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1. Introduction
In the last meeting, a method about uplink IMD analysis for dual uplink intra-band non-contiguous CA was approved. This contribution looks into the specific bands (Band 4 and Band 41) for dual uplink intra-band non-contiguous CA base on the method, and gives a TP for TR 36.833-4 for approval.   
2. Discussion
As well known that Intermodulation products generated from 2UL non-contiguous intra-band CA falling into its own DL frequency range may cause receiver self desensitization problem. In the contribution [1], the formulas for 2UL IMD overlapping with its own DL carriers was deduced and shown in the table. That is to say, we can use these formulas to judge the possibility of IMD products falling into its own DL frequency range for a band. Another problem is how much order of intermodulation should be considered for this receiver desensitization problem. From the contribution [2], it seem that the desensitization caused by third order and fifth order of IMD products can’t be ignore even that the desensitization caused by fifth order of IMD will be lower. As well known, the power level of intermodulation will go down quickly with the increasing order. So, it is reasonable to get that the 7th order is enough to weight this desensitization problem. That is to say, above 7th order of IMD products will be ignored when considering self desensitization problem due to intermodulation.
Take the band 4 for example, the parameters in the formulas are shown in figure 1.
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Figure 1, the parameters for the IMD analysis for 2UL intra-band non-contiguous CA 
For Band 4

FBW  = 45 MHz

FDUP  = 400 MHz

a :    the bandwidth of CC1
b :    the bandwidth of CC2

3rd, 5th, 7th order of intermodulation products are investigated for each supporting channel bandwidth combination base on the formulas shown in table 5.5-2.the results are concluded in the table1 

Table 1, the self desensitization problem due to IMD for CA_4A-4A
	CA 

configuration
	Aggregated channel bandwidth 
	Have self desensitization problem due to IMD?
	comments
	Duplex mode

	CA_4A-4A
	25RB + 25RB
	No
	
	FDD

	
	25RB + 50RB
	No
	
	

	
	25RB + 75RB
	No
	
	

	
	25RB + 100RB
	No
	
	

	
	50RB + 25RB
	No
	
	

	
	50RB + 50RB
	No
	
	

	
	50RB + 75RB
	No
	
	

	
	50RB + 100RB
	No
	
	

	
	75RB + 25RB
	No
	
	

	
	75RB + 50RB
	No
	
	

	
	75RB + 75RB
	No
	
	

	
	75RB + 100RB
	No
	
	

	
	100RB + 25RB
	No
	
	

	
	100RB + 50RB
	No
	
	

	
	100RB + 75RB
	No
	
	

	
	100RB + 100RB
	No
	
	


From the table, we can see that there are no the self desensitization problems for all combinations of channel bandwidths for CA_4A-4A.
Base on above analysis, Table 2 is recommended for the analysis of self desensitization problem due to IMD for dual uplink intra-band non-contiguous CA. In addition, for all TDD bands, since the UE is not receiving while it is transmitting on TDD bands, so they all have no this self desensitization problem.
Table 2: Table for the analysis of self desensitization problem for dual uplink intra-band non-contiguous CA

	CA configuration
	Aggregated channel bandwidth 

	Have self desensitization problem due to IMD?
	comments
	Duplex mode

	CA_4A-4A
	NOTE 2
	No
	
	FDD

	CA_41A-41A
	NOTE 2
	No
	
	TDD

	CA_xA-xA
	
	
	
	

	NOTE 1:
3rd, 5th, 7th order of intermodulation products should be investigated for each supporting channel bandwidth combination base on the formulas shown in table 5.5-2.

NOTE 2:  All combinations of channel bandwidths for dual uplink intra-band non-contiguous.
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Annex: Text Proposal
************************ Start of the text proposal for TR 36.833-4 ******************************
5.5
UL IMD Analysis

Intermodulation products generated from 2UL non-contiguous intra-band CA falling into its own DL frequency range may cause receiver desensitization problem, especially when the IMD products are aligned or overlapped with DL carriers. Considering the worst case scenario where the intermodulation products would align with its own downlink carriers, the analysis can be simplified by treating the carrier as a single tone as illustrated in Figure 5.x-1.     


