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1. Introduction

In the case that intermodulation products formed from simultaneous 2UL transmission within the same band fall into the receive band, the degradation to reference sensitivity is expected to be very large [1].  This contribution presents the results of a study to determine which bands are affected by IM products falling from Tx into Rx as well as IM products falling into Rx bands of other services.
2. Discussion

For non-contiguous intra-band UL CA, strong intermodulation products can be formed since two simultaneous transmissions are applied to the same PA.  In [1], it is stated that when IM3 products from the transmissions fall into one of the downlink channels, the desense can be greater than 30 dB.  For this contribution, a study was conducted to evaluate which bands may be affected by this interference term.  Moreover, in addition to self-band desense, the study also included other protected bands for other systems operating within the same UE.  For this, the systems for consideration and their frequency ranges were taken from the TR for 2UL inter-band CA [2] and shown below.
Table 5.2.1-6: Table for general IMD/Harmonics analysis to protect ISM bands and GNSS

	Victim Systems
	Frequency range [MHz]
	Impact
	Regions
	Comments

	COMPASS
(Beidou)
	1559
	-
	1591
	
	
	

	Galileo
	1559
	-
	1591
	
	
	

	GLONASS
	1591
	-
	1610
	
	
	

	GPS
	1563
	-
	1587
	
	
	

	ISM band
 (2.4GHz)
	2400
	-
	2483.5
	
	US/Europe
	

	
	2400
	-
	2494
	
	Asia
	

	ISM band
 (5GHz)
	5150
	-
	5925
	
	US
	

	
	5150
	-
	5350
	
	Europe
	

	
	5470
	-
	5725
	
	
	

	
	5150
	-
	5825
	
	Asia
	


2.1. Analysis method

For each band, two component carriers were located within the uplink portion of the band.  The component carriers were placed at all possible frequency locations within the band on a 200 kHz raster whereby the carrier spacing between the two component carriers was at least the nominal spacing as defined in TS 36.101.  All possible bandwidths supported by the band for each component carrier were evaluated.  The ranges of IM2, IM3, IM5, and IM7 products were then computed according to Table 1.  If the IM product overlaps directly within the downlink channel of one of the component carriers, then interference is declared.  The simulation sums the number of interference cases tallied.  Note that only the downlink channel is considered, rather than the entire downlink band.  The downlink channel corresponds exactly to each of the component carrier uplink channels of the same bandwidth and with the Tx-Rx separation as defined for the band.  IM interference with other Rx bands, i.e., ISM, GNSS, is counted in a similar fashion.

Table 1.  IM products frequency range

	UE UL carriers
	fx_low
	fx_high
	fy_low
	fy_high

	UL frequency (MHz)
	
	
	
	

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

	2nd harmonics frequency limits (MHz) 
	
	

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

	3rd harmonics frequency limits (MHz)
	
	

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

	IMD frequency limits (MHz)
	
	

	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)
	
	

	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)
	
	

	Two-tone 5th order IMD products
	|fx_low – 4*fy_high|
	|fx_high – 4*fy_low|
	|fy_low – 4*fx_high|
	|fy_high – 4*fx_low|

	IMD frequency limits (MHz)
	
	

	Two-tone 5th order IMD products
	|fx_low + 4*fy_low|
	|fx_high + 4*fy_high|
	|fy_low + 4*fx_low|
	|fy_high + 4*fx_high|

	IMD frequency limits (MHz)
	
	

	Two-tone 5th order IMD products
	|2*fx_low – 3*fy_high|
	|2*fx_high – 3*fy_low|
	|2*fy_low – 3*fx_high|
	|2*fy_high – 3*fx_low|

	IMD frequency limits (MHz)
	
	

	Two-tone 5th order IMD products
	|2*fx_low + 3*fy_low|
	|2*fx_high + 3*fy_high|
	|2*fy_low + 3*fx_low|
	|2*fy_high + 3*fx_high|

	IMD frequency limits (MHz)
	
	

	Two-tone 7th order IMD products
	|fx_low – 6*fy_high|
	|fx_high – 6*fy_low|
	|fy_low – 6*fx_high|
	|fy_high – 6*fx_low|

