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Introduction
In the last RAN4 meetings it was agreed that for 2ULs we should consider 4th and 5th order intermodulation if falling into the own receiving band, R4-140575, R4-141259 and R4-69AH-0030. This was agreed although MediaTek showed that 5th order IMD is unlikely to impact further degradation, R4-140605. Nevertheless this input gives the 4th and 5th order IMD products for the European 2UL band combinations with B3+B7,  B3+B20 and B7+B20.
Text proposal for TR 36.860 V0.7.0
LTE Advanced Dual Uplink Inter-band Carrier Aggregation
----- Start of TP -----
6.3.3
Harmonics and IMD study
Table 6.3.3-1 lists B3+B20 2UL CA 2nd and 3rd order harmonics and 3rd order IMD for the UE own band analysis and the UE-to-UE coexistence analysis. Table 6.3.3-2 and Table 6.3.3-3 list the 4th order and 5th order IMD for the UE own receiving bands analysis.

Table 6.3.3-4 lists the band numbers where IMD2 and/or IMD3 terms fall into the DL of these protected bands.

Table 6.3.3-1: Band 20 and Band 3 UL harmonics and IMD products

	UE UL carriers
	fx_low
	fx_high
	fy_low
	fy_high

	UL frequency (MHz)
	832
	862
	1710
	1785

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

	2nd harmonics frequency limits (MHz) 
	1664 – 1724
	3420 – 3570

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

	3rd harmonics frequency limits (MHz)
	2496 – 2586
	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)
	848 – 953
	2542 – 2647

	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)
	0 – 121
	2558 – 2738

	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)
	3374 – 3509
	4252 – 4432


Table 6.3.3-2: Band 3 and Band 7 UL IMD4 products with difference of frequency components
	|3*fx - 1*fy|
	711 to 876 MHz

	|3*fy - 1*fx|
	4268 to 4523 MHz

	|2*fx - 2*fy|
	1696 to 1906 MHz


Table 6.3.3-3: Band 3 and Band 7 UL IMD5 products
	|3*fx - 2*fy|
	834 to 1074 MHz

	|3*fy - 2*fx|
	3406 to 3691 MHz

	|3*fx + 2*fy|
	5916 to 6156 MHz

	|3*fy + 2*fx|
	6794 to 7079 MHz

	|4*fx - 1*fy|
	1543 to 1738 MHz

	|4*fy - 1*fx|
	5978 to 6308 MHz

	|4*fx + 1*fy|
	5038 to 5233 MHz

	|4*fy + 1*fx|
	7672 to 8002 MH


Table 6.3.3-4: Protected bands / spectrum affected by IMD2/IMD3 from CA with B20 + B3

	Protected bands / spectrum affected by 2nd or 3rd order harmonics
	B3 protected DL bands: 22  38  42
B20 protected DL bands: 22  38  42

	Protected bands / spectrum affected by IMD2
	B3 protected DL bands: 7   8  18  19  26  27  38

B20 protected DL bands: 7  8  38

	Protected bands / spectrum affected by IMD3
	B3 protected DL bands: 7  38  42

B20 protected DL bands: 7  38   42


The inter-band CA combination CA_3A-20A does not have 2nd, 3rd or 5th order intermodulation problems into its own DL as shown in Table 6.3.3-1 and Table 6.3.3-3. IMD4 can cause intermodulation distortion to the own band 20 and band 3 DL, Table 6.3.3-2.

Table 6.3.3-4 lists B3 and B20 protected bands for UE co-existence which are affected by harmonics or IMDs from B3 + B20 CA.
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 6.3.3-5 lists if up to 3rd order harmonics and IMD up to 5th order falls into one of these receiving bands.
Table 6.3.3-5: 2UL B20+ B3 harmonic and IMD for ISM and GNSS bands

	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
	-
	Asia
	-

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

	
	5150
	-
	5350
	Yes
	Europe
	IMD5 and 3rd order harmonic B3

	
	5470
	-
	5725
	No
	
	

	
	5150
	-
	5825
	-
	Asia
	-


RAN4 agreed on the following in order to deal with possible harmonic and IMD problems for 2ULs:

· For UE-UE coexistence, it is sufficient to consider only up to 3rd order intermodulation [11].
· For harmonics and IMD problems in ISM bands, RAN4 should not consider an additional insertion loss for filtering solutions compared to 1UL inter-band CA [12].