[image: image2.emf]f

ULCC1

f

ULCC2

f

DLCC1

f

DLCC2

F

BW

F

BW

F

DUP

F

CHS

F

CHS

F

DUP


Figure 5.5-1 Tone representation of intra-band non-contiguous CA with 2 UL CC
Where a few parameters are defined as below,

fULCC1: Uplink CA carrier 1

fULCC2: Uplink CA carrier 2

fDLCC1: Downlink CA carrier 1

fDLCC2: Downlink CA carrier 2

FBW: Bandwidth of the operation band

FDUP: FDD duplex frequency distance

FCHS: Channel spacing between two CA carriers 
The frequency allocation for two-tone intermodulation products can then be depicted as in Figure 5.x-2.
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Figure 5.5-2 Frequency allocation for two-tone intermodulation products
fIMD3R and fIMD3L are the frequency location for 3rd order intermodulation product on the higher frequency side (right side to main tones) and the lower frequency side (left side to main tones), respectively. The same definition also applies to 5th order, 7th order, and further higher order intermodulation products. In this analysis, only right side intermodulation products are considered as most FDD DL bands are on the higher frequency side.

From Figure 5.x-1 and Figure 5.x-2, it can be seen that for fIMD3R to align with fDLCC1, the following condition has to be met,

FDUP = 2*FCHS or FCHS = FDUP /2     (1)

And for fIMD3R to align with fDLCC2, the following condition has to be met,

FCHS = FDUP                      (2)

Similarly, for fIMD5R to align with fDLCC1, the following condition has to be met,

FCHS = FDUP /3                   (3)

And for fIMD5R to align with fDLCC2, the following condition has to be met,

FCHS = FDUP /2                   (4)

Notice that for 5th order intermodulation product, in addition to fIMD5R, it also has a component located at the same frequency as fIMD3R since a “square” of one carrier would generate a DC component which multiplies the remaining 3rd order permutation would have an intermodulation component aligned with fIMD3R. The two aligned intermodulation components can only be differentiated if the main carriers have envelope modulation where the 5th order component would have wider bandwidth than 3rd order component. Similarly, for 7th order intermodulation product, in addition to fIMD7R, it also has a component located at the same frequency as fIMD5R and a component located at the same frequency as fIMD3R. The same scenario is applied to further higher order nonlinear terms.  

Based on this systematic pattern, a generalized formula for UL intermodulation products aligning with its DL carriers can be deduced which is summarized in Table 5.x-1.

	IMD Order
	Criteria for IMD aligning with

	
	CC1
	CC2

	3rd
	FCHS = FDUP/2
	FCHS = FDUP

	5th
	FCHS = FDUP/3
	FCHS = FDUP/2

	
	FCHS = FDUP/2
	FCHS = FDUP

	7th
	FCHS = FDUP/4
	FCHS = FDUP/3

	
	FCHS = FDUP/3
	FCHS = FDUP/2

	
	FCHS = FDUP/2
	FCHS = FDUP

	…
	…
	…

	(2N+1)th
N > 3
	FCHS = FDUP/(N+1)
	FCHS = FDUP/N

	
	FCHS = FDUP/N
	FCHS = FDUP/(N-1)