	IMD frequency limits (MHz)
	
	

	Two-tone 7th order IMD products
	|fx_low + 6*fy_low|
	|fx_high + 6*fy_high|
	|fy_low + 6*fx_low|
	|fy_high + 6*fx_high|

	IMD frequency limits (MHz)
	
	

	Two-tone 7th order IMD products
	|2*fx_low – 5*fy_high|
	|2*fx_high – 5*fy_low|
	|2*fy_low – 5*fx_high|
	|2*fy_high – 5*fx_low|

	IMD frequency limits (MHz)
	
	

	Two-tone 7th order IMD products
	|2*fx_low + 5*fy_low|
	|2*fx_high + 5*fy_high|
	|2*fy_low + 5*fx_low|
	|2*fy_high + 5*fx_high|

	IMD frequency limits (MHz)
	
	

	Two-tone 7th order IMD products
	|3*fx_low – 4*fy_high|
	|3*fx_high – 4*fy_low|
	|3*fy_low – 4*fx_high|
	|3*fy_high – 4*fx_low|

	IMD frequency limits (MHz)
	
	

	Two-tone 7th order IMD products
	|3*fx_low + 4*fy_low|
	|3*fx_high + 4*fy_high|
	|3*fy_low + 4*fx_low|
	|3*fy_high + 4*fx_high|

	IMD frequency limits (MHz)
	
	


For this analysis, we highlight the following deficiencies.  Only IM2, IM3, IM5, and IM7 terms were considered.  It is not yet quantified and agreed which terms affect sensitivity.  It is clear that IM2 and IM3 affect sensitivity and it is likely that IM5 also does, but IM7 still requires evaluation.  Also, IM4 was not considered in this study.  Further, this study only includes direct overlap with the downlink channel.  If the IM product falls within a frequency adjacent to the downlink channel, it is not counted.  Lastly, the study assumes that the bandwidth of the uplink matches the bandwidth of the downlink and that the separation conforms to the standard Tx-Rx frequency separation defined for the band.  Therefore, non-symmetric uplink/downlink bandwidths or non-conventional Tx-Rx separations are not considered in this analysis.  If any of these assumptions and simplifications are altered, the analysis should be modified acccordingly and re-run.
2.2. Simulation results

The simulation results are shown in the Tables below for all bands.  At this point in time, work items exist for 2UL NC intra-band only in Band 4 for FDD and Band 41 for TDD.  For these cases, we observe that
· Band 4:  IM7 into GNSS, IM3/5/7 into ISM 5 GHz

· Band 41:  IM3/5/7 into ISM 2.4 GHz, IM2 into ISM 5 GHz
Table 2.  Instances of self band desense caused by IM interference

[image: image1.emf]Band IM2 IM3 IM5 IM7

1 0 0 0 95676

2 0 268764 810900 1038664

3 0 447660 1277688 1627106

4 0 0 0 0

5 0 4350 56772 97636

7 0 63102 512760 914052

8 0 70368 211812 245560

9 0 0 7344 76330

10 0 0 0 0

11 0 0 5448 16986

12 0 3168 24304 40204

13 0 0 0 580

14 0 0 12 632

17 0 0 744 2404

18 0 0 24 2836

19 0 0 24 2836

20 0 29704 103936 121468

21 0 0 0 2106

22 0 452706 1224900 1535800

23 0 0 0 0

24 0 0 24 23760

25 0 388524 1043400 1261258

26 0 94560 251008 284756

27 0 0 3024 17488

28 0 199188 461982 514756

30 0 0 0 0

31 0 16 412 592

33 0 0 0 0

34 0 0 0 0

35 0 0 0 0

36 0 0 0 0

37 0 0 0 0

38 0 0 0 0

39 0 0 0 0

40 0 0 0 0

41 0 0 0 0

42 0 0 0 0

43 0 0 0 0

44 0 0 0 0

Self band Rx


Table 3.  Instances of GNSS desense caused by IM interference.

