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1. Introduction

The 2UL inter-band CA combination of Band 3 + Band 8 has been classified as A2 since there is a 2nd order harmonic from the uplink of Band 8 to the downlink of Band 3.  However, it has also been found that there is the possibility that 4th and 5th order IMD products when both uplinks are active simultaneously may impinge on the downlink.  Thus, we propose that this combination for 2UL be reclassified from A2 to A2 and A4.  An example is also provided which shows that for any operator-specific holding within these bands, the IM self-interference may not be present.
2. Discussion

Band 3 + Band 8 is currently classified as a class A2 band combination.  Indeed, for 1UL/2DL, it was recognized that the second harmonic of the uplink from Band 8 overlaps with the downlink from Band 3 for a limited set of channels.  A harmonic and intermodulation analysis was conducted [1] to include intermodulation products up to 3rd order.  No self-interference was identified.  However, it has been agreed [2] that IM5 should also be considered for 2UL inter-band CA.  It was also proposed that IM4 should be considered; however, the severity of IM4 is still under investigation and has not yet been agreed.  We consider both IM4 and IM5 below.  The IM4 and IM5 frequency ranges are shown below with highlighting on the ranges which overlap the downlink band.

Table 1: Band 3 and Band 8 UL harmonics and IMD products

	UE UL carriers
	fx_low
	fx_high
	fy_low
	fy_high

	UL frequency (MHz)
	1710
	1785
	880
	915

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

	2nd harmonics frequency limits (MHz) 
	3420 to 3570
	1760 to 1830

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

	3rd harmonics frequency limits (MHz)
	5130 to 5355
	2640 to 2745

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

	IMD frequency limits (MHz)
	795 to 905
	2590 to 2700

	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)
	2505 to 2690
	25 to 120

	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)
	4300 to 4485
	3470 to 3615

	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)
	855 to 1035
	4215 to 4475

	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)
	4350 to 4530
	6010 to 6270

	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)
	1590 to 1810
	1590 to 1810

	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)
	5180 to 6315
	5180 to 5400

	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)
	1735 to 1950
	5925 to 6260

	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)
	5230 to 5445
	7720 to 8055

	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)
	675 to 930
	3300 to 3595

	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)
	6060 to 6315
	6890 to 7185


It can be seen that when IM4 and IM5 products are considered, there is potential for overlap with the receive band of both Band 3 and Band 8.  Therefore, this combination has attributes of both class A2 (harmonics) and A4 (intermods).  However, it was found that the impact of 2nd harmonic interference is limited [3] and in fact, the specifications for this band combination in 1UL/2DL configuration do not provide any relaxation for the insertion loss needed if the harmonic were to be filtered and do not have a reference sensitivity requirement in the case that there is overlap due to the rarity of occurrence.  We propose in defining this CA configuration to include both aspects of harmonic interference (A2) and intermodulation inteference (A4).  It is expected that the harmonic interference aspects will be treated as they were for 1UL; that is, the reference sensitivity specifications will only be defined for frequencies where there is no harmonic overlap.  The intermodulation interference aspects will be treated with MSD as agreed for A4 combinations.    

2.1. Impacted frequency ranges

Upon closer inspection, it is observed that not all of the channels within Band 3 and Band 8 generate IM4 or IM5 self-interference.  The analysis above is general, based only on the band definition.  In many cases, while the 2UL channel pairing is indeed within Band 3 and Band 8, the IM5 product does not fall on the downlink.

1. The downlink frequency allocation owned by the operator is within the band, but is outside if the range where IM products land,

2. The uplink frequency allocation owned by the operator is within the band, but is outside of the range where IM products generated land within the receive band,

3. The IM products might land within the downlink band or even within the frequency allocation owned by the operator, but the IM products do not land in receive channels when taking into account the Tx-Rx spacing of the band and the symmetric uplink and downlink channel bandwidth,
4. The IM products might land within the downlink band, downlink frequency allocation, and downlink channel, but only for specific uplink channel pairings.  Since IM products depend on the location of both uplink channels, the operator may not have the specific pairing in both bands to cause a problem.

Thus, while the general approach based on band definition to determine IM frequency range identifies potential impact, whether there is actual impact depends on a number of other parameters and can be avoided in many cases.  For the purpose of classifying band combinations and defining specifications for standardization, we believe that the general approach is most suitable since the specifications are not defined for any particular operator holdings and deployment.  However, it is noted that operator-specific holdings and deployments may not suffer from IM self-interference, even if the CA configuration it falls under is classified as A4.

