, 43
	IM5

	CA_3-19
	E-UTRA Band 22, 42
	2nd Harmonics

	
	E-UTRA Band 41
	3rd Harmonics

	
	E-UTRA Band 5, 6, 7, 8, 18, 19, 26, 27, 38, 41
	IM2

	
	E-UTRA Band 7, 38, 41, 42
	IM3

	
	E-UTRA Band 5, 8, 19, 22, 24, 26, 41, 42, 43
	IM5

	CA_2-4
	E-UTRA Band 42, 43
	2nd Harmonics

	
	-
	3rd Harmonics

	
	E-UTRA Band 22, 42, 43
	IM2

	
	E-UTRA Band 2, 21, 24, 25, 34, 36
	IM3

	
	E-UTRA Band 1, 4, 10, 11, 21, 23, 24, 40
	IM5

	CA_5-7
	-
	2nd Harmonics

	
	E-UTRA Band 41
	3rd Harmonics

	
	E-UTRA Band 42
	IM2

	
	E-UTRA Band 5, 18, 19, 20, 26, 27, 28, 44
	IM3

	
	E-UTRA Band 5, 7, 12, 13, 14, 17, 18, 19, 20, 26, 27, 28, 29, 38, 41, 44
	IM5

	CA_1-3
	E-UTRA Band 22, 42
	2nd Harmonics

	
	-
	3rd Harmonics

	
	E-UTRA Band 43
	IM2

	
	E-UTRA Band 1, 4, 10, 11, 21, 23, 24
	IM3

	
	E-UTRA Band 11, 21, 23, 30, 40, 41
	IM5


Table 5.2.8.4-5: Affected operating bands due to harmonic and IMD products for CA class A5
	E-UTRA CA band
	Affected operating bands
	Note

	CA_1-21
	-
	2nd Harmonics

	
	-
	3rd Harmonics

	
	E-UTRA Band 31, 42
	IM2

	
	E-UTRA Band 8, 40, 41
	IM3

	
	E-UTRA Band 31
	IM5

	CA_19-21
	-
	2nd Harmonics

	
	E-UTRA Band 41
	3rd Harmonics

	
	E-UTRA Band 40
	IM2

	
	E-UTRA Band 43
	IM3

	
	E-UTRA Band 2, 3, 7, 9, 25, 33, 35, 36, 37, 39, 41
	IM5

	CA_1-8
	E-UTRA Band 3
	2nd Harmonics

	
	E-UTRA Band 7, 41
	3rd Harmonics

	
	-
	IM2

	
	E-UTRA Band 43
	IM3

	
	E-UTRA Band 3,4,7,10,12,13,14,17,20,23,24,28, 29,34 ,41, 43 and 44
	IM5


Table 5.2.8.4-5: Affected operating bands due to harmonic and IMD products for CA class A5
	E-UTRA CA band
	Affected operating bands
	Note

	CA_1-21
	-
	2nd Harmonics

	
	-
	3rd Harmonics

	
	E-UTRA Band 31, 42
	IM2

	
	E-UTRA Band 8, 40, 41
	IM3

	
	E-UTRA Band 31
	IM5

	CA_19-21
	-
	2nd Harmonics

	
	E-UTRA Band 41
	3rd Harmonics

	
	E-UTRA Band 40
	IM2

	
	E-UTRA Band 43
	IM3

	
	E-UTRA Band 2, 3, 7, 9, 25, 33, 35, 36, 37, 39, 41
	IM5


5.2.9 Dual uplink Intermodulation and harmonics analysis for UE self-downlink performance   

When two transmitters are transmitting simultaneously, two uplinks would generate intermodulation products and harmonics at multiple places at front-end of the transceiver. When harmonics and intermodulation products fall into UE self DL spectrum, they may desensitize receiver performance significantly for existing H/H, L/L and H/L band combinations. Initially, only 2nd and 3rd orders of harmonics and IMDs have been considered for UE self-desensitization. However, further studies have shown that 4th and 5th orders of IMDs may also cause relevant self-desensitization. The meanwhile, 3rd order harmonics is the highest order that needs to be considered for FDD 2UL inter-band CA, due to FDD band spectrum allocation. Therefore, a table is established to examine 2UL inter-band CA harmonics up to 3rd order and IMDs up to 5th order, as presented in Table 5.2.9-1. One thing worth mentioning is that this table is intended to examine on LTE band level. Once a CA combination is identified as the one with harmonics and/or IMDs in the DL band(s), further investigation is required for identifying if this specific CA combination would be impacted by self-desensitization based on its spectrum allocation/deployment. Further identification, such as MSD, needs to be investigated, based on individual CA case.