[image: image2.emf]Band IM2 IM3 IM5 IM7 IM2 IM3 IM5 IM7 IM2 IM3 IM5 IM7 IM2 IM3 IM5 IM7

1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

3 0 0 149028 746532 0 0 149028 746532 0 0 360180 896484 0 0 113664 666600

4 0 0 0 21108 0 0 0 21108 0 0 0 95364 0 0 0 12252

5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

7 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

8 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

10 0 0 192 190704 0 0 192 190704 0 0 42096 317244 0 0 0 166800

11 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

12 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

13 738 0 0 0 738 0 0 0 0 0 0 0 738 0 0 0

14 738 0 0 0 738 0 0 0 400 0 0 0 738 0 0 0

17 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

18 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

19 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

20 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

21 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

22 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

23 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

24 0 0 54456 111220 0 0 54456 111220 0 32184 124850 140848 0 0 42048 99302

25 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

26 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

27 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

28 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

30 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

31 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

33 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

34 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

35 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

36 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

37 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

38 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

39 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

40 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

41 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

42 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

43 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

44 714800 0 0 0 714800 0 0 0 52308 0 0 0 581988 0 0 0

Beidou (1559 - 1591) Galileo (1559 - 1591) GLONASS (1591 - 1610) GPS (1563 - 1587)


Table 4.  Instances of ISM 2.4 and 5 GHz desense caused by IM interference.

[image: image3.emf]Band IM2 IM3 IM5 IM7 IM2 IM3 IM5 IM7 IM2 IM3 IM5 IM7 IM2 IM3 IM5 IM7 IM2 IM3 IM5 IM7 IM2 IM3 IM5 IM7

1 0 0 0 0 0 0 0 0 0 1179432 1179432 1179432 0 0 0 0 0 0 98304 435976 0 655814 1023708 1096428

2 0 0 0 0 0 0 0 0 0 2112940 2112940 2112940 0 0 0 0 0 2112940 2112940 2092480 0 2112940 2112940 2112940

3 0 0 0 0 0 0 0 0 0 3602830 3606854 3607316 0 3602830 3352586 2991116 0 0 0 115344 0 3602830 3606854 3607316

4 0 0 0 0 0 0 0 0 0 1018570 1022594 1023056 0 1018570 1022594 1023056 0 0 0 0 0 1018570 1022594 1023056

5 0 16490 126884 153284 0 72990 156670 172500 0 0 0 194368 0 0 0 0 0 0 0 0 0 0 0 118274

7 0 689083 1407022 1518552 0 986322 1543504 1583254 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

8 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

9 0 0 0 0 0 0 0 0 0 237382 237382 237382 0 237382 237382 237382 0 0 0 0 0 237382 237382 237382

10 0 0 0 0 0 0 0 0 0 1179422 1179432 1179432 0 1179422 1179432 1146768 0 0 0 0 0 1179422 1179432 1179432

11 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

12 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

13 0 0 0 0 0 0 0 0 0 0 0 738 0 0 0 0 0 0 0 738 0 0 0 738

14 0 0 440 732 0 0 440 732 0 0 0 738 0 0 0 0 0 0 0 738 0 0 0 738

17 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

18 0 8154 8154 8154 0 8154 8154 8154 0 0 0 8154 0 0 0 0 0 0 0 4430 0 0 0 8154

19 0 0 3348 6748 0 190 7078 8048 0 0 0 8154 0 0 0 0 0 0 0 0 0 0 0 3166

20 0 0 38398 86604 0 0 72426 105770 0 0 0 126270 0 0 0 0 0 0 0 0 0 0 0 0

21 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

22 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

23 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

24 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

25 0 0 0 0 0 0 0 0 0 2566150 2566150 2566150 0 0 0 0 0 2561410 2565434 2524136 0 2566150 2566150 2566150

26 0 298604 437000 457232 0 382920 466786 476448 0 0 0 504484 0 0 0 0 0 0 0 64070 0 0 0 428390

27 0 64038 64038 63822 0 64038 64038 63942 0 0 0 64038 0 0 0 0 0 0 0 61938 0 0 0 64038

