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1 Introduction
The twelve carrier aggregation deployment scenarios for LTE-A have been raised in [1]. The inter-modulations of the different aggregated carriers impact to other bands has been discussed in [2] and [3]. But in some of these scenarios, the inter-modulation between two TX aggregated carriers will fall into itself RX band which can bring the desensitization of the receiver in RX. In this contribution, we provide analysis on inter-modulation in deployment scenarios for ITU-R submission.
2 Analysis on inter-modulation
2.1 Analysis method
For contiguous and non- contiguous situations, the methods to evaluate the position of inter-modulation is described as below, because the third order of inter-modulation is severe, so only the IMD3 product will be considered in this contribution..
For contiguous component carrier aggregation, assuming the lowest frequency is f1, and the highest frequency is f2, the lowest IMD3 frequency is at 2*f1-f2 and the highest IMD3 frequency is at 2*f2-f1;

For non-contiguous component carrier aggregation, one component carrier occupied the frequency band from f1 to f2, the other from f3 to f4, then the lower IMD3 product occupied band from 2*f1-f4 to 2*f2-f3 and the higher IMD3 product occupied band from 2*f3-f2 to 2*f4-f1, Figure 1 has shown the IMD3 product:
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Figure 1.  The methods to calculate IMD3 in contiguous and non-contiguous CA
From the methods above, we can calculate the IMD3 between the aggregated carriers in TX band some may fall into the corresponding RX band in some deployment scenarios, the examples of all the twelve scenarios has been analyzed in section 2.2 and 2.3, the more inter-modulation situations in 1MHz step in non-contiguous CA can refer to Annex 1 which list in an excel.
2.2 Analysis on DL
Table 1. Examples of IMD3 falling into the RX band (DL)
	Scenario
	No of LTE-A component carriers
	Bands for LTE-A carriers
	TX band(MHz)
	IMD3 Product(MHz)
	RX band(MHz)

	1
	UL: Contiguous 2x20 MHz CCs
DL: Contiguous 4x20 MHz CCs
	3.5 GHz band
	TX:3510-3590
	Lower:3430-3510
Upper:3590-3670
	3410-3500

	2
	Contiguous 5x20 MHz CCs
	Band 40 (2.3 GHz)
	None
	None
	None

	3
	Contiguous 5x20 MHz CCs
	3.5 GHz band
	None
	None
	None

	4
	UL: Non-contiguous 20 + 20 MHz CCs
DL: Non-contiguous 2x20 + 2x20 MHz CCs
	3.5 GHz band
	TX1:3510-3550
TX2:3560-3600
	Lower:3420-3540
Upper:3570-3690
	3410-3500

	5
	UL/DL: Non-contiguous 5 MHz + 5 MHz CCs
	Band 8 (900 MHz)
	TX1:925-930
TX2:945-950
	Lower:900-915
Upper:960-975
	RX1:880-885
RX2:900-905

	6
	Non-contiguous 2x20 + 2x20 MHz CCs
	Band 38 (2.6 GHz)
	None
	None
	None

	7
	UL/DL: Non-contiguous 10 MHz CC@Band 1 + 10 MHz CC@Band 3 + 20 MHz CC@Band 7
	Band 3 (1.8 GHz)
Band 1 (2.1 GHz)
Band 7 (2.6 GHz)
	TX1:2160-2170
TX2:2620-2640
	Lower:1680-1720
Upper:3070-3120
	1710-1785

	
	