Table 5.2.9-1: Band x and Band y UL higher order harmonics and IMD products

	UE UL carriers
	fx_low
	fx_high
	fy_low
	fy_high

	UL frequency (MHz)
	 
	 
	 
	 

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

	2nd harmonics frequency limits (MHz) 
	–
	–

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

	3rd harmonics frequency limits (MHz)
	–
	–

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

	IMD frequency limits (MHz)
	–

	Two-tone 3rd order IMD products
	|2*fx_low – 1*fy_high|
	|2*fx_high – 1*fy_low|
	|2*fy_low – 1*fx_high|
	|2*fy_high – 1*fx_low|

	IMD frequency limits (MHz)
	–
	–

	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)
	–
	–

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

	IMD frequency limits (MHz)
	–

	Two-tone 5th order IMD products
	|4*fx_low – 1*fy_high|
	|4*fx_high – 1*fy_low|
	|4*fy_low – 1*fx_high|
	|4*fy_high – 1*fx_low|

	IMD frequency limits (MHz)
	–
	–

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

	IMD frequency limits (MHz)
	–
	–


It is realized that IMD products with the sum of frequency components would not cause self-desensitization, such as 2xfx + 1xfy or 3xfx +1xfy for Band x and Band y. Therefore only IMD products with the difference of frequency components are listed in Table 5.2.9-1, such as I 2xfx - 1xfy I and I 3xfx - 1xfy I. 

A thorough examination is conducted by applying Table 5.2.9-1 to existing 2UL inter-band CA combinations. Table 5.2.9-2 lists the information of CA combinations where harmonics and IMDs can fall into its own downlink band(s). The information listed in Table 5.2.9-2 is based on general band-to-band analysis. When IMD issue is not identified with specific FDD spectrum deployment, this table could be updated with further study.

Table 5.2.9-2: IMDs and harmonics in downlink bands
	Class
	Band Combination
	Harmonics in DL band
	IMDs in DL band(s) 

	
	
	H2
	H3
	IMD2
	IMD3
	IMD4
	IMD5

	Dual-uplink Inter-band CA
	A1
	B1+B5
	 
	 
	 
	 
	Yes
	 

	
	
	B1+B19
	 
	 
	 
	 
	Yes
	 

	
	
	B3+B20
	 
	 
	 
	 
	Yes
	 

	
	
	B7 +B28
	 
	 
	 
	 
	 
	 

	
	
	B2+B13
	 
	 
	 
	 
	 
	 

	
	
	B4+B13
	 
	 
	 
	 
	 
	 

	
	A2
	B3+B8
	Yes
	 
	
	
	Yes 
	Yes

	
	
	B4+B12
	 
	Yes
	 
	 
	Yes
	 

	
	
	B4+B17
	 
	Yes
	 
	 
	 
	 

	
	A3
	B1+B7
	 
	 
	 
	 
	 
	 

	
	
	B3+B7
	 
	 
	 
	 
	Yes
	 

	
	
	B4+B7
	 
	 
	 
	 
	Yes
	 

	
	
	B5+B12
	 
	 
	 
	 
	 
	 

	
	
	B5+B17
	 
	 
	 
	 
	 
	 

	
	A4
	B3+B5
	 
	 
	Yes
	 
	Yes
	Yes

	
	
	B2+B4
	 
	 
	 
	Yes
	 
	Yes

	
	
	B7+B20
	 
	 
	 
	Yes
	 
	Yes

	
	
	B3+B26
	 
	 
	Yes
	 
	Yes
	Yes

	
	
	B5+B7
	 
	 
	 
	Yes
	 
	Yes

	
	