28 0 0 0 0 0 0 0 0 0 0 0 397072 0 0 0 397072 0 0 0 0 0 0 0 397072

30 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

31 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

33 0 0 0 0 0 0 0 0 0 29182 29182 29182 0 0 0 0 0 24236 28968 29182 0 29182 29182 29182

34 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

35 0 0 0 0 0 0 0 0 0 2112940 2112940 2112940 0 0 0 0 0 2112940 2112940 2092480 0 2112940 2112940 2112940

36 0 0 0 0 0 0 0 0 0 2037936 2091196 2101068 0 0 0 0 0 0 0 280224 0 310018 1355256 1608582

37 0 0 0 0 0 0 0 0 0 29182 29182 29182 0 0 0 0 0 0 13910 22918 0 29182 29182 29182

38 0 0 19584 206064 0 0 60144 279406 712776 0 0 0 712776 0 0 0 0 0 0 0 712776 0 0 0

39 0 0 0 0 0 0 0 0 0 365792 365792 365792 0 0 0 0 0 360846 365578 365792 0 365792 365792 365792

40 0 2834288 3278626 3055108 0 2836142 3382222 3186496 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

41 0 8055942 8602026 7878856 0 9142322 9243562 831016213955774 0 0 013930734 0 0 0 0 0 0 013955774 0 0 0

42 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

43 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

44 0 8884 2096750 2754012 0 8884 2101322 2834364 0 0 0 5227942 0 0 0 4631786 0 0 0 1865944 0 0 0 5227942

ISM 2.4 GHz (Asia) (2400 - 2494) ISM 5 GHz (US) (5150 - 5925) ISM 5 GHz (EU low range) (5150 - 5350) ISM 5 GHz (EU high range) (5470 - 5725) ISM 5 GHz (Asia) (5150 - 5825) ISM 2.4 GHz (US/EU) (2400 - 2483.5)


3. Conclusion
The 2nd, 3rd, 5th, and 7th order intermodulation products resulting from 2UL NC intra-band CA have been studied to determine if they interfere with self Rx or other protected bands.  In general, the impact can be significant for most bands.  In particular, for Band 4 and Band 41, the impact is as follows

· Band 4:  IM7 into GNSS, IM3/5/7 into ISM 5 GHz

· Band 41:  IM3/5/7 into ISM 2.4 GHz, IM2 into ISM 5 GHz
The magnitude of the desense requires further investigation.
Reference
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[2] TR 36.850, “LTE Advanced Dual Uplink Inter-band Carrier Aggregation,” v0.5.0 (2014-01).

<<< Start of TP >>>

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.     
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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

A study was conducted to evaluate which bands may be affected by intermodulation inteference from dual uplink transmissions.  Moreover, in addition to self-band desense, the study also included other protected bands for other systems operating within the same UE.  For this, the systems for consideration and their frequency ranges were taken from the TR 36.850 for 2UL inter-band CA  and shown below.

Table 5.5-3: Table for general IMD/Harmonics analysis to protect ISM bands and GNSS

	Victim Systems
	Frequency range [MHz]
	Impact
	Regions
	Comments

	COMPASS
(Beidou)
	1559
	-
	1591
	
	
	

	Galileo
	1559
	-
	1591
	
	
	

	GLONASS
	1591
	-
	1610
	
	
	

	GPS
	1563
	-
	1587
	
	
	

	ISM band
 (2.4GHz)
	2400
	-
	2483.5
	
	US/Europe
	

	
	2400
	-
	2494
	
	Asia
	

	ISM band
 (5GHz)
	5150
	-
	5925
	
	US
	

	
	5150
	-
	5350
	
	Europe
	

	
	5470
	-
	5725
	
	
	

	
	5150
	-
	5825
	
	Asia
	


For each band, two component carriers were located within the uplink portion of the band.  The component carriers were placed at all possible frequency locations within the band on a 200 kHz raster whereby the carrier spacing between the two component carriers was at least the nominal spacing as defined in TS 36.101.  All possible bandwidths supported by the band for each component carrier were evaluated.  The ranges of IM2, IM3, IM5, and IM7 products were then computed according to Table 5.5-4.  If the IM product overlaps directly within the downlink channel of one of the component carriers, then interference is declared.  The simulation sums the number of interference cases tallied.  Note that only the downlink channel is considered, rather than the entire downlink band.  The downlink channel corresponds exactly to each of the component carrier uplink channels of the same bandwidth and with the Tx-Rx separation as defined for the band.  IM interference with other Rx bands, i.e., ISM, GNSS, is counted in a similar fashion.

