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1 Introduction
In the RAN#65 in Edinburg, a new WI for 2DL/1UL inter-band carrier aggregation for operating bands 2and 28 was approved [1]. This contribution, discusses the DL coexistence issues with this CA band combination. Text proposals on carrier bandwidths as well as DL harmonics and IMD considerations are also introduced.
2 Discussion
In Table 1 below, the DL frequencies and their harmonics are listed for operating bands 2 and 28. It can be seen that the harmonics of band 28 carriers cannot interfere with the UL of band 2. 
Table 1: Band 2 and Band 28 DL harmonics 

	BS DL carriers
	f1_low
	f1_high
	f2_low
	f2_high

	DL frequency (MHz)
	758
	803
	1930
	1990

	2nd harmonics frequency limits (MHz) 
	1516
	1606
	3860
	3980

	3rd harmonics frequency limits (MHz)
	2274
	2409
	5790
	5970

	UL frequencies (MHz)
	703
	748
	1850
	1910


The intermodulation products of order two and three are listed in table 2. It can be noted that the Midlow 3rd order IMD frequency range covers the entire UL band of band 28 and that the Midhigh 3rd order IMD partially overlaps band 2 UL band.

Table 2: Band 2 and Band 28 DL 2nd and 3rd order IMD bands 
	BS DL carriers
	f_low
	f_high
	Formula f_low
	Formula f_high

	Low 2nd order IMD limits  (MHz)
	1127
	1232
	(f2_low – f1_high)
	(f2_high – f1_low)

	High 2nd order IMD limits (MHz) 
	2688
	2793
	(f2_low + f1_low)
	(f2_high + f1_high)

	Low 3rd order IMD limits (MHz)
	       324 (Note 1)
	       474 (Note 1)
	(f2_low – 2*f1_high)
	(f2_high – 2*f1_low)

	Midlow 3rd order IMD limits (MHz)
	698
	863
	(f1_low – f2_high + f2_low)
	(f1_high + f2_high – f2_low)

	Midhigh 3rd order IMD limits (MHz)
	1885
	2035
	(f2_low – f1_high + f1_low)
	(f2_high + f1_high – f1_low)

	High 3rd order IMD limits (MHz)
	3057
	3222
	(2*f2_low – f1_high)
	(2*f2_high – f1_low)

	Higher 3rd order IMD limits (MHz)
	3446
	3596
	(2*f1_low + f2_low)
	(2*f1_high + f2_high)

	Highest 3rd order IMD limits (MHz)
	4618
	4783
	(2*f2_low + f1_low)
	(2*f2_high + f1_high)

	Max 1 carrier operating band f1 frequency limit overshoot (MHz)
	738
	823
	(f1_low – max carrier BW in f2 band)
	(f1_high + max carrier BW in f2 band)

	Max 1 carrier operating band f2 frequency limit overshoot (MHz)
	1910
	2010
	(f2_low – max carrier BW in f1 band)
	(f2_high + max carrier BW in f1 band)

	Note 1: The general formulas result in negative frequencies here, which make f_low and f_high shift positions for the corresponding positive frequency limits.

Note 2: f1 refers to the DL frequency range limits of band 28, and f2 refers to the DL frequency range limits of band 2.


However, this is the potential IMD production if all carriers in the two bands are active. In this, case also the intra band 3rd order IMD poses similar problems. Thus it can be concluded that inter-band intermodulation poses similar problems as intra-band intermodulation for the two individual operating bands 2 and 28. Therefore, it cannot be concluded that carrier aggregation increases the IMD issues. Figures 1 and 2 shows the operating bands 28 and 2 respectively with their respective intraband intermodulation and the close in intermodulation from the combination 3rd order IMD.
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Figure 1, Operating band 28 depicting intra-band intermodulation and inter-band intermodulation from combination with band 2. The figure depicts only frequency limits. Amplitudes are arbitrary.
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Figure 2, Operating band 2 depicting intra-band intermodulation and inter-band intermodulation from combination with band 28. . The figure depicts only frequency limits. Amplitudes are arbitrary.
In order to evaluate whether 2DL/1DL carrier aggregation involving operating bands 2and 28 creates IMD issues, the impact of the two individual carriers in each band is further studied below.
From the WID [1] of the WI, LTE_CA_B2_B28, Table 3 below shows the carrier bandwidths to be introduced for CA in the WI for each operating band.
Table 3: Supported E-UTRA bandwidths per CA configuration for inter-band CA
	E-UTRA CA configuration / Bandwidth combination set

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

[MHz]
	Bandwidth combination set

	CA_2A-28A
	2
	
	
	Yes
	Yes
	Yes
	Yes
	40
	0

	
	28
	
	
	Yes
	Yes
	Yes
	Yes
	
	


Let “a” represent the carrier bandwidth in band 28, and let “b” represent the carrier bandwidth in band 2.

Let “c” represent the lower carrier edge frequency difference from the lower band edge of band 28.