	B3+B19
	 
	 
	Yes
	 
	Yes
	Yes

	
	
	B1+B8
	
	
	
	
	Yes
	

	
	A5
	B1+B21
	 
	 
	 
	 
	 
	 

	
	
	B19+B21
	 
	 
	 
	 
	 
	 


<end of text>
<unchanged section omitted>
<start of the text>
9.10
LTE-Advanced Carrier Aggregation of Band 1 and Band 8
Table 9.10-1: E-UTRA interband CA band for CA_1-8
	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_1-8
	1
	1920 MHz
	–
	1980 MHz
	2110 MHz
	–
	2170 MHz
	FDD

	
	8
	880 MHz
	–
	915 MHz
	925 MHz
	–
	960 MHz
	


9.10.1

List of specific combination issues

9.10.1.1
Channel bandwidths per operating band for CA

Table 9.10.1.1-1: Supported E-UTRA bandwidths per CA configuration for CA_1-8
	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_1A-8A
	1
	
	
	Yes
	Yes
	Yes
	Yes
	30
	0

	
	8
	
	
	Yes
	Yes
	
	
	
	

	
	1
	
	
	Yes
	Yes
	
	
	20
	1

	
	8
	
	
	Yes
	Yes
	
	
	
	


9.10.1.2
Co-existence studies for CA_1A-8A with 2ULs
Harmonic and intermodulation frequency ranges up to 5rd order are presented in Table 9.10.1.2-1.

Table 9.10.1.2-1: CA_1A-8A UL harmonics and IMD products 
	UE UL carriers
	fx_low
	fx_high
	fy_low
	fy_high

	UL frequency (MHz)
	880
	915
	1920
	1980

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

	2nd harmonics frequency limits (MHz) 
	1760 - 1830
	3840 – 3960

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

	3rd harmonics frequency limits (MHz)
	2640 - 2745
	5760 - 5940

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

	IMD frequency limits (MHz)
	1005 - 1100
	2800 - 2895

	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)
	90 - 220
	2925 - 3080

	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)
	3680 - 3810
	4720 - 4875

	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)
	660 - 825
	4845 - 5060

	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)
	4560 - 4725
	6640 - 6855

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

	IMD frequency limits (MHz)
	2010 - 2200
	2010 - 2200

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

	IMD frequency limits (MHz)
	5600 - 5790
	5600 - 5790

	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)
	6765 - 7040 
	1540 - 1740

	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)
	8560 - 8835
	5440 - 5640

	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)
	3930 - 4180
	1095 - 1320

	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)
	7520 - 7770
	6480 - 6705


Based on Table 9.10.1.2-1, IMD4 may fall into own RX of band 1. 
2nd harmonic of B8 may fall on Rx of B3 and third harmonic on bands 7 and 41. IMD3 may fall on band 43. Other affected bands of up to 5th order IMD and 3rd order harmonics are 3,4,7,10,12,13,14,17,20,23,24,28, 29,34 ,41, 43 and 44.
In addition to E-UTRA bands also co-existence with GNSS and ISM frequencies was studied. GNSS and ISM frequencies which were included in the study are captured in Table 9.10.1.2-2.

Table 9.10.1.2-2: B1+B8 general IMD/Harmonics analysis to protect ISM bands and GNSS
	Victim Systems
	Frequency range [MHz]
	Impact
	Regions
	Comments

	COMPASS
(Beidou)
	1559
	-
	1591
	Yes
	
	IMD5

	Galileo
	1559
	-
	1591
	Yes
	
	IMD5

	GLONASS
	1591
	-
	1610
	Yes
	
	IMD5

	GPS
	1563
	-
	1587
	Yes
	
	IMD5

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

	
	2400
	-
	2494
	No
	Asia
	

	ISM band
 (5GHz)
	5150
	-
	5925
	Yes
	US
	H3, IMD4, IMD5

	
	5150
	-
	5350
	Yes
	Europe
	

	
	5470
	-
	5725
	Yes
	
	IMD4, IMD5

	
	5150
	-
	5825
	Yes
	Asia
	H3, IMD4, IMD5


<end of text>
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