Table 5.5-4.  IM products frequency range

	UE UL carriers
	fx_low
	fx_high
	fy_low
	fy_high

	UL frequency (MHz)
	
	
	
	

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

	2nd harmonics frequency limits (MHz) 
	
	

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

	3rd harmonics frequency limits (MHz)
	
	

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

	IMD frequency limits (MHz)
	
	

	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)
	
	

	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)
	
	

	Two-tone 5th order IMD products
	|fx_low – 4*fy_high|
	|fx_high – 4*fy_low|
	|fy_low – 4*fx_high|
	|fy_high – 4*fx_low|

	IMD frequency limits (MHz)
	
	

	Two-tone 5th order IMD products
	|fx_low + 4*fy_low|
	|fx_high + 4*fy_high|
	|fy_low + 4*fx_low|
	|fy_high + 4*fx_high|

	IMD frequency limits (MHz)
	
	

	Two-tone 5th order IMD products
	|2*fx_low – 3*fy_high|
	|2*fx_high – 3*fy_low|
	|2*fy_low – 3*fx_high|
	|2*fy_high – 3*fx_low|

	IMD frequency limits (MHz)
	
	

	Two-tone 5th order IMD products
	|2*fx_low + 3*fy_low|
	|2*fx_high + 3*fy_high|
	|2*fy_low + 3*fx_low|
	|2*fy_high + 3*fx_high|

	IMD frequency limits (MHz)
	
	

	Two-tone 7th order IMD products
	|fx_low – 6*fy_high|
	|fx_high – 6*fy_low|
	|fy_low – 6*fx_high|
	|fy_high – 6*fx_low|

	IMD frequency limits (MHz)
	
	

	Two-tone 7th order IMD products
	|fx_low + 6*fy_low|
	|fx_high + 6*fy_high|
	|fy_low + 6*fx_low|
	|fy_high + 6*fx_high|

	IMD frequency limits (MHz)
	
	

	Two-tone 7th order IMD products
	|2*fx_low – 5*fy_high|
	|2*fx_high – 5*fy_low|
	|2*fy_low – 5*fx_high|
	|2*fy_high – 5*fx_low|

	IMD frequency limits (MHz)
	
	

	Two-tone 7th order IMD products
	|2*fx_low + 5*fy_low|
	|2*fx_high + 5*fy_high|
	|2*fy_low + 5*fx_low|
	|2*fy_high + 5*fx_high|

	IMD frequency limits (MHz)
	
	

	Two-tone 7th order IMD products
	|3*fx_low – 4*fy_high|
	|3*fx_high – 4*fy_low|
	|3*fy_low – 4*fx_high|
	|3*fy_high – 4*fx_low|

	IMD frequency limits (MHz)
	
	

	Two-tone 7th order IMD products
	|3*fx_low + 4*fy_low|
	|3*fx_high + 4*fy_high|
	|3*fy_low + 4*fx_low|
	|3*fy_high + 4*fx_high|

	IMD frequency limits (MHz)
	
	


For this analysis, we highlight the following deficiencies.  Only IM2, IM3, IM5, and IM7 terms were considered.  It is not yet quantified and agreed which terms affect sensitivity.  It is clear that IM2 and IM3 affect sensitivity and it is likely that IM5 also does, but IM7 still requires evaluation.  Also, IM4 was not considered in this study.  Further, this study only includes direct overlap with the downlink channel.  If the IM product falls within a frequency adjacent to the downlink channel, it is not counted.  Lastly, the study assumes that the bandwidth of the uplink matches the bandwidth of the downlink and that the separation conforms to the standard Tx-Rx frequency separation defined for the band.  Therefore, non-symmetric uplink/downlink bandwidths or non-conventional Tx-Rx separations are not considered in this analysis.  If any of these assumptions and simplifications are altered, the analysis should be modified acccordingly and re-run.