2.1.1. Example

Consider an operator who owns spectrum in Band 3 and Band 8 and desires to deploy 2UL/2DL CA.  The operator spectrum allocation in this example is 1735 - 1755 / 1830 - 1850 MHz in Band 3 and 905 - 915 / 950 - 960 MHz in Band 8.  The harmonic and intermod analysis for this example is shown below
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It can be seen that there is no IM4 interference and no IM5 interference to Band 8 since the operator allocation in the downlink is outside of the range where IM products land (the 960 MHz edge of Band 8 downlink is on the border if it is found that IM4 is problematic).  For Band 3 downlink, the intermodulation products formed when considering the uplink allocation of the operator in this example do land in-band in the range 1865 - 1880 MHz.  However, because of the Tx-Rx separation in Band 3, the receive channel in the downlink of Band 8 is 1830 - 1850 MHz.  Therefore, the IM5 interference does not land in the receive channel.

It is therefore shown that although the 2UL CA_3-8 combination is classified as A4 due to the potential for IM4 and IM5 self-interference, in this particular example, the interference is not present.  It is therefore expected that in this example, the receive performance will not be subjected to the maximum sensitivity degradation due to IM interference.
3. Conclusion
In this contribution, we propose to reclassify the 2UL CA_3-8 combination from A2 to A2 and A4 due to IM4 and IM5 self-interference in addition to 2nd order harmonic interference.  We also observe that while the combination in general may suffer from IM5 self-interference, the interference may not actually be present for any given operator spectrum holding and deployment.  An example is provided for this band combination where interference is not present.  Nonetheless, for generality in the specifications, we prefer to specify the CA configuration as A4 without regard to particular operator spectrum holdings. Specific operator holdings and examples can, of course, be documented in the technical report TR 36.860.
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Class A4. Low-low, low-high or high-high band combination with intermodulation problem (low order IM) 

9.1
Specific issue for dual uplink inter-band CA class A4
When UE with interband CA capability transmits on both uplink bands simultaneously, intermodulation components and harmonics of the wanted signal are generated. In some cases these unwanted components may interfere own reception on either of own E-UTRA downlinks, ISM and/or GNSS frequencies. Also interband CA band combinations currently specified in releases 10-11 for single uplink operation were analysed, even if simultaneous transmission of both uplinks have not been planned on those yet.

The ranges of intermodulation components were calculated for intermodulation components up to fifth order and conflicts with own downlinks, ISM and GNSS frequencies were reported. The frequency bands reserved for ISM and GNSS operation are presented in table 5.2.1-2.

In this analysis the protection of the entire GNSS bands is considered. However, in reality the actual wanted signals are narrower than that. Therefore if it is decided that GNSS bands need to be protected, practical signal bandwidths and center frequencies should be used instead covering the entire bands.

It should always be noted that the regions where each band is deployed has not been taken into account in this analysis.

Table 9.1-1: Results of the IMD study showing the components falling on own Rx, ISM and GNSS frequencies. Band configurations belonging to interband class A4 are bolded.

	
	Own Rx
	Beidou
	Galileo
	GLONASS
	GPS
	ISM 2.4GHz
	ISM 5 GHz

	CA_1A-5A
	
	
	
	
	
	3rd harm.
	3rd harm., IMD5

	CA_1A-7A
	
	
	
	
	
	
	3rd harm., IMD5

	CA_1A_8A
	
	IMD5
	IMD5
	IMD5
	IMD5
	
	3rd harm., IMD5

	CA_1A-11A
	
	
	
	
	
	IMD3
	3rd harm., IMD3

	CA_1A-18A
	
	
	
	
	
	3rd harm.
	3rd harm., IMD5

	CA_1A-19A
	
	
	
	
	
	
	3rd harm., IMD5

	CA_1A-21A
	
	
	
	
	
	IMD3
	3rd harm., IMD3

	CA_1A-26A
	
	
	
	
	
	3rd harm.
	3rd harm., IMD5

	CA_2A-4A
	IMD3, IMD5
	IMD3, IMD5
	IMD3, IMD5
	IMD3
	IMD3, IMD5
	
	3rd harm., IMD3, IMD5

	CA_2A-5A
	
	
	
	
	
	3rd harm.
	3rd harm., IMD5

	CA_2A-12A
	
	IMD5
	IMD5
	IMD5
	IMD5
	
	3rd harm., IMD5

	CA_2A-13A
	
	2nd harm.
	2nd harm.
	
	2nd harm.
	
	3rd harm.

