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[bookmark: _Toc116995841]Introduction
In RAN4#106-bis-e Nokia presented the framework surrounding triple beat analysis in [1]. Since then, additions were added to the ULCA analysis in the respective TR’s, however triple beat was still not captured. In this TP we bring again the discussion of the triple beat analysis, and we bring additionally the proposals for the changes in TR38.718-02-01, TR 38.718-03-01 and TR 38.846 to capture triple beat rules.  
Triple beat analysis
We present in Table 1 an overview of the different ULCA combinations of FDD and TDD along with special cases of simultaneous RX/TX or not. From the table we show the analysis variants of an inter-band ULCA with non-contiguous UL intra-band CA (treat contiguous UL intra-band CA with non-contiguous resource allocation similarly). Triple beat analysis are highlighted in bold.
[bookmark: _Ref126594660]Table 1: Overview of analysis for any FDD and TDD combination outlining triple beat.
	
	FDD-FDD
	FDD-TDD NC ULCA in FDD
	FDD-TDD NC ULCA in TDD
	TDD-TDD

	Simultaneous RX/TX
	MSD w. Triple beat analysis for both FDD RX bands
	1) MSD w. NC ULCA analysis into TDD band
2) MSD w. triple beat analysis only for FDD RX band
	MSD w. triple beat analysis only for FDD RX band
	MSD w. NC ULCA analysis into other TDD RX band

	Non-simultaneous RX/TX
	 
	1) MSD w. NC ULCA analysis into TDD band
2) MSD w. triple beat analysis only for FDD RX band
	MSD w. triple beat analysis only for FDD RX band
	 



For the collision check we do not see the component carrier spacing in a non-contiguous UL intra-band CA considered so far in the frequency range check calculations. We encourage that both the minimum and the maximum component carrier separation is included in the frequency range check like the non-contiguous resource allocation of as we have shown to be important.
Table 1 captures only the 2 CA cases. When a third band is included there may be triple beat impact in this third band if it is an FDD band or if the TDD operation is non-simultaneous.
Triple beat with (non-) contiguous intra-band ULCA
Same as the approach for intra-band ULCA an analysis that includes the aspects of least and largest channel/PRB separation has been made to identify the products that define the ranges for which the IMD analysis must be based. Murata and Skyworks have looked into the rules for triple beat in [2] and made the observations to look only at FDD-FDD and FDD-TDD, since non-simultaneous RX/TX TDD-TDD has no RX during TX and simultaneous RX/TX TDD-TDD will become similar to the intra-band ULCA case, as captured in Table 1. Additionally, FDD-TDD is only relevant with the impact on the FDD RX, since the TDD RX case falls into regular NC ULCA analysis.
Only the 1st order triple beat is considered since this is already a 3rd order intermodulation product. It is not expected that 2nd order harmonics of the UL signals will cause any impact due to triple beat. This is because the maximum output power of the fundamentals in triple beat already have been backed off to keep compliancy with the power class, which in turn would reduce the harmonic response even further than the back-off of the fundamental TX.
Assuming that the maximum frequency separation may be contained inside the frequency band with additional margin it is necessary to consider both lowest and highest channel allocation including the allocation of the second component carrier.  This is shown in Figure 1 in the form of the use fUxL and fUxH.



[bookmark: _Ref121230153]Figure 1: Overview of carrier bandwidth for triple beat IMD analysis
a = channel bandwidth of 1st CC in aggressor TX band
b = channel bandwidth of 2nd CC in aggressor TX band
c = minimum CC separation + ULCC1 CBW
d = maximum CC separation + ULCC1 CBW
m = channel bandwidth of ULCC in higher band
n = channel bandwidth of ULCC in lower band
fU1L = minimum frequency in TX aggressor band of ULCC1
fU2L = minimum frequency separation in TX aggressor band of ULCC2 (fU2L= fU1L+c)
fU3L = maximum frequency separation in TX aggressor band of ULCC2(fU3L= fU1L+d)
fU1H = maximum frequency in TX aggressor band of ULCC1
fU2H = minimum frequency separation in TX aggressor band of ULCC2(fU2H= fU1H-c)
fU3H = maximum frequency separation in TX aggressor band of ULCC2(fU3H= fU1H-d)
fSCCL_L = minimum frequency in singleCC lower band
fSCCL_H = maximum frequency in singleCC lower band
fSCCH_L = minimum frequency in singleCC higher band
fSCCH_H = maximum frequency in singleCC higher band
Analyzing the first order triple beat products of FDD-TDD with FDD below TDD, seeking insight into the FDD RX victim band we see from the analysis below that the channel/PRB separation determines how the triple beat extends across the FDD RX band based on the separation between the CC’s/PRBs within the TDD band. An exemplary case of CA_n28A-n77(2A) is presented in Figure 2.
Depending on the FDD duplexing topology (UL-DL or DL-UL) it will be the highest (fUL3 or fUH3) separation within the TDD band that forces the triple-beat product into the FDD RX band (in yellow in Figure 2). Notice how low- separation (fU2L - fU1L - fSCCL_H) products remain inside the UL band until the separation increases to the level that the product starts to enter the FDD RX band from the duplex gap direction. In Figure 2 only some products are shown, this is because the differences fU3L - fU1L equals fU3H - fU1H and so on. Figure 2 also captures the high side difference product range (the two TDD UL components added) subtracted the FDD TX (in blue in Figure 2) while the summation product ranges using the purple and green colors is the range located at the highest frequency range.