The simulation results are shown in the Tables below for all bands.  At this point in time, work items exist for 2UL NC intra-band only in Band 4 for FDD and Band 41 for TDD.  For these cases, we observe that

· Band 4:  IM7 into GNSS, IM3/5/7 into ISM 5 GHz

· Band 41:  IM3/5/7 into ISM 2.4 GHz, IM2 into ISM 5 GHz
Table 5.5-5.  Instances of self band desense caused by IM interference

[image: image8.emf]Band IM2 IM3 IM5 IM7

1 0 0 0 95676

2 0 268764 810900 1038664

3 0 447660 1277688 1627106

4 0 0 0 0

5 0 4350 56772 97636

7 0 63102 512760 914052

8 0 70368 211812 245560

9 0 0 7344 76330

10 0 0 0 0

11 0 0 5448 16986

12 0 3168 24304 40204

13 0 0 0 580

14 0 0 12 632

17 0 0 744 2404

18 0 0 24 2836

19 0 0 24 2836

20 0 29704 103936 121468

21 0 0 0 2106

22 0 452706 1224900 1535800

23 0 0 0 0

24 0 0 24 23760

25 0 388524 1043400 1261258

26 0 94560 251008 284756

27 0 0 3024 17488

28 0 199188 461982 514756

30 0 0 0 0

31 0 16 412 592

33 0 0 0 0

34 0 0 0 0

35 0 0 0 0

36 0 0 0 0

37 0 0 0 0

38 0 0 0 0

39 0 0 0 0

40 0 0 0 0

41 0 0 0 0

42 0 0 0 0

43 0 0 0 0

44 0 0 0 0

Self band Rx


Table 5.5-6.  Instances of GNSS desense caused by IM interference.

[image: image9.emf]Band IM2 IM3 IM5 IM7 IM2 IM3 IM5 IM7 IM2 IM3 IM5 IM7 IM2 IM3 IM5 IM7

1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

3 0 0 149028 746532 0 0 149028 746532 0 0 360180 896484 0 0 113664 666600

4 0 0 0 21108 0 0 0 21108 0 0 0 95364 0 0 0 12252

5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

7 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

8 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

10 0 0 192 190704 0 0 192 190704 0 0 42096 317244 0 0 0 166800

11 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

12 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

13 738 0 0 0 738 0 0 0 0 0 0 0 738 0 0 0

14 738 0 0 0 738 0 0 0 400 0 0 0 738 0 0 0

17 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

18 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

19 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

20 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

21 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

22 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

23 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

24 0 0 54456 111220 0 0 54456 111220 0 32184 124850 140848 0 0 42048 99302

25 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

26 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

27 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

28 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

30 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

31 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

33 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

34 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

35 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

36 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

37 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

38 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

39 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

40 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

41 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

42 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

43 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

44 714800 0 0 0 714800 0 0 0 52308 0 0 0 581988 0 0 0

Beidou (1559 - 1591) Galileo (1559 - 1591) GLONASS (1591 - 1610) GPS (1563 - 1587)


Table 5.5-7.  Instances of ISM 2.4 and 5 GHz desense caused by IM interference.

