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1. Introduction
In RAN #59, new work item for LTE Advanced dual uplink inter-band Carrier Aggregation Class A3 was agreed to define the technical specifications [1]. Last meeting, we have discussed some initial topics and got a WF [2][3]. It proposes that IMD analysis first for bands combination of interest. For class A3, inter-band CA Band 1 and Band 7 will be applied in Region 1 and 3. The coexistence analysis for this combination seems a little complexity. In this contribution, we present the coexistence analysis for inter-band CA Band 1 and Band 7 with 2UL, based on the general coexistence analysis table in [4].
2. Discussion
For inter-band CA with 2UL, class A3 is low-low or high-high band combination without intermodulation problem (low order IM). The following table describes the considered band combinations of Band 1 and Band 7,
Table 1: Band combinations for inter-band carrier aggregation with 2UL
	E-UTRA band / channel bandwidth

	E-UTRA CA Band
	E-UTRA Bands
	1.4MHz
	3MHz
	5 MHz
	10  MHz
	15 MHz
	20  MHz
	Bandwidth combination set

	B1+B7
	1
	
	
	Yes
	Yes
	Yes
	Yes
	0

	
	7
	
	
	Yes
	Yes
	Yes
	Yes
	


2.1 Coexistence studies for 2 UL/2 DL
2.1.1 CA_1-7 coexistence analysis
Table 2 shows the uplink and downlink frequency range for Band 1 and Band 7. Harmonics and intermodulation products are presented for coexistence analysis.
Table 2: Inter-band CA operating bands
	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_1-7
	1
	1920 MHz 
	–
	1980 MHz 
	2110 MHz  
	–
	2170 MHz
	FDD

	
	7
	2500 MHz
	–
	2570 MHz
	2620 MHz 
	–
	2690 MHz
	


2.1.1.1 Harmonics and IMD products calculation for 2DL
The 2nd and 3rd order harmonics and IMD products caused in the BS by transmitting of Band 1 and Band 7 DL carriers can be calculated as shown in table 3 below,
Table 3: Band 1 and Band 7 DL harmonics and IMD products

	BS DL carriers
	f1_low
	f1_high
	f2_low
	f2_high

	DL frequency (MHz)
	2110
	2170
	2620
	2690

	2nd harmonics frequency limits (MHz) 
	4220
	4340
	5240
	5380

	3rd harmonics frequency limits (MHz)
	6330
	6510
	7860
	8070

	2nd order IMD products
	|f2_low – f1_high|
	|f2_high – f1_low|
	|f2_low + f1_low|
	|f2_high + f1_high|

	IMD frequency limits (MHz)
	450
	580
	4730
	4860

	3rd order IMD products
	|2*f1_low – f2_high|
	|2*f1_high – f2_low|
	|2*f2_low – f1_high|
	|2*f2_high – f1_low|

	IMD frequency limits (MHz)
	1530
	1720
	3070
	3270

	3rd order IMD products
	|2*f1_low + f2_low|
	|2*f1_high + f2_high|
	|2*f2_low + f1_low|
	|2*f2_high + f1_high|

	IMD frequency limits (MHz)
	6840
	7030
	7350
	7550

	3rd order IMD products (with maximum channel bandwidth)
	|f1_low – f2_BWmax|
	|f1_high + f2_BWmax|
	|f2_low – f1_BWmax|
	|f2_high + f1_BWmax|

	IMD frequency limits (MHz)
	2090
	2190
	2600
	2710


It can be seen from table 3 that the 3rd IMD products of BS supporting carrier aggregation of Band 1 and Band 7 may fall into the BS receive band of Band 24. Note that the calculation in table 3 (except the last row) assumes the BS is transmitting with the whole 60 MHz DL frequency of Band 1 and the whole 70 MHz DL frequency of Band 7.
If the BS is only transmitting up to 20 MHz DL in Band 1 and Band 7 as stated in the WIDS, then the three tones 3rd IMD products will fall into the BS receive band of Bands 38 and 41 as shown in the last row in table 3.
According to operators’ plan, Band 1 and Band 7 will be applied in region 1 and 3, especially in Europe and China. Therefore, the coexistence regulation seems a little different.
Note that Band 24 is not intended for use in the same geographical area as Bands 1 and 7. Moreover, with the performances of the current BS antenna system, transmit and receive path components, amplifiers, pre-distortion algorithms and filters, it is expected that the IMD interference generated within the Band 38 and 41 receivers would be well below the receiver noise floor eliminating the possibility of receiver desensitization, provided that Bands 1 and 7 BS transmitters do not share the same antenna with Band 38 and 41 BS receivers.
Therefore, it is recommended that Bands 1 and 7 BS transmitters should not share the same antenna with Band 38 and 41 BS receivers, unless the antenna path meets very stringent 3rd order PIM specification so that the PIM will not cause Band 41 BS receiver desensitization.
2.1.1.2 Harmonics and IMD products calculation for 2UL
Table 4 shows the intermodulation products for Band 1 + Band 7 CA with 2 ULs. For the 3-tone IMD analysis with maximum transmission BW as defined in table 1 is considered.
Table 4: Band 1 and Band 7 UL harmonics and IMD products

