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1 Introduction
At the RAN #51 meeting, new work items on various band combinations of inter-band carrier aggregation (CA) were approved to specify band-combination specific RF requirements [1]-[7]. As mentioned in [8], [9], harmonics and inter-modulation (IM) products at the UE transmitter of inter-band carrier aggregation may result in desensitization of one of its own receive band and/or desensitize receivers of proximal UEs in other bands. That is, some of Rel-8/9 REFSENS and UE-to-UE coexistence spurious emission requirements may need to be changed due to simultaneous transmission/reception of two carriers from different bands. 
In this contribution, we identify harmonics and inter-modulation products caused by a UE in each band combination for all inter-band CA work items, and present a high-level analysis of the impact of IMs and harmonics on the potential victim receivers. Various components at the transceiver path such as antennas, power amplifiers (PAs), connectors, and switches, can contribute to harmonics and intermodulation interference. Especially, the reverse inter-modulation (the leakage from one PA output is mixed with the input signal of another PA) caused by co-located PAs for different bands would be a more serious issue when two carriers are aggregated with a small frequency separation. Other aspects to consider regarding the impact of IM and harmonics are regional spectrum usages for UE-to-UE coexistence, and other operating bands supported by the UE in addition to a particular inter-band aggregation scenario. The latter may limit potential UE RF front-end options [10] and may also cause self-desense in multi-mode devices.
2 Harmonics and IM in Region 1 Inter-band CA Scenarios
Two inter-band CA scenarios for Region 1 are investigated. In Region 1, Band 1, Band 3, Band 7, Band 8, Band 20, Band 38, and Band 42 are currently used or expected for future deployment.   
2.1 High + High Band Combination
The frequency ranges affected by the potential reverse IM and harmonics from Band 3 and Band 7 carrier aggregation (DL/UL up to 40/40 MHz) are presented in Table 1. Although both Band 3 and Band 7 are high frequency bands, the reverse IM is expected to be negligible as the frequency separation between two bands is larger than 600 MHz. The 3rd order harmonic of Band 3 falls into 802.11a/n WLAN channels in 5 GHz band, which may cause an in-device coexistence issue. 
Table 1: IM/harmonics of Band 3 and Band 7 carrier aggregation
	Order of harmonics

and IM
	Frequency combination
	Frequency range (MHz)
	Notes & potential victim bands

	
	
	F_low
	F_high
	

	1
	F1 (Band 7)
	2500
	2570
	Band 7 DL (2620-2690)

	
	F2 (Band 3)
	1710
	1785
	Band 3 DL (1805-1880)

	2
	F1 − F2
	715
	860
	Band 20 (791-821), Band 12, Band 13, Band 14, and Band 17 DL

	
	2·F2
	3420
	3570
	Band 42 (3400-3600)

	
	F1 + F2
	4210
	4355
	

	
	2·F1
	5000
	5140
	

	3
	2·F2 − F1
	850
	1070
	Band 8 (925-960), Band 5 (869-894), Band 18 (860-875), and Band 19 (875-890) DL 

	
	2·F1 − F2
	3215
	3430
	Band 42 (3400-3600)

	
	3·F2
	5130
	5355
	802.11a/n 

	
	2·F2 + F1
	5920
	6140
	

	
	2·F1 + F2
	6710
	6925
	

	
	3·F1
	7500
	7710
	


2.2 High + Low Band Combination
Aggregation of Band 7 and Band 20 supporting DL/UL up to 30/30 MHz is a high and low band combination scenario. Thus, the reverse IM is expected to be negligible. Table 2 shows the frequency range affected by the harmonic interference. Since the 3rd order harmonic of Band 20 falls into the Band 7 transmit band, the transmit signal quality of Band 7 such as EVM and in-band emission performances may be degraded when both uplink carriers are active. Furthermore, if two inter-band carriers located in the upper band edge of each band are aggregated, then the coexistence with a Band 38 UE becomes more challenging due to out-of-band emission from Band 7 and the 3rd order harmonic of Band 20 falling into the lower edge of Band 38.  
Table 2: Harmonics of Band 7 and Band 20 carrier aggregation
	Order of harmonics
	Frequency combination
	Frequency range (MHz)
	Notes & potential victim bands

	
	
	F_low
	F_high
	

	1
	F1 (Band 7)
	2500
	2570
	Band 7 DL (2620-2690)

	
	F2 (Band 20)
	832
	862
	Band 20 DL (791-821)