· From RAN4#69 forward approve proposals that reuse single uplink inter-band CA (TIB and (RIB values for those dual uplink inter-band CA band combinations that don't have 2nd/3rd/5th order intermodulation problem with own DL [13].
· RAN4 shall consider 4th and 5th order intermodulation if falling into the own receiving band, R4-140575, R4-141259 and R4-69AH-0030.
----- Unchanged sections omitted -----
----- Next changed sections -----
8.3.3
Harmonics and IMD study

Table 8.3.3-1 lists B3+B7 2UL CA 2nd and 3rd order harmonics and 3rd order IMD for the UE own band analysis and the UE-to-UE coexistence analysis. Table 8.3.3-2 and Table 8.3.3-3 list the 4th order and 5th order IMD for the UE own band analysis. 
Table 8.3.3-4 lists the band numbers where IMD2 and/or IMD3 terms fall into the DL of these protected bands.

Table 8.3.3-1: Band 3 and Band 7 UL harmonics and IMD products

	UE UL carriers
	fx_low
	fx_high
	fy_low
	fy_high

	UL frequency (MHz)
	1710
	1785
	2500
	2570

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

	2nd harmonics frequency limits (MHz) 
	3420 – 3570
	5000 – 5140

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

	3rd harmonics frequency limits (MHz)
	5130 – 5355
	7500 – 7710

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

	IMD frequency limits (MHz)
	715 – 860
	4210 – 4355

	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)
	850 – 1070
	3215 – 3430

	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)
	5920 – 6140
	6710 – 6925


Table 8.3.3-2: Band 3 and Band 7 UL IMD4 products with difference of frequency components
	|3*fx - 1*fy|
	2560 to 2855 MHz

	|3*fy - 1*fx|
	5715 to 6000 MHz

	|2*fx - 2*fy|
	1430 to 1720 MHz


Table 8.3.3-3: Band 3 and Band 7 UL IMD5 products
	|3*fx - 2*fy|
	0 to 355 MHz

	|3*fy - 2*fx|
	3930 to 4290 MHz

	|3*fx + 2*fy|
	10130 to 10495 MHz

	|3*fy + 2*fx|
	10920 to 11280 MHz

	|4*fx - 1*fy|
	4270 to 4640 MHz

	|4*fy - 1*fx|
	8215 to 8570 MHz

	|4*fx + 1*fy|
	9340 to 9710 MHz

	|4*fy + 1*fx|
	11710 to 12065 MHz


Table 8.3.3-4: Protected bands / spectrum affected by IMD2/IMD3 from CA with B3 + B7

	Protected bands / spectrum affected by 2nd or 3rd order harmonics
	B3 protected DL bands: 22  42
B7 protected DL bands: 22  42

	Protected bands / spectrum affected by IMD2
	B3 protected DL bands: 20  26  27  28  44

B7 protected DL bands: 20  27  28  29

	Protected bands / spectrum affected by IMD3
	B3 protected DL bands: 8  18  19  26  27  42

B7 protected DL bands: 8  27  42


The inter-band CA combination CA_3A-7A does not have 2nd, 3rd or 5th order intermodulation problems into its own DL as shown in Table 8.3.3-1 and Table 8.3.3-3. IMD4 can cause intermodulation distortion to the own band 7 DL, Table 8.3.3-2.
Table 8.3.3-4 lists B3 and B7 protected bands for UE co-existence which are affected by harmonics or IMDs from B3 + B7 CA.
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 8.3.3-5 lists if up to 3rd order harmonics and IMD up to 5th order falls into one of these receiving bands.
Table 8.3.3-5: 2UL B3+ 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
	-
	Asia
	-