	
	TX1:1805-1815
TX2:2160-2170
	Lower:1440-1470
Upper:2505-2535
	2500-2570

	8
	Non-contiguous 1x15 + 1x15 MHz CCs
	Band 1 (2.1 GHz)
Band 3 (1.8GHz)
	None
	None
	None

	9
	UL/DL: Non-contiguous 10 MHz CC@UHF + 10 MHz CC@Band 8
	800 MHz band
Band 8 (900 MHz)
	None
	None
	None

	10
	Non-contiguous 2x20 + 10 + 2x20 MHz CCs
	Band 39 (1.8GHz)
Band 34 (2.1GHz)
Band 40 (2.3GHz)
	None
	None
	None

	11
	UL: 1x20 MHz CCs
DL: 2x20 MHz CCs
	Band 7 (2.6 GHz)
	None
	None
	None

	12
	UL/DL: 20 MHz CCs@Band 7
DL: Non-contiguous 20+2x20 MHz CCs@3.5 GHz Band
	Band 7 (2.6 GHz)
3.5GHz band
	None
	None
	None


From the table 1, it is obvious that TX IMD3 product will fall into the RX band in scenario 1,4,5,7 in DL. In these situations, if the rejection of duplexer is not enough or if the leakage of TX channel to RX channel is not enough, the RX noise floor will rise because of the TX IMD3 leakage, it will cause the desensitization of the receiver. The analysis of each scenario is as below:
Analysis on scenario 1
In this scenario, the component carriers are contiguous so the BS may have one PA to cover all CCs, which means the inter-modulation is un-neglected. The RX band is very near to the TX band, almost half of RX band is located in the adjacent channel of the TX and because of the asymmetrical distribution of the UL and DL, the occupied RX frequency band is not confirmed. Supposed the total power of 80MHz signal is 49dBm, the ACLR is 45dBc, the adjacent channel leakage is 49dBm-45dBc=4dBm/80MHz. To guarantee the sensitivity, the residual TX IMD3 product in RX Band must below the noise floor 10dB at least, then the residual IMD3 product is -174dBm/Hz+10logBW+NF-10=-103dBm/40MHz, the rejection of duplex in adjacent channel will reach about 104dB at least, it will increase the insertion loss, size and cost of duplexer when increasing the isolation between the TX/RX channel. 
The UL/DL separation should larger than 140MHz  to avoid the TX IMD3 region falling into the RX band but for 3.5GHz Band, it is impossible to have so large separation.
Analysis on scenario 4

In this scenario, the BS may also have one PA to cover both the two CCs, so the inter-modulation caused by PA non-linearity is also very harmful. Similar to Scenario 1, its uplink and downlink BW is asymmetrical, the RX occupied frequency band is not confirmed, and maybe it can keep away from the contaminated region. Supposed the centre frequency of two TX aggregate carriers is f1 and f2, then the RX should keep away from [2f1-f2-60, 2f1-f2+60] (f2-f1>40). In most cases, there are no enough 40MHz uncontaminated region for RX. So we need compromise between cost and size of BS equipment and receiver performance.
Analysis on scenario 5

In this scenario, the BS will also have one PA to cover both the two CCs, so the inter-modulation caused by PA non-linearity is also very harmful. Because of the symmetrical configuration of TX/RX, so when the TX band is selected, the RX band is confirmed by EARFCN. In this scenario, in terms of the frequency separation between the TX/RX is so small that in some situations the RX band is full contaminated by TX IMD3. One example in table 1 shows the Lower IMD3 is 900-915MHz, but the RX band is 900-905MHz, that is, the whole RX band is contaminated. 
From the Annex 1/ Scenario #5 DL, we can get that in all contaminated situations, the two TX CCs have separation [18MHz : 27MHz], So we can configure the two CCs separation exclude these values from [5MHz : 30MHz], if we can’t do this, we need compromise between cost and size of BS equipment and receiver performance.

Analysis on scenario 7
In this scenario, because the two TX bands is very far, so we probably use different PA for the different band, the IMD3 maybe produced in circulator and feeder, it is the passive inter-modulation, much less than the active one caused by PA. So maybe the influence may be omitted in one PA situation.