	CA_2A-17A
	
	IMD5
	IMD5
	IMD5
	IMD5
	
	3rd harm., IMD5

	CA_3A-5A
	IMD2, IMD5
	IMD5
	IMD5
	IMD5
	IMD5
	3rd harm.
	3rd harm., IMD5

	CA_3A-7A
	
	
	
	
	
	
	3rd harm., IMD3

	CA_3A-8A
	IMD5, 2nd harm.
	
	
	
	
	
	3rd harm., IMD5

	CA_3A-19A
	IMD2, IMD5
	IMD5
	IMD5
	IMD5
	IMD5
	
	3rd harm., IMD5

	CA_3A-20A
	
	IMD5
	IMD5
	IMD5
	IMD5
	
	3rd harm., IMD5

	CA_3A-26A
	IMD2, IMD5
	IMD5
	IMD5
	IMD5
	IMD5
	3rd harm.
	3rd harm., IMD5

	CA_3A-28A
	
	
	
	
	
	IMD2
	3rd harm., IMD5

	CA_4A-5A
	IMD2, IMD5
	IMD5
	IMD5
	IMD5
	IMD5
	3rd harm.
	3rd harm., IMD5

	CA_4A-7A
	
	
	
	
	
	
	3rd harm., IMD3

	CA_4A-12A
	3rd harm.
	
	
	
	
	IMD2
	3rd harm., IMD5

	CA_4A-13A
	
	2nd harm.
	2nd harm.
	
	2nd harm.
	
	3rd harm., IMD5

	CA_4A-17A
	3rd harm.
	
	
	
	
	IMD2
	3rd harm., IMD5

	CA_5A-7A
	IMD3, IMD5
	
	
	
	
	3rd harm., IMD5
	IMD3, IMD5

	CA_5A-12A
	
	IMD2
	IMD2
	
	IMD2
	3rd harm., IMD3
	

	CA_5A-17A
	
	IMD2
	IMD2
	
	IMD2
	3rd harm., IMD3
	

	CA_5A-25A
	
	
	
	
	
	3rd harm.
	3rd harm., IMD5

	CA_7A-20A
	IMD3, IMD5
	
	
	
	
	IMD5
	IMD3, IMD5

	CA_7A-28A
	
	
	
	
	
	
	IMD3, IMD5

	CA_8A-11A
	
	
	
	
	
	IMD5
	IMD5

	CA_8A-20A
	IMD3, IMD5
	
	
	
	
	IMD5
	

	CA_8A-26A
	IMD3, IMD5
	
	
	
	
	3rd harm., IMD5
	

	CA_11A-18A
	
	
	
	
	
	3rd harm.
	IMD5

	CA_12A-25A
	
	IMD5
	IMD5
	IMD5
	IMD5
	
	3rd harm., IMD5

	CA_19A-21A
	
	
	
	
	
	
	IMD5

	CA_39A-41A
	
	
	
	
	
	
	2nd harm., 

3rd harm., IMD5


<<< Unchanged sections omitted >>>

9.8
LTE-Advanced Carrier Aggregation of Band 3 and Band 8
Table 9.8-1: Inter-band CA operating bands

	E-UTRA CA Band
	E-UTRA Band
	Uplink (UL) band
	Downlink (DL) band
	Duplex

mode

	
	
	BS receive / UE transmit
	Channel BW (MHz)
	BS transmit / UE receive
	Channel BW (MHz)
	

	
	
	FUL_low   –  FUL_high
	
	FDL_low   –  FDL_high
	
	

	CA_3-8
	3
	1710 MHz
	–
	1785 MHz
	10, 15, 20 
	1805 MHz
	–
	1880 MHz
	10, 15, 20
	FDD

	
	8
	880 MHz
	–
	915 MHz
	5, 10
	925 MHz
	–
	960 MHz
	5, 10
	FDD


9.8.1

List of specific combination issues

9.8.1.1
Channel bandwidths per operating band for CA

Table 9.8.1.1-1: Supported E-UTRA bandwidths per CA configuration for inter-band CA 

	CA operating / channel bandwidth

	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 Sets

	CA_3A-8A
	3
	
	
	
	Yes
	Yes
	Yes
	30
	0

	
	8
	
	
	Yes
	Yes
	
	
	
	

	
	3
	
	
	
	Yes
	
	
	20
	1

	
	8
	
	
	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 [22] when operating in single carrier mode.