[image: image10.emf]Band IM2 IM3 IM5 IM7 IM2 IM3 IM5 IM7 IM2 IM3 IM5 IM7 IM2 IM3 IM5 IM7 IM2 IM3 IM5 IM7 IM2 IM3 IM5 IM7

1 0 0 0 0 0 0 0 0 0 1179432 1179432 1179432 0 0 0 0 0 0 98304 435976 0 655814 1023708 1096428

2 0 0 0 0 0 0 0 0 0 2112940 2112940 2112940 0 0 0 0 0 2112940 2112940 2092480 0 2112940 2112940 2112940

3 0 0 0 0 0 0 0 0 0 3602830 3606854 3607316 0 3602830 3352586 2991116 0 0 0 115344 0 3602830 3606854 3607316

4 0 0 0 0 0 0 0 0 0 1018570 1022594 1023056 0 1018570 1022594 1023056 0 0 0 0 0 1018570 1022594 1023056

5 0 16490 126884 153284 0 72990 156670 172500 0 0 0 194368 0 0 0 0 0 0 0 0 0 0 0 118274

7 0 689083 1407022 1518552 0 986322 1543504 1583254 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

8 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

9 0 0 0 0 0 0 0 0 0 237382 237382 237382 0 237382 237382 237382 0 0 0 0 0 237382 237382 237382

10 0 0 0 0 0 0 0 0 0 1179422 1179432 1179432 0 1179422 1179432 1146768 0 0 0 0 0 1179422 1179432 1179432

11 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

12 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

13 0 0 0 0 0 0 0 0 0 0 0 738 0 0 0 0 0 0 0 738 0 0 0 738

14 0 0 440 732 0 0 440 732 0 0 0 738 0 0 0 0 0 0 0 738 0 0 0 738

17 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

18 0 8154 8154 8154 0 8154 8154 8154 0 0 0 8154 0 0 0 0 0 0 0 4430 0 0 0 8154

19 0 0 3348 6748 0 190 7078 8048 0 0 0 8154 0 0 0 0 0 0 0 0 0 0 0 3166

20 0 0 38398 86604 0 0 72426 105770 0 0 0 126270 0 0 0 0 0 0 0 0 0 0 0 0

21 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

22 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

23 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

24 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

25 0 0 0 0 0 0 0 0 0 2566150 2566150 2566150 0 0 0 0 0 2561410 2565434 2524136 0 2566150 2566150 2566150

26 0 298604 437000 457232 0 382920 466786 476448 0 0 0 504484 0 0 0 0 0 0 0 64070 0 0 0 428390

27 0 64038 64038 63822 0 64038 64038 63942 0 0 0 64038 0 0 0 0 0 0 0 61938 0 0 0 64038

28 0 0 0 0 0 0 0 0 0 0 0 397072 0 0 0 397072 0 0 0 0 0 0 0 397072

30 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

31 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

33 0 0 0 0 0 0 0 0 0 29182 29182 29182 0 0 0 0 0 24236 28968 29182 0 29182 29182 29182

34 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

35 0 0 0 0 0 0 0 0 0 2112940 2112940 2112940 0 0 0 0 0 2112940 2112940 2092480 0 2112940 2112940 2112940

36 0 0 0 0 0 0 0 0 0 2037936 2091196 2101068 0 0 0 0 0 0 0 280224 0 310018 1355256 1608582

37 0 0 0 0 0 0 0 0 0 29182 29182 29182 0 0 0 0 0 0 13910 22918 0 29182 29182 29182

38 0 0 19584 206064 0 0 60144 279406 712776 0 0 0 712776 0 0 0 0 0 0 0 712776 0 0 0

39 0 0 0 0 0 0 0 0 0 365792 365792 365792 0 0 0 0 0 360846 365578 365792 0 365792 365792 365792

40 0 2834288 3278626 3055108 0 2836142 3382222 3186496 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

41 0 8055942 8602026 7878856 0 9142322 9243562 831016213955774 0 0 013930734 0 0 0 0 0 0 013955774 0 0 0

42 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

43 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

44 0 8884 2096750 2754012 0 8884 2101322 2834364 0 0 0 5227942 0 0 0 4631786 0 0 0 1865944 0 0 0 5227942

ISM 2.4 GHz (Asia) (2400 - 2494) ISM 5 GHz (US) (5150 - 5925) ISM 5 GHz (EU low range) (5150 - 5350) ISM 5 GHz (EU high range) (5470 - 5725) ISM 5 GHz (Asia) (5150 - 5825) ISM 2.4 GHz (US/EU) (2400 - 2483.5)


<<< End of TP >>>
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