	UE UL carriers
	f1_low
	f1_high
	f2_low
	f2_high

	UL frequency (MHz)
	1920
	1980
	2500
	2570

	2nd harmonics frequency limits (MHz) 
	3840
	3960
	5000
	5140

	3rd harmonics frequency limits (MHz)
	5760
	5940
	7500
	7710

	2nd order IMD products
	|f2_low – f1_high|
	|f2_high – f1_low|
	|f2_low + f1_low|
	|f2_high + f1_high|

	IMD frequency limits (MHz)
	520
	650
	4420
	4550

	3rd order IMD products
	|2*f1_low – f2_high|
	|2*f1_high – f2_low|
	|2*f2_low – f1_high|
	|2*f2_high – f1_low|

	IMD frequency limits (MHz)
	1270
	1460
	3020
	3220

	3rd order IMD products
	|2*f1_low + f2_low|
	|2*f1_high + f2_high|
	|2*f2_low + f1_low|
	|2*f2_high + f1_high|

	IMD frequency limits (MHz)
	6340
	6530
	6920
	7120

	3rd order IMD products (with maximum channel bandwidth)
	|f1_low – f2_BWmax|
	|f1_high + f2_BWmax|
	|f2_low – f1_BWmax|
	|f2_high + f1_BWmax|

	IMD frequency limits (MHz)
	1900
	2000
	2480
	2590


Note that the calculation in table 3 (except the last row), there is no interference for other bands due to Band 1 and Band 7 harmonics and intermodulation products.
Three-tone third order IMD products in the last row with maximum channel bandwidth can fall into the Band 2, 25, 33, 35, 36, 37, 38, 39 and 41 receivers.
Considering bands in the same geographical area, we observe that the UE distortion falls into the UE receive bands of Band 33 and 38 for region 1. It falls into the UE receive bands of Band 38, 39 and 41 for region 3. The magnitude of these possible IMD products has to be further studied with respect to spurious emission limits into these bands.
3. Conclusion
In this contribution, we analyze coexistence with 2UL/2DL for Band 1 and Band 7 in class A3 and propose that:
Bands 1 and 7 BS transmitters should not share the same antenna with Band 38 and 41 BS receivers, unless the antenna path meets very stringent 3rd order PIM specification so that the PIM will not cause Band 41 BS receiver desensitization.
The UE distortion falls into the UE receive bands of Band 33 and 38 for region 1. It falls into the UE receive bands of Band 38, 39 and 41 for region 3.
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8.2
LTE-Advanced Carrier Aggregation of Band 1 and Band 7
8.2.1
Inter-region OOBE requirements for Carrier Aggregation of Band 1 and Band 7  

CA_1-7 inter-band combination is designed to operate in the following bands defined in table 8.2.1-1.
Table 8.2.1-1: Inter-band CA operating bands

	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_1-7
	1
	1920 MHz 
	–
	1980 MHz 
	2110 MHz  
	–
	2170 MHz
	FDD

	
	7
	2500 MHz
	–
	2570 MHz
	2620 MHz 
	–
	2690 MHz
	


8.2.1.1
Channel bandwidths per operating band for CA

Supported channel bandwidths per operating band for CA_1-7 are shown in table 8.2.1.1-1.

Table 8.2.1.1-1: Supported E-UTRA bandwidths per CA configuration for inter-band CA
	E-UTRA band / channel bandwidth

	E-UTRA CA Band
	E-UTRA Bands
	1.4MHz
	3MHz
	5 MHz
	10  MHz
	15 MHz
	20  MHz
	Bandwidth combination set

	B1+B7
	1
	
	
	Yes
	Yes
	Yes
	Yes
	0

	
	7
	
	
	Yes
	Yes
	Yes
	Yes
	


8.2.1.2
Co-existence studies for 2 UL/2 DL

The 2nd and 3rd order harmonics and IMD products caused in the BS by transmitting of Band 1 and Band 7 DL carriers can be calculated as shown in table 8.2.1.2-1 below:
Table 8.2.1.2-1: Band 1 and Band 7 DL harmonics and IMD products
	BS DL carriers
	f1_low
	f1_high
	f2_low
	f2_high

	DL frequency (MHz)
	2110
	2170
	2620
	2690

	2nd harmonics frequency limits (MHz) 
	4220
	4340
	5240
	5380

	3rd harmonics frequency limits (MHz)
	6330
	6510
	7860
	8070

	2nd order IMD products
	|f2_low – f1_high|
	|f2_high – f1_low|
	|f2_low + f1_low|
	|f2_high + f1_high|