	2
	2·F2
	1664
	1724
	

	
	2·F1
	5000
	5140
	

	3
	3·F2
	2496
	2586
	Band 38 (2570-2620), Band 7 UL

	
	3·F1
	7500
	7710
	


3 Harmonics and IM in Region 2 Inter-band CA Scenarios

In Region 2, Band 2, Band 4, Band 5, Band 12, Band 13, Band 14, Band 17, Band 24, and Band 41 are currently used or expected for future deployment.   
3.1 Low + Low Band Combination
Table 3 shows harmonics and IM for the Band 5 + Band 12 scenario (DL/UL up to 20/20 MHz), which is a combination of low frequency bands. Since the minimum frequency distance between two bands is less than 100 MHz, the reverse IM product may degrade the transceiver performance significantly. The 2nd order IM falls into the Band 24 downlink, so spurious emission requirements of Band 5 and Band 12 carrier aggregation in the Band 24 DL may need relaxation. The 3rd order IM and harmonic cause the interference to the upper and lower ISM band which can result in desensitization of WLAN and Bluetooth receivers operated in those channels. 
Table 3: IM/harmonics of Band 5 and 12 carrier aggregation
	Order of harmonics

and IM
	Frequency combination
	Frequency range
	Notes & potential victim bands

	
	
	F_low
	F_high
	

	1
	F1 (Band 5)
	824
	849
	Band 5 DL (869-894)

	
	F2 (Band 12)
	699
	716
	Band 12 DL (729-746)

	2
	F1 − F2
	108
	150
	


	
	2·F2
	1398
	1432
	

	
	F1 + F2
	1523
	1565
	Band 24 DL (1525–1559)

	
	2·F1
	1648
	1698
	

	3
	2·F2 − F1
	549
	608
	

	
	2·F1 − F2
	932
	999
	Band 8 DL (925–960)

	
	3·F2
	2097
	2148
	Band 4 DL (2110-2155), Band 1 and Band 10 DL (2110-2170)

	
	2·F2 + F1
	2222
	2281
	

	
	2·F1 + F2
	2347
	2414
	Lower ISM band (2400-2414), Band 40 (2300-2400)

	
	3·F1
	2472
	2547
	Upper ISM band (2472-2483.5), Band 41 (2496-2690)


In Table 4, the IM and harmonic analysis is presented for another low and low frequency bands combination scenario, Band 5 + Band 17 (DL/UL up to 20/20 MHz). Similar to the Band 5 + Band 12 scenario, the coexistence with a Band 24 UE and the in-device coexistence for some WLAN and Bluetooth channels should be considered for Band 5 and Band 17 carrier aggregation. 
Table 4: IM/harmonics of Band 5 and Band 17 carrier aggregation
	Order of harmonics

and IM
	Frequency combination
	Frequency range
	Notes & potential victim bands

	
	
	F_low
	F_high
	

	1
	F1 (Band 5)
	824
	849
	Band 5 DL (869-894)

	
	F2 (Band 17)
	704
	716
	Band 17 DL (734-746)

	2
	F1 − F2
	108
	145
	

	
	2·F2
	1408
	1432
	

	
	F1 + F2
	1528
	1565
	Band 24 DL (1525–1559)

	
	2·F1
	1648
	1698
	

	3
	2·F2 − F1
	559
	608
	

	
	2·F1 − F2
	932
	994
	Band 8 DL (925–960)

	
	3·F2
	2112
	2148
	Band 4 DL (2110-2155), Band 1 and Band 10 DL (2110-2170)

	
	2·F2 + F1
	2232
	2281
	

	
	2·F1 + F2
	2352
	2414
	Lower ISM band (2400-2414), Band 40 (2300-2400)

	
	3·F1
	2472
	2547
	Upper ISM band (2472-2483.5), Band 41 (2496-2690)


3.2 High + Low Band Combination
Inter-band aggregation scenarios with high and low frequency band combinations are Band 4 + Band 5, Band 4 + Band 12, Band 4 + Band 13, Band 4 + Band 17, and Band 2 + Band 17. As the aggregated bands have a large frequency separation (> 800 MHz), the reverse IM is expected to be negligible. Table 5 shows harmonics of Band 2, Band 4, Band 5, Band 12, Band 13, and Band 17, and corresponding victim bands. From Table 5, we can summarize the impact of harmonics as follows:
· Band 2 + Band 17 (DL/UL up to 20/20 MHz): No further harmonic issues from aggregation.
· Band 4 + Band 5 (DL/UL up to 20/20 MHz): The 2nd order harmonic of Band 5 falls into the region close to the Band 4 transmit band. Further study on the impact is needed. 
· Band 4 + Band 12 (DL/UL up to 20/20 MHz): The 3rd order harmonic of Band 12 falls into Band 4 DL. 
· Band 4 + Band 13 (DL/UL up to 20/20 MHz): No further harmonic issues from aggregation.
· Band 4 + Band 17 (DL/UL up to 20/20 MHz): The 3rd order harmonic of Band 17 falls into Band 4 DL. 
In addition, for all scenarios above, the UE may suffer from the in-device coexistence interference caused by the 3rd order harmonic of Band 2 or Band 4 if 802.11a/n WLAN channels in the 5 GHz band are supported.
When Band 2 and the new downlink-only band 716-728 MHz are aggregated [7], only one uplink carrier from Band 2 transmits. Thus, no harmonic interference is expected on the own receive band. 