[bookmark: _Ref121231106][bookmark: _Ref129876918]Figure 2: Lower side FDD-TDD analysis CA_n28A-n77(2A)
Using the same intervals to determine the triple beat analysis outcome for higher side FDD-TDD we get the following outcome using the exemplary case CA_n7A-n40(2A):



[bookmark: _Ref121231110]Figure 3: Higher side FDD-TDD analysis CA_n7A-n40(2A)
The first range (lower side product) below the 2UL band (n40) adds the 2UL and subtracts the third UL (n7) (fSCCH). The next two ranges are produced by subtracting the 2UL band (n40) and respectively adding or subtracting the third UL (fSCCH). One range is determined by the lowest allocation in the single UL band, fSCCH_L (Upside 1), followed by a range determined by the highest allocation in the single UL band fSCCH_H (Upside 2). The upper range is again the sum products of all UL.
For the Upper side FDD-TDD it is the Upside 1 and Upside 2 ranges that cause the self-interference. Depending on the duplexing topology (UL-DL, DL-UL) it is either the lowest or highest frequency allocation of the single UL band (FDD in this case) that will cause the triple-beat product to fall inside the FDD RX band.
For the case of CA_n7A-n40(2A) similar to CA_n28A-n77(2A), both having (F(DL) > F(UL)) it is the highest FDD channel that will determine the triple beat range that hits the FDD RX.
The FDD-FDD case will combine the outcome of the analysis in Figure 2 and Figure 3, meaning that either of the FDD RX band may get hit.
The analysis of the ranges is shown in Table 2 for CA_n28A_n77(2A) with 10MHz channel BW,10MHz minimum separation and 600MHz maximum separation.
[bookmark: _Ref129876176]Table 2: Triple-beat products for the exemplary case CA_n28A-n77(2A)
	CC location
	fSCCL
	fSCCH
	fU1L
	fU2L
	fU3L
	fU1H
	fU2H
	fU3H

	Frequency
	703
	748
	3300
	3320
	3900
	4200
	4180
	3600

	1st order 3-beat
	I fUL3 -fUL1 - fSCCL | 
	I fUL3 -fUL1 + fSCCL | 
	I fUL3 -fUL1 - fSCCH | 
	I fUL3 -fUL1 + fSCCH | 
	I fUH1 -fUH3 - fSCCL | 
	I fUH1 -fUH3 + fSCCL | 
	I fUH1 -fUH3 - fSCCH | 
	I fUH1 -fUH3 + fSCCH | 

	
	I fUL2 -fUL1 - fSCCL | 
	I fUL2 -fUL1 + fSCCL | 
	I fUL2 -fUL1 - fSCCH | 
	I fUL2 -fUL1 + fSCCH | 
	I fUH1 -fUH2 - fSCCL | 
	I fUH1 -fUH2 + fSCCL | 
	I fUH1 -fUH2 - fSCCH | 
	I fUH1 -fUH2 + fSCCH | 

	
	I fUL3 +fUL1 - fSCCL | 
	I fUL3 +fUL1 + fSCCL | 
	I fUL3 +fUL1 - fSCCH | 
	I fUL3 +fUL1 + fSCCH | 
	I fUH1 +fUH3 - fSCCL | 
	I fUH1 +fUH3 + fSCCL | 
	I fUH1 +fUH3 - fSCCH | 
	I fUH1 +fUH3 + fSCCH | 

	
	I fUL2 +fUL1 - fSCCL | 
	I fUL2 +fUL1 + fSCCL | 
	I fUL2 +fUL1 - fSCCH | 
	I fUL2 +fUL1 + fSCCH | 
	I fUH1 +fUH2 - fSCCL | 
	I fUH1 +fUH2 + fSCCL | 
	I fUH1 +fUH2 - fSCCH | 
	I fUH1 +fUH2 + fSCCH | 