	IMD frequency limits (MHz)
	450
	580
	4730
	4860

	3rd order IMD products
	|2*f1_low – f2_high|
	|2*f1_high – f2_low|
	|2*f2_low – f1_high|
	|2*f2_high – f1_low|

	IMD frequency limits (MHz)
	1530
	1720
	3070
	3270

	3rd order IMD products
	|2*f1_low + f2_low|
	|2*f1_high + f2_high|
	|2*f2_low + f1_low|
	|2*f2_high + f1_high|

	IMD frequency limits (MHz)
	6840
	7030
	7350
	7550

	3rd order IMD products (with maximum channel bandwidth)
	|f1_low – f2_BWmax|
	|f1_high + f2_BWmax|
	|f2_low – f1_BWmax|
	|f2_high + f1_BWmax|

	IMD frequency limits (MHz)
	2090
	2190
	2600
	2710


It can be seen from table 3 that the 3rd IMD products of BS supporting carrier aggregation of Band 1 and Band 7 may fall into the BS receive band of Band 24. Note that the calculation in table 3 (except the last row) assumes the BS is transmitting with the whole 60 MHz DL frequency of Band 1 and the whole 70 MHz DL frequency of Band 7.
If the BS is only transmitting up to 20 MHz DL in Band 1 and Band 7 as stated in the WIDS, then the three tones 3rd IMD products will fall into the BS receive band of Bands 38 and 41 as shown in the last row in table 3.
According to operators’ plan, Band 1 and Band 7 will be applied in region 1 and 3, especially in Europe and China. Therefore, the coexistence regulation seems a little different.

Note that Band 24 is not intended for use in the same geographical area as Bands 1 and 7. Moreover, with the performances of the current BS antenna system, transmit and receive path components, amplifiers, pre-distortion algorithms and filters, it is expected that the IMD interference generated within the Band 38 and 41 receivers would be well below the receiver noise floor eliminating the possibility of receiver desensitization, provided that Bands 1 and 7 BS transmitters do not share the same antenna with Band 38 and 41 BS receivers.
Therefore, it is recommended that Bands 1 and 7 BS transmitters should not share the same antenna with Band 38 and 41 BS receivers, unless the antenna path meets very stringent 3rd order PIM specification so that the PIM will not cause Band 41 BS receiver desensitization.
Table 8.2.1.2-2 gives the inter-modulation products for Band 1 + Band 7 CA with 2 ULs. For the 3-tone IMD analysis with the maximum transmission BW as defined in table 8.2.1.1 -1 is considered.
Table 8.2.1.2-2: Band 1 and Band 7 UL harmonics and IMD products

	UE UL carriers
	f1_low
	f1_high
	f2_low
	f2_high

	UL frequency (MHz)
	1920
	1980
	2500
	2570

	2nd harmonics frequency limits (MHz) 
	3840
	3960
	5000
	5140

	3rd harmonics frequency limits (MHz)
	5760
	5940
	7500
	7710

	2nd order IMD products
	|f2_low – f1_high|
	|f2_high – f1_low|
	|f2_low + f1_low|
	|f2_high + f1_high|

	IMD frequency limits (MHz)
	520
	650
	4420
	4550

	3rd order IMD products
	|2*f1_low – f2_high|
	|2*f1_high – f2_low|
	|2*f2_low – f1_high|
	|2*f2_high – f1_low|

	IMD frequency limits (MHz)
	1270
	1460
	3020
	3220

	3rd order IMD products
	|2*f1_low + f2_low|
	|2*f1_high + f2_high|
	|2*f2_low + f1_low|
	|2*f2_high + f1_high|

	IMD frequency limits (MHz)
	6340
	6530
	6920
	7120

	3rd order IMD products (with maximum channel bandwidth)
	|f1_low – f2_BWmax|
	|f1_high + f2_BWmax|
	|f2_low – f1_BWmax|
	|f2_high + f1_BWmax|

	IMD frequency limits (MHz)
	1900
	2000
	2480
	2590


Note that the calculation in table 3 (except the last row), there is no interference for other bands due to Band 1 and Band 7 harmonics and intermodulation products.

Three-tone third order IMD products in the last row with maximum channel bandwidth can fall into the Band 2, 25, 33, 35, 36, 37, 38, 39 and 41 receivers.
Considering bands in the same geographical area, we observe that the UE distortion falls into the UE receive bands of Band 33 and 38 for region 1. It falls into the UE receive bands of Band 38, 39 and 41 for region 3. The magnitude of these possible IMD products has to be further studied with respect to spurious emission limits into these bands.
************************ End of the text proposal for TR 36.860 ******************************





























































