Table 5: Harmonics of Band 2, Band4, Band 5, Band 12, Band 13, and Band 17
	Band
	Harmonics
	Frequency range (MHz)
	Notes & potential victim bands

	
	
	F_low
	F_high
	

	2
	F
	1850
	1910
	Band 2 DL (1930-1990)

	
	2·F
	3700
	3820
	Band 43 (3600–3800)

	
	3·F
	5550
	5730
	802.11a/n

	4
	F
	1710
	1755
	Band 4 DL (2110-2155)

	
	2·F
	3420
	3510
	Band 42 (3400-3600)

	
	3·F
	5130
	5265
	802.11a/n

	5
	F
	824
	849
	Band 5 DL (869-894)

	
	2·F
	1648
	1698
	

	
	3·F
	2472
	2547
	Band 41 (2496-2690)

	12
	F
	699
	716
	Band 12 DL (729-746)

	
	2·F
	1398
	1432
	

	
	3·F
	2097
	2148
	Band 4 (2110-2155), Band 1 and Band 10 (2110-2170) DL

	13
	F
	777
	787
	Band 13 DL (746-756)

	
	2·F
	1554
	1574
	Band 24 DL (1525-1559), GPS receiver (1574.42-1576.42)

	
	3·F
	2331
	2361
	Band 40 (2300-2400)

	17
	F
	704
	716
	Band 17 DL (734-746)

	
	2·F
	1408
	1432
	

	
	3·F
	2112
	2148
	Band 4 (2110-2155), Band 1, and Band 10 (2110-2170) DL


4 Harmonics and IM in Region 3 Inter-band CA Scenarios

In Region 3, Band 1, Band 3, Band 5, Band 7, Band 8, Band 9, Band 11, Band 18, Band 19, Band 21, Band 34, Band 38, Band 39, and Band 40 are currently used or expected for future deployment.   
The Band 1 and Band 5 aggregation scenario is a combination of high and low frequency bands. Thus, the reverse IM is expected to be negligible. As Table 6 shows that none of harmonics is close to the Band 1 or Band 5 transmit/receive bands, no harmonic issue due to aggregation is expected. Due to the 3rd order harmonic of Band 1, some WLAN channels operated in 5 GHz may suffer some receiver desense.
Table 6: Harmonics of Band 1 and Band 5 carrier aggregation
	Order of harmonics
	Frequency combination
	Frequency range
	Notes

	
	
	F_low
	F_high
	

	1
	F1 (Band 1)
	1920
	1980
	Band 1 DL (2110-2170)

	
	F2 (Band 5)
	824 
	849
	Band 5 DL (869-894)

	2
	2·F2
	1648
	1698
	

	
	2·F1
	3840
	3960
	

	3
	3·F2
	2472
	2547
	Band 41 (2496-2690)

	
	3·F1
	5760
	5940
	802.11a/n


5 Conclusions

In this paper, the impact of harmonics and inter-modulation products on the UE transceiver performance was studied for various inter-band CA scenarios. The summary of this high-level analysis is as follows:
· No IM or harmonic issue from aggregation was found for the following scenarios: 

· Band 3 + Band 7, Band 2 + Band 17, Band 4 + Band 13, Band 1 + Band 5
· Band 7 + Band 20 
· The 3rd order harmonic of Band 20 falls into either the Band 7 uplink band or the lower edge of Band 38. Band 7 in-band emission requirements and the coexistence with a Band 38 UE need to be carefully studied if two inter-band uplink carriers are active.  
· Band 5 + Band 12, Band 5 + Band 17

· The coexistence with a Band 24 UE and the in-device coexistence for some WLAN and Bluetooth channels in the 2.4 GHz band should be considered.
· Band 4 + Band 5 
· The 2nd order harmonic of Band 5 falls into the region close to the Band 4 transmit band. Further study on the impact is needed. 

· Band 4 + Band 12 
· The 3rd order harmonic of Band 12 falls into the Band 4 DL (self-desense). 
· Band 4 + Band 17 
· The 3rd order harmonic of Band 17 falls into the Band 4 DL (self-desense).
6 References

[1] RP-110135, “LTE Advanced Carrier Aggregation of Band 4 and Band 12”, Cox Communications.
[2] RP-110372, “LTE Advanced Carrier Aggregation of Band 5 and Band 12”, US Cellular.  
[3] RP-110403, “LTE Advanced Carrier Aggregation of Band 20 and Band 7”, Orange.

[4] RP-110432, “Proposed WID: LTE Advanced Carrier Aggregation Bands 2+17”, AT&T.
[5] RP-110433, “Proposed WID: LTE Advanced Carrier Aggregation Bands 4+5”, AT&T.

[6] RP-110434, “Proposed WID: LTE Advanced Carrier Aggregation Bands 5+17”, AT&T.

[7] RP-110435, “Proposed WID: New Band LTE DL FDD 716-728 MHz”, AT&T.
[8] R4-100045, “UE to UE coexistence study for carrier aggregation”, Samsung.
[9] R4-092247, “LTE-A carrier aggregation UL harmonics and inter-modulation”, Samsung.
[10] R4-110062, “UE RF aspects on downlink inter-band carrier aggregation”, Ericsson, ST-Ericsson.

PAGE  
1