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

	
	5150
	-
	5350
	Yes
	Europe
	3rd order harmonic B3

	
	5470
	-
	5725
	No
	
	

	
	5150
	-
	5825
	-
	Asia
	-


RAN4 agreed on the following in order to deal with possible harmonic and IMD problems for 2ULs:

· For UE-UE coexistence, it is sufficient to consider only up to 3rd order intermodulation [11].
· For harmonics and IMD problems in ISM bands, RAN4 should not consider an additional insertion loss for filtering solutions compared to 1UL inter-band CA [12].

· From RAN4#69 forward approve proposals that reuse single uplink inter-band CA (TIB and (RIB values for those dual uplink inter-band CA band combinations that don't have 2nd/3rd/5th order intermodulation problem with own DL [13].
· RAN4 shall consider 4th and 5th order intermodulation if falling into the own receiving band, R4-140575, R4-141259 and R4-69AH-0030.
----- Unchanged sections omitted -----
----- Next changed sections -----
9.3.1.2
Co-existence studies for CA_7A-20A with 2ULs
2nd and 3rd order intermodulation frequencies are considered when studying UE-to-UE co-existence. In other cases, such as Rx desensitization and GNSS/ISM co-existence, also higher order IMD may be considered.

A harmonics and IMD co-existence table for dual uplink inter-band CA within band combination (7+20) is provided in Table 9.3.1.2-1.
Table 9.3.1.2-1: Band 7 and band 20 UL IMD products and harmonics

	UE UL Carriers
	fx_low
	fx_high
	fy_low
	fy_high

	UL frequency (MHz)
	832
	862
	2500
	2570

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

	2nd harmonics frequency limits (MHz)
	1664 - 1724
	5000 - 5140

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

	3rd harmonics frequency limits (MHz)
	2496 - 2586
	7500 - 7710

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

	IMD frequency limits (MHz)
	1638 - 1738
	3332 - 3432

	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)
	906 - 776
	4138 - 4308

	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)
	4164 - 4294
	5832 - 6002


Table 9.3.1.2-1a: Band 7 and Band 20 UL IMD4 products with difference of frequency components
	|3*fx - 1*fy|
	0 to 86 MHz

	|3*fy - 1*fx|
	6638 to 6878 MHz

	|2*fx - 2*fy|
	3276 to 3476 MHz


Frequency limits for 5th order IMD is provided in Table 9.3.1.2-2.
Table 9.3.1.2-2: Band 7 and band 20 5th order UL IMD product frequency ranges.

	|2*fx - 3*fy|
	5776 - 6046

	|2*fx + 3*fy|
	9164 - 9434

	|2*fy - 3*fx|
	2414 - 2644

	|2*fy + 3*fx|
	7496 - 7726

	|fx - 4*fy|
	9138 - 9448

	|fx + 4*fy|
	10832 - 11142

	|fy – 4*fx|
	758 - 948

	|fy + 4*fx|
	5828 - 6018


Based on Table 9.3.1.2-1 3rd order IMD may fall into own Rx of band 20. In addition to this 5th order IMD may fall into band 7 and 20 Rx also, which is seen in Table 9.3.1.2-2 and may have to be considered in Rx desensitization studies. Fourth order IMD does not fall into the own bands. 2nd and 3rd order IMD and harmonics may also fall into Rx frequencies of bands 5, 6, 18, 19, 26, 27, 28, 38, 41, 42 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 9.3.1.2-3.

Table 9.3.1.2-3: Frequency bands reserved for GNSS and ISM operation.
	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
	Yes
	US/Europe
	IMD5

	
	2400
	-
	2494
	Yes
	Asia
	IMD5

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

	
	5150
	-
	5350
	No
	Europe
	

	
	5470
	-
	5725
	No
	
	

	
	5150
	-
	5825
	Yes
	Asia
	IMD5


----- End of TP -----