	
	FCHS = FDUP/(N-1)
	…

	
	…
	FCHS = FDUP/2

	
	FCHS = FDUP/2
	FCHS = FDUP


Table 5.5-1 Criteria for UL intermodulation products aligning with its DL carriers
For practical situation where both component carriers have finite channel bandwidth, a generic model as shown in Figure 5.x-3 is used for self-interference analysis.
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Figure 5.5-3 A generic intra-band non-contiguous CA model for UE self-interference analysis
The parameters as noted in Figure 5.x-3 can all be self-explained without further text description. Following the analogy of two-tone intermodulation analysis as described above, it can be seen that fU1L and fU2H will define the intermodulation products upper frequency boundary fIMD3RH, and fU1H and fU2L will define the lower frequency boundary fIMD3RL, as illustrated in Figure 5.x-4 (3rd order IMD in this example). From Figure 5.x-3 and Figure 5.x-4, it can be seen that for 3rd order intermodulation component to overlap with DLCC1, the following criteria has to be met,

2*(FBW – (c+d)) > FDUP and 2*(FBW – (c+d) – (a+b)) < FDUP    (5)

which can also be rearranged as,

FBW – (FDUP/2) – (a+b) < c+d < FBW – (FDUP/2)               (6)
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Figure 5.5-4 3rd order intermodulation product generated by ULCC1 and ULCC2
Similarly, for 3rd order intermodulation component to overlap with DLCC2, the following criteria has to be met,

FBW – (c+d) > FDUP – b and FBW – (c+d) – (a+b) < FDUP + b    (7)

which can also be rearranged as,

FBW – FDUP – (a+b) – b < c+d < FBW – FDUP + b              (8)

For 5th order primary intermodulation component (at higher frequency) to overlap with DLCC1, the criteria can be derived based on equations (3) and (6) as,

FBW – (FDUP/3) – (a+b) < c+d < FBW – (FDUP/3)               (9)

For 5th order secondary intermodulation component (at the same frequency as 3rd order component) to overlap with DLCC1, the criteria can be derived from equation (6) by extending both upper and lower ranges with (b/2) which accounts for the bandwidth extension (by +/- b as compared to 3rd order component) through a “square” operation of ULCC2. This results in,

FBW – (FDUP/2) – (a+b) – (b/2) < c+d < FBW – (FDUP/2) + (b/2)   (10)

Similarly, for 5th order primary intermodulation component (at higher frequency) to overlap with DLCC2, the criteria can be derived based on equations (4) and (8) as, 

FBW – (FDUP/2) – (a+b) – (b/2) < c+d < FBW – (FDUP/2) + (b/2)    (11)

For 5th order secondary intermodulation component to overlap with DLCC2, the criteria can be derived from equation (8) by extending both upper and lower ranges with b, and that is,

FBW – FDUP – (a+b) – 2b < c+d < FBW – FDUP + 2b              (12)

As intermodulation products have a fixed frequency spacing between adjacent components (FCHS as noted in Figure 5.x-2), the overlapping criteria for higher order intermodulation products can be easily deduced from a systematic pattern which was implicitly described in the above analysis. Table 5.x-2 summarizes the generalized formula for 2UL IMD overlapping with its own DL carriers which can be applied to any band and any order of intermodulation.

	IMD Order
	Criteria for IMD overlapping with

	
	CC1
	CC2

	3rd
	FBW – (FDUP/2) – (a+b) < c+d < FBW – (FDUP/2)
	FBW – FDUP – (a+b) – b < c+d < FBW – FDUP + b

	5th
	FBW – (FDUP/3) – (a+b) < c+d < FBW – (FDUP/3)
	FBW – (FDUP/2) – (a+b) – (b/2) < c+d < FBW – (FDUP/2) + (b/2)

	
	FBW – (FDUP/2) – (a+b) – (b/2) < c+d < FBW – (FDUP/2) + (b/2)
	FBW – FDUP – (a+b) – 2b < c+d < FBW – FDUP + 2b

	7th
	FBW – (FDUP/4) – (a+b) < c+d < FBW – (FDUP/4)
	FBW – (FDUP/3) – (a+b) – (b/3) < c+d < FBW – (FDUP/3) + (b/3)

	
	FBW – (FDUP/3) – (a+b) – (b/3) < c+d < FBW – (FDUP/3) + (b/3)
	FBW – (FDUP/2) – (a+b) – b < c+d < FBW – (FDUP/2) + b