2.3 Analysis on UL

Table 2. Examples of  IMD3 falling into the RX band(UL)
	Scenario
	No of LTE-A component carriers
	Bands for LTE-A carriers
	TX band(MHz)
	IMD3 Product(MHz)
	RX band(MHz)

	1
	UL: Contiguous 2x20 MHz CCs
DL: Contiguous 4x20 MHz CCs
	3.5 GHz band
	TX:3460-3500
	Lower:3420-3540
Upper:3590-3670
	3510-3600

	2
	Contiguous 5x20 MHz CCs
	Band 40 (2.3 GHz)
	None
	None
	None

	3
	Contiguous 5x20 MHz CCs
	3.5 GHz band
	None
	None
	None

	4
	UL: Non-contiguous 20 + 20 MHz CCs
DL: Non-contiguous 2x20 + 2x20 MHz CCs
	3.5 GHz band
	TX1:3410-3430
TX2:3480-3500
	Lower:3320-3380
Upper:3530-3590
	3510-3600

	5
	UL/DL: Non-contiguous 5 MHz + 5 MHz CCs
	Band 8 (900 MHz)
	TX1:890-895
TX2:910-915
	Lower:865-880
Upper:925-940
	RX1:935-940
RX2:955-960

	6
	Non-contiguous 2x20 + 2x20 MHz CCs
	Band 38 (2.6 GHz)
	None
	None
	None

	7
	UL/DL: Non-contiguous 10 MHz CC@Band 1 + 10 MHz CC@Band 3 + 20 MHz CC@Band 7
	Band 3 (1.8 GHz)
Band 1 (2.1 GHz)
Band 7 (2.6 GHz)
	TX1:1750-1760
TX2:1940-1950
	Lower:1550-1580
Upper:2120-2150
	RX1:1845-1855
RX2:2130-2140

	8
	Non-contiguous 1x15 + 1x15 MHz CCs
	Band 1 (2.1 GHz)
Band 3 (1.8GHz)
	TX1:1750-1765
TX2:1940-1955
	Lower:1545-1590
Upper:2115-2160
	RX1:1845-1860
RX2:2130-2145

	9
	UL/DL: Non-contiguous 10 MHz CC@UHF + 10 MHz CC@Band 8
	800 MHz band
Band 8 (900 MHz)
	TX1:840-850
TX2:895-905
	Lower:775-805
Upper:940-970
	RX1:799-809
RX2:940-950

	10
	Non-contiguous 2x20 + 10 + 2x20 MHz CCs
	Band 39 (1.8GHz)
Band 34 (2.1GHz)
Band 40 (2.3GHz)
	None
	None
	None

	11
	UL: 1x20 MHz CCs
DL: 2x20 MHz CCs
	Band 7 (2.6 GHz)
	None
	None
	None

	12
	UL/DL: 20 MHz CCs@Band 7
DL: Non-contiguous 20+2x20 MHz CCs@3.5 GHz Band
	Band 7 (2.6 GHz)
3.5GHz band
	None
	None
	None


From the table 2, it is obvious that TX IMD3 product will fall into the RX band in scenario 1, 4, 5, 7, 8 in UL. In these situations, if the rejection of duplex (maybe FBAR in UE) is not enough or if the leakage of TX channel to RX channel is not enough, the RX noise floor will rise because of the TX IMD3 leakage, it will cause the desensitization of the receiver. Different from BS equipment, the UE is more limited by cost, size and feasibility, so maybe the desensitization of the receiver is need to consider carefully. The analysis of each scenario is as below:
Analysis on scenario 1
In this scenario, the component carriers are contiguous so the UE will have one PA to cover all CCs, the RX band is very near to the TX band similar to the DL. So we suggest for this scenario, the UL/DL separation should larger than 100MHz if possible, which can avoid the RX band falling into the TX IMD3 region without the desensitization of the receiver.

Analysis on scenario 4

In this scenario, the UE will also have one PA to cover both the two bands CCs, so the inter-modulation caused by PA non-linearity is also very harmful. Similar to Scenario 1, its uplink and downlink BW is asymmetrical, the RX occupied frequency band is not confirmed, and maybe it can keep away from the contaminated region. Supposed the centre frequency of two TX aggregate carriers is f1 and f2, then the RX should keep away from [2f2-f1-30, 2f2-f1+30] (f2-f1>20). In most cases, there are enough 80MHz uncontaminated region for RX. Whether we choose the suitable configuration of UL/DL separation or we can accept the desensitization of the receiver is for further discussion.