Let “d” represent the upper carrier edge frequency difference from the upper band edge of band 2.
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Figure 3, schematic frequency axis depicting band 28 UL and DL operating bands, close inter-band IM3 frequency limits and inter carrier IM3 frequency limits for CA_B2_B28.
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Figure 4, schematic frequency axis depicting band 2 UL and DL operating bands, close inter-band IM3 frequency limits and inter carrier IM3 frequency limits for CA_B2_B28.
The lower carrier edge of the B28 carrier can now be described as: 

f1_low + c
The higher carrier edge of the B28 carrier can now be described as: 
f1_low + c + a

The lower carrier edge of the B2 carrier can now be described as: 

f2_high - d - b

The higher carrier edge of the B2 carrier can now be described as: 

f2_high – d
The frequency limits of the carrier aggregation related inter-carrier intermodulation can then be described as:
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(f1_low + c) + (f2_high - d – b) – (f2_high – d)  =  f1_low + c – b
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(f1_low + c + a) + (f2_high - d) – (f2_high – d - b)  =  f1_low + c + a + b
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(f1_low + c) + (f2_high – d - b) – (f1_low + c + a)  =  f2_high - d - a - b
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(f1_low + c + a) + (f2_high – d) – (f1_low + c)  =  f2_high - d + a 
The inter-carrier intermodulation can reach into the band 28 UL band only if the upper edge frequency of this band is higher than the lower frequency edge of the IMD. I.e. (using [image: image9.png]


) if 748 > f1_low + c – b = 758 + c – b (MHz) there will be an overlap.
So if c – b > 10, the inter-carrier intermodulation cannot reach the band 28 UL band. The maximum bandwidth of the band 2 carrier is 20 according to table 3. Hence this concern applies to spectrum below 30 MHz from the lower edge of operating band 28.
Interference with the own UL carrier can occur if the upper edge of the UL carrier represents a higher frequency than the the lower frequency limit of the inter-carrier intermodulation. I.e. (using [image: image10.png]


) if 703 + c + a > f1_low + c – b = 758 + c – b (MHz) there will be an overlap. I.e.  a + b > 55. Since the maximum carrier bandwidth is 20 (MHz) in table 3, this cannot occur for carrier aggregation using one carrier in each band. (It can be noted that that 3DL carrier agregation using these bands may be affected.)
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 representing the upper frequency limits of the inter carrier intermodulation do not interfere with the UL spectrum of the involved bands. It can be noted that the upper maximum limit of the IM3 is the upper DL band edge plus the maximum carrier bandwidth of the carrier in the other band. This applies also to the lower operating band edges and inter-carrier IMD. Table 2 shows these edge frequencies in it two lowest rows.
The inter-carrier intermodulation can reach into the band 2 UL band only if the upper edge frequency of this band is higher than the lower frequency edge of the IMD. I.e. (using[image: image13.png]


) if 1910 > f2_high - d - b = 1990 - d - b (MHz) there will be an overlap. Since the maximum carrier BW is 20 MHz, this cannot occur for 2DL/1UL CA.
Coexistence with other bands:
It can be seen in table 2 that operating band 41 (in the range 2688 to 2690 MHz) the overlaps 2nd order IMD range. 
Operating band 30 UL and operating band 40 fall in the 3rd harmonic range of band 28.

The UL of operating band 31 falls in the low 3rd order IMD frequency limits.

The UL of operating bands 5, 6, 12, 13, 14, 17, 18, 19, 20, 26, 27 and band 44 fall within the midlow 3rd order IMD frequency limits.

Operating bands 33, 34, 35, 36, 37, and 39 (in the frequency range 1885 to 1920 MHz) fall within the midhigh 3rd order IMD frequency limits.

The UL of operating band 22 (in the frequency range 3446 to 3490 MHz) and operating band 42 (in the range 3446 to 3596 MHz) fall within the higher 3rd order IMD frequency limits.
While the total range between the referred frequency limits will only be subjected to intermodulation products if the entire spectra of the operating bands are utilized for signals, the intermodulation from partially used operating band spectrum may fall in any position in the range, depending on the signal’s spectral position. Hence the affected bands are advised to be carefully investigated for each deployment where high-low band combinations share UL signal paths (like e.g. feeder) with high power DL signals.
3 Conclusion
The coexistence study provides the following conclusions:
· No interference from second order harmonics is identified. A small fraction of operating band 41 (2688 to 2690 MHz) may be affected by inter-carrier 2nd order intermodulation.

· Intercarrier 3rd order intermodulation from the two bands can interfere with the UL of band 28 but not with the own carrier if only one carrier in each band is employed in carrier aggregation.
· Operating band 30 UL falls in the 3rd harmonic range of band 28.