	
	FBW – (FDUP/2) – (a+b) – b < c+d < FBW – (FDUP/2) + b
	FBW – FDUP – (a+b) – 3b < c+d < FBW – FDUP + 3b

	9th
	FBW – (FDUP/5) – (a+b) < c+d < FBW – (FDUP/5)
	FBW – (FDUP/4) – (a+b) – (b/4) < c+d < FBW – (FDUP/4) + (b/4)

	
	FBW – (FDUP/4) – (a+b) – (b/4) < c+d < FBW – (FDUP/4) + (b/4)
	FBW – (FDUP/3) – (a+b) – (2b/3) < c+d < FBW – (FDUP/3) + (2b/3)

	
	FBW – (FDUP/3) – (a+b) – (2b/3) < c+d < FBW – (FDUP/3) + (2b/3)
	FBW – (FDUP/2) – (a+b) – (3b/2) < c+d < FBW – (FDUP/2) + (3b/2)

	
	FBW – (FDUP/2) – (a+b) – (3b/2) < c+d < FBW – (FDUP/2) + (3b/2)
	FBW – FDUP – (a+b) – 4b < c+d < FBW – FDUP + 4b

	11th
	FBW – (FDUP/6) – (a+b) < c+d < FBW – (FDUP/6)
	FBW – (FDUP/5) – (a+b) – (b/5) < c+d < FBW – (FDUP/5) + (b/5)

	
	FBW – (FDUP/5) – (a+b) – (b/5) < c+d < FBW – (FDUP/5) + (b/5)
	FBW – (FDUP/4) – (a+b) – (b/2) < c+d < FBW – (FDUP/4) + (b/2)

	
	FBW – (FDUP/4) – (a+b) – (b/2) < c+d < FBW – (FDUP/4) + (b/2)
	FBW – (FDUP/3) – (a+b) – b < c+d < FBW – (FDUP/3) + b

	
	FBW – (FDUP/3) – (a+b) – b < c+d < FBW – (FDUP/3) + b
	FBW – (FDUP/2) – (a+b) – 2b < c+d < FBW – (FDUP/2) + 2b

	
	FBW – (FDUP/2) – (a+b) – 2b < c+d < FBW – (FDUP/2) + 2b
	FBW – FDUP – (a+b) – 5b < c+d < FBW – FDUP + 5b

	…
	…
	…

	(2N+1)th
N > 5
	FBW – (FDUP/(N+1)) – (a+b) < c+d < FBW – (FDUP/(N+1))
	FBW – (FDUP/N) – (a+b) – (b/N) < c+d < FBW – (FDUP/N) + (b/N)

	
	FBW – (FDUP/N) – (a+b) – (b/N) < c+d < FBW – (FDUP/N) + (b/N)
	FBW – (FDUP/(N-1)) – (a+b) – (2b/(N-1)) < c+d 

< FBW – (FDUP/(N-1)) + (2b/(N-1))

	
	FBW – (FDUP/(N-1)) – (a+b) – (2b/(N-1)) < c+d 

< FBW – (FDUP/(N-1)) + (2b/(N-1))
	FBW – (FDUP/(N-2)) – (a+b) – (3b/(N-2)) < c+d 

< FBW – (FDUP/(N-2)) + (3b/(N-2))

	
	FBW – (FDUP/(N-2)) – (a+b) – (3b/(N-2)) < c+d 

< FBW – (FDUP/(N-2)) + (3b/(N-2))
	FBW – (FDUP/(N-3)) – (a+b) – (4b/(N-3)) < c+d 

< FBW – (FDUP/(N-3)) + (4b/(N-3))