Analysis on scenario 5&9
In these two scenarios, the UE will also have one PA to cover both the two bands CCs, so the inter-modulation caused by PA non-linearity is also very harmful. Because of the symmetrical configuration of TX/RX, so when the TX band is selected, the RX band is confirmed by EARFCN. In this scenario, in terms of the frequency separation between the TX/RX is so small that in some situations the RX band is full contaminated by TX IMD3. One example in Scenario 5 in table 2 shows the Upper IMD3 is 925-940MHz, but the RX band is 935-940MHz, that is, the whole RX band is contaminated. 
From the Annex 1/ Scenario #5 UL, we can get that in all contaminated situations, the two TX CCs have separation [18MHz : 27MHz], So we can configure the two CCs separation exclude these values from [5MHz : 30MHz], if we can’t do this, we need compromise between cost and size of BS equipment and receiver performance.
In Scenario 9, similar situation exists and need desensitization. From the Annex 1/ Scenario #9 UL, we can get that in all contaminated situations, the two TX CCs have separation [30MHz : 64MHz], So we can configure the two CCs separation exclude these values from [30MHz : 70MHz], if we can’t do this, we need compromise between cost and size of BS equipment and receiver performance.
Analysis on scenario 7 & 8
In these two scenarios, because the two TX bands are very far, so it is probably use different PA for the different band, the IMD3 can be omitted in this situation. But if one wideband PA is chose in [5], the situation is similar to scenario 5.
From the Annex 1/ Scenario #7 UL, we can get that in all contaminated situations, the two TX CCs have separation [171MHz : 209MHz], So we can configure the two CCs separation exclude these values from [145MHz : 260MHz], if we can’t do this, we need compromise between cost and size of BS equipment and receiver performance.

From the Annex 1/ Scenario #8 UL, we can get that in all contaminated situations, the two TX CCs have separation [161MHz : 214MHz], So we can configure the two CCs separation exclude these values from [145MHz : 260MHz], if we can’t do this, we need compromise between cost and size of BS equipment and receiver performance.
3 Conclusion
In this contribution, we analyzed the inter-modulation produced by TX component carriers falling into the RX band which can raise the noise floor. Some suggestion is as below:
DL(BS):

Analysis on scenario 1: Because we do not have enough separation between TX and RX, so we need compromise between cost and size of BS equipment and receiver performance.
Analysis on scenario 4: We need compromise between cost and size of BS equipment and receiver performance.
Analysis on scenario 5: We can select suitable separation between two TX CCs to avoid the IMD3, if we can’t do this, we need compromise between cost and size of BS equipment and receiver performance.

UL(UE):
Analysis on scenario 1: We suggest for this scenario, the UL/DL separation should larger than 100MHz if possible, which can avoid the RX band falling into the TX IMD3 region without the desensitization of the receiver.
Analysis on scenario 4: Whether we choose the suitable configuration of TX/RX separation and the allocated RBs or we can accept the desensitization of the receiver is for further discussion.
Analysis on scenario 5&9: We can select suitable separation between two TX CCs to avoid the IMD3, if we can’t do this, we need compromise between cost and size of BS equipment and receiver performance.  
Analysis on scenario 7 & 8: In this scenario, if it is use different PA for the different band, the IMD3 can be omitted in this situation. But if one wideband PA is chose in [5], the situation is similar to scenario 5. We can select suitable separation between two TX CCs to avoid the IMD3, if we can’t do this, we need compromise between cost and size of BS equipment and receiver performance.
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Annex 1
The list of more inter-modulation situations in 1MHz channel raster in non-contiguous CA scenarios has been calculated by Matlab, each CC has step 1MHz. 
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