· The UL of operating bands 5, 6, 12, 13, 14, 17, 18, 19, 20, 22 (in the frequency range 3446 to 3490 MHz), 26, 27, 28, 30 and band 33, 34, 35,36, 37, 39 (in the frequency range 1885 to 1920 MHz), 42 (in the range 3446 to 3596 MHz), and 44 fall within the 3rd order IMD frequency limits.
The following text proposal for [2] is suggested.
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5 Text Proposal

6.1.x.1
List of specific combination issues

6.1.x.1.1
Channel bandwidths per operating band for CA
Table 6.1.x.1.1-1: Supported E-UTRA bandwidths per CA configuration for inter-band CA
	E-UTRA CA configuration / Bandwidth combination set

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

[MHz]
	Bandwidth combination set

	CA_2A-28A
	2
	
	
	Yes
	Yes
	Yes
	Yes
	40
	0

	
	28
	
	
	Yes
	Yes
	Yes
	Yes
	
	


========================== text omitted (depending on TR structure) ======================
6.1.x.1.2
Co-existence studies for CA_2-28
In Table 6.1.x.1.2-1 below, the DL frequencies and their harmonics are listed for operating bands 2 and 28. It can be seen that the harmonics of band 28 carriers cannot interfere with the UL of band 2. 
Table 6.1.x.1.2-1: Band 2 and Band 28 DL harmonics 

	BS DL carriers
	f1_low
	f1_high
	f2_low
	f2_high

	DL frequency (MHz)
	758
	803
	1930
	1990

	2nd harmonics frequency limits (MHz) 
	1516
	1606
	3860
	3980

	3rd harmonics frequency limits (MHz)
	2274
	2409
	5790
	5970

	UL frequencies (MHz)
	703
	748
	1850
	1910


The intermodulation products of order two and three are listed in table 6.1.x.1.2-2. It can be noted that the Midlow 3rd order IMD frequency range covers the entire UL band of band 28 and that the Midhigh 3rd order IMD partially overlaps band 2 UL band.

Table 6.1.x.1.2-2: Band 2 and Band 28 DL 2nd and 3rd order IMD bands 
	BS DL carriers
	f_low
	f_high
	Formula f_low
	Formula f_high

	Low 2nd order IMD limits  (MHz)
	1127
	1232
	(f2_low – f1_high)
	(f2_high – f1_low)

	High 2nd order IMD limits (MHz) 
	2688
	2793
	(f2_low + f1_low)
	(f2_high + f1_high)

	Low 3rd order IMD limits (MHz)
	       324 (Note 1)
	       474 (Note 1)
	(f2_low – 2*f1_high)
	(f2_high – 2*f1_low)

	Midlow 3rd order IMD limits (MHz)
	698
	863
	(f1_low – f2_high + f2_low)
	(f1_high + f2_high – f2_low)

	Midhigh 3rd order IMD limits (MHz)
	1885
	2035
	(f2_low – f1_high + f1_low)
	(f2_high + f1_high – f1_low)

	High 3rd order IMD limits (MHz)
	3057
	3222
	(2*f2_low – f1_high)
	(2*f2_high – f1_low)

	Higher 3rd order IMD limits (MHz)
	3446
	3596
	(2*f1_low + f2_low)
	(2*f1_high + f2_high)

	Highest 3rd order IMD limits (MHz)
	4618
	4783
	(2*f2_low + f1_low)
	(2*f2_high + f1_high)

	Max 1 carrier operating band f1 frequency limit overshoot (MHz)
	738
	823
	(f1_low – max carrier BW in f2 band)
	(f1_high + max carrier BW in f2 band)

	Max 1 carrier operating band f2 frequency limit overshoot (MHz)
	1910
	2010
	(f2_low – max carrier BW in f1 band)
	(f2_high + max carrier BW in f1 band)

	Note 1: The general formulas result in negative frequencies here, which make f_low and f_high shift positions for the corresponding positive frequency limits.

Note 2: f1 refers to the DL frequency range limits of band 28, and f2 refers to the DL frequency range limits of band 2.


The coexistence study provides the following conclusions:
· No interference from second order harmonics is identified. A small fraction of operating band 41 (2688 to 2690 MHz) may be affected by inter-carrier 2nd order intermodulation.

· Intercarrier 3rd order intermodulation from the two bands can interfere with the UL of band 28 but not with the own carrier if only one carrier in each band is employed in carrier aggregation.

· Operating band 30 UL falls in the 3rd harmonic range of band 28.

· The UL of operating bands 5, 6, 12, 13, 14, 17, 18, 19, 20, 22 (in the frequency range 3446 to 3490 MHz), 26, 27, 28, 30 and band 33, 34, 35, 36, 37, 39 (in the frequency range 1885 to 1920 MHz), 42 (in the range 3446 to 3596 MHz), and 44 fall within the 3rd order IMD frequency limits.
While the total range between the referred frequency limits will only be subjected to intermodulation products if the entire spectra of the operating bands are utilized for signals, the intermodulation from partially used operating band spectrum may fall in any position in the range, depending on the signal’s spectral position. Hence the affected bands are advised to be carefully investigated for each deployment where high-low band combinations share UL signal paths with high power DL signals (like e.g. feeder).[image: image14.png]


































