	
	FBW – (FDUP/(N-3)) – (a+b) – (4b/(N-3)) < c+d 

< FBW – (FDUP/(N-3)) + (4b/(N-3))
	…

	
	…
	FBW – (FDUP/2) – (a+b) – (N-1)b/2 < c+d 

< FBW – (FDUP/2) + (N-1)b/2

	
	FBW – (FDUP/2) – (a+b) – (N-1)b/2 < c+d 

< FBW – (FDUP/2) + (N-1)b/2
	FBW – FDUP – (a+b) – Nb < c+d < FBW – FDUP + Nb


Table 5.5-2 Formula for 2UL IMD overlapping with its own DL carriers
With the above analysis, the intermodulation products generated from 2UL non-contiguous intra-band CA falling into its own DL frequency range may cause receiver self desensitization problem. This will impact on the receiver performance and the defining of receiver characteristics for 2UL non-contiguous intra-band CA. The formulas for 2UL IMD overlapping with its own DL carriers was deduced and shown in the table 5.5-2.That is to say, we can use these formulas to judge the possibility of IMD products falling into its own DL frequency range for a band. Another problem is how much order of intermodulation should be considered for this receiver desensitization problem. From the contribution R4-136361, it seems that the desensitization caused by third order and fifth order of IMD products can’t be ignored even that the desensitization caused by fifth order of IMD will be very low. As well known, the power level of intermodulation will go down quickly with the increasing order. So, it is reasonable to get that the 7th order is enough to weight this desensitization problem. That is to say, above 7th order of IMD products will be ignored when considering self desensitization problem due to intermodulation.

Take the band 4 for example:

FBW  = 45 MHz

FDUP  = 400 MHz

a :    the bandwidth of CC1
b :    the bandwidth of CC2

3rd, 5th, 7th order of intermodulation products are investigated for each supporting channel bandwidth combination base on the formulas shown in table 5.5-2.the results are concluded in the table5.5-3 

Table 5.5-3, the self desensitization problem due to IMD for CA_4A-4A
	CA 

configuration
	Aggregated channel bandwidth 
	Have self desensitization problem due to IMD?
	comments
	Duplex mode

	CA_4A-4A
	25RB + 25RB
	No
	
	FDD

	
	25RB + 50RB
	No
	
	

	
	25RB + 75RB
	No
	
	

	
	25RB + 100RB
	No
	
	

	
	50RB + 25RB
	No
	
	

	
	50RB + 50RB
	No
	
	

	
	50RB + 75RB
	No
	
	

	
	50RB + 100RB
	No
	
	

	
	75RB + 25RB
	No
	
	

	
	75RB + 50RB
	No
	
	

	
	75RB + 75RB
	No
	
	

	
	75RB + 100RB
	No
	
	

	
	100RB + 25RB
	No
	
	

	
	100RB + 50RB
	No
	
	

	
	100RB + 75RB
	No
	
	

	
	100RB + 100RB
	No
	
	


From the table, we can see that there are no the self desensitization problems for all combinations of channel bandwidths for CA_4A-4A.
Base on above analysis, Table 5.5-4 is recommended for the analysis of self desensitization problem due to IMD for dual uplink intra-band non-contiguous CA. In addition, for all TDD bands, since the UE is not receiving while it is transmitting on TDD bands, they all have no this self desensitization problem.

Table 5.5-4: Table for the analysis of self desensitization problem for dual uplink intra-band non-contiguous CA

	CA configuration
	Aggregated channel bandwidth 

	Have self desensitization problem due to IMD?
	comments
	Duplex mode

	CA_4A-4A
	NOTE 2
	No
	
	FDD

	CA_41A-41A
	NOTE 2
	No
	
	TDD

	CA_xA-xA
	
	
	
	

	NOTE 1:
3rd, 5th, 7th order of intermodulation products should be investigated for each supporting channel bandwidth combination base on the formulas shown in table 5.5-2.

NOTE 2:  All combinations of channel bandwidths for dual uplink intra-band non-contiguous
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************************ End of the text proposal for TR 36.833-4 ******************************





























































