9.8.1.2
Co-existence studies for CA_3A-8A with 2ULs
A harmonics and IMD coexistence analysis table for inter-band CA with 2UL of Band 3 and Band 8 is given in table 9.8.1.1-2. For UE-UE coexistence, it is sufficient to consider only up to 3rd order intermodulation.
The IM4 and IM5 frequency ranges are shown below with highlighting on the ranges which overlap the downlink band.
Table 9.8.1.1-2: Band 3 and Band 8 UL harmonics and IMD products
	UE UL carriers
	fx_low
	fx_high
	fy_low
	fy_high

	UL frequency (MHz)
	1710
	1785
	880
	915

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

	2nd harmonics frequency limits (MHz) 
	3420 to 3570
	1760 to 1830

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

	3rd harmonics frequency limits (MHz)
	5130 to 5355
	2640 to 2745

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

	IMD frequency limits (MHz)
	795 to 905
	2590 to 2700

	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)
	2505 to 2690
	25 to 120

	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)
	4300 to 4485
	3470 to 3615

	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)
	855 to 1035
	4215 to 4475

	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)
	4350 to 4530
	6010 to 6270

	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)
	1590 to 1810
	1590 to 1810

	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)
	5180 to 6315
	5180 to 5400

	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)
	1735 to 1950
	5925 to 6260

	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)
	5230 to 5445
	7720 to 8055

	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)
	675 to 930
	3300 to 3595

	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)
	6060 to 6315
	6890 to 7185


It can be seen that when IM4 and IM5 products are considered, there is potential for overlap with the receive band of both Band 3 and Band 8.  Therefore, this combination has attributes of both class A2 (harmonics) and A4 (intermods).  However, it was found that the impact of 2nd harmonic interference is limited and in fact, the specifications for this band combination in 1UL/2DL configuration do not provide any relaxation for the insertion loss needed if the harmonic were to be filtered and do not have a reference sensitivity requirement in the case that there is overlap due to the rarity of occurrence.  We propose in defining this CA configuration to include both aspects of harmonic interference (A2) and intermodulation inteference (A4).  It is expected that the harmonic interference aspects will be treated as they were for 1UL; that is, the reference sensitivity specifications will only be defined for frequencies where there is no harmonic overlap.  The intermodulation interference aspects will be treated with MSD as agreed for A4 combinations.
9.8.1.2.1
Impacted frequency ranges
Upon closer inspection, it is observed that not all of the channels within Band 3 and Band 8 generate IM4 and IM5 self-interference.  The analysis above is general, based only on the band definition.  In many cases, while the 2UL channel pairing is indeed within Band 3 and Band 8, the IM5 product does not fall on the downlink.

1. The downlink frequency allocation owned by the operator is within the band, but is outside if the range where IM products land,

2. The uplink frequency allocation owned by the operator is within the band, but is outside of the range where IM products generated land within the receive band,

3. The IM products might land within the downlink band or even within the frequency allocation owned by the operator, but the IM products do not land in receive channels when taking into account the Tx-Rx spacing of the band and the symmetric uplink and downlink channel bandwidth,

4. The IM products might land within the downlink band, downlink frequency allocation, and downlink channel, but only for specific uplink channel pairings.  Since IM products depend on the location of both uplink channels, the operator may not have the specific pairing in both bands to cause a problem.

Thus, while the general approach based on band definition to determine IM frequency range identifies potential impact, whether there is actual impact depends on a number of other parameters and can be avoided in many cases.  For the purpose of classifying band combinations and defining specifications for standardization, we believe that the general approach is most suitable since the specifications are not defined for any particular operator holdings and deployment.  However, it is noted that operator-specific holdings and deployments may not suffer from IM self-interference, even if the CA configuration it falls under is classified as A4.

9.8.1.2.1
Example
Consider an operator who owns spectrum in Band 3 and Band 8 and desires to deploy 2UL/2DL CA.  The operator spectrum allocation in this example is 1735 - 1755 / 1830 - 1850 MHz in Band 3 and 905 - 915 / 950 - 960 MHz in Band 8.  The harmonic and intermod analysis for this example is shown below
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It can be seen that there is no IM4 interference and no IM5 interference to Band 8 since the operator allocation in the downlink is outside of the range where IM products land (the 960 MHz edge of Band 8 downlink is on the border if it is found that IM4 is problematic).  For Band 3 downlink, the intermodulation products formed when considering the uplink allocation of the operator in this example do land in-band in the range 1865 - 1880 MHz.  However, because of the Tx-Rx separation in Band 3, the receive channel in the downlink of Band 8 is 1830 - 1850 MHz.  Therefore, the IM5 interference does not land in the receive channel.

It is therefore shown that although the 2UL CA_3-8 combination is classified as A4 due to the potential for IM4 and IM5 self-interference, in this particular example, the interference is not present.  It is therefore expected that in this example, the receive performance will not be subjected to the maximum sensitivity degradation due to IM interference.
<<< End of TP >>>
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