	Ranges
	103
	1303
	148
	1348
	103
	1303
	148
	1348

	
	683
	723
	728
	768
	683
	723
	728
	768

	
	6497
	7903
	6452
	7948
	7097
	8503
	7052
	8548

	
	5917
	7323
	5872
	7368
	7677
	9083
	7632
	9128



The grey cells are not relevant since these products match (the former mentioned “fUL3 - fUL1 equals fUH3 - fUH1” part). As for the rest of the products there are intervals as shown in Figure 2 also represented through colored cells. All white cells are not needed since the products they produce are inside the colored ranges. They can therefore be skipped.
Similar range analysis is shown in Table 3 for CA_n7A_n40(2A) with 10MHz channel BW, 10MHz minimum separation and 80MHz maximum separation.
[bookmark: _Ref129876900]Table 3: Triple-beat products for the exemplary case CA_n7A-n40(2A)
	CC location
	fSCCL
	fSCCH
	fU1L
	fU2L
	fU3L
	fU1H
	fU2H
	fU3H

	Frequency
	2500
	2570
	2300
	2320
	2380
	2400
	2380
	2320

	1st order 3-beat
	I fUL3 -fUL1 - fSCCL | 
	I fUL3 -fUL1 + fSCCL | 
	I fUL3 -fUL1 - fSCCH | 
	I fUL3 -fUL1 + fSCCH | 
	I fUH1 -fUH3 - fSCCL | 
	I fUH1 -fUH3 + fSCCL | 
	I fUH1 -fUH3 - fSCCH | 
	I fUH1 -fUH3 + fSCCH | 

	
	I fUL2 -fUL1 - fSCCL | 
	I fUL2 -fUL1 + fSCCL | 
	I fUL2 -fUL1 - fSCCH | 
	I fUL2 -fUL1 + fSCCH | 
	I fUH1 -fUH2 - fSCCL | 
	I fUH1 -fUH2 + fSCCL | 
	I fUH1 -fUH2 - fSCCH | 
	I fUH1 -fUH2 + fSCCH | 

	
	I fUL3 +fUL1 - fSCCL | 
	I fUL3 +fUL1 + fSCCL | 
	I fUL3 +fUL1 - fSCCH | 
	I fUL3 +fUL1 + fSCCH | 
	I fUH1 +fUH3 - fSCCL | 
	I fUH1 +fUH3 + fSCCL | 
	I fUH1 +fUH3 - fSCCH | 
	I fUH1 +fUH3 + fSCCH | 

	
	I fUL2 +fUL1 - fSCCL | 
	I fUL2 +fUL1 + fSCCL | 
	I fUL2 +fUL1 - fSCCH | 
	I fUL2 +fUL1 + fSCCH | 
	I fUH1 +fUH2 - fSCCL | 
	I fUH1 +fUH2 + fSCCL | 
	I fUH1 +fUH2 - fSCCH | 
	I fUH1 +fUH2 + fSCCH | 

	Ranges
	2420
	2580
	2490
	2650
	2420
	2580
	2490
	2650

	
	2480
	2520
	2550
	2590
	2480
	2520
	2550
	2590

	
	2180
	7180
	2110
	7250
	2220
	7220
	2150
	7290

	
	2120
	7120
	2050
	7190
	2280
	7280
	2210
	7350



The numbers in the colored cells of Table 2 and Table 3 match those shown in Figure 2 and Figure 3 respectively.
A simplified version focusing on the ranges that define the range limits (the colored cells only) A similar table as shown in Table 4 (for CA_n7A_n40(2A)) must be used for triple beat analysis.
[bookmark: _Ref129877547]Table 4: Triple beat analysis table for CA_n7A_n40(2A)
	CC location
	fU1L
	fU2L
	fU3L
	fU1H
	 
	Channel BW

	Frequency
	2300
	2320
	2380
	2400
	 
	10

	CC location
	fSCCL
	fSCCH
	fU2H
	fU3H
	 
	Min channel separation

	Frequency
	2500
	2570
	2380
	2320
	 
	10

	1st order triple beat
	I fUL3 -fUL1 - fSCCL | 
	I fUL2 -fUL1 + fSCCL | 
	I fUL2 -fUL1 - fSCCH | 
	I fUL3 -fUL1 + fSCCH | 
	 
	Max channel separation

	Ranges
	2420
	2520
	2550
	2650
	 
	80

	1st order triple beat
	I fUL2 +fUL1 - fSCCH | 
	I fUH1 +fUH2 - fSCCL | 
	I fUL2 +fUL1 + fSCCL | 
	I fUH1 +fUH2 + fSCCH | 
	 
	 

	Ranges
	2050
	2280
	7120
	7350
	 
	 



Returning to the former two exemplary cases and finishing the frequency range checks we get the following outcome. 
For CA_n28A-n77(2A) only the FDD RX is relevant and here we see an issue in the frequency range check.
	CC location
	fU1L
	fU2L
	fU3L
	fU1H
	 
	Channel BW

	Frequency
	3300
	3340
	3880
	4200
	 
	20

	CC location
	fSCCL
	fSCCH
	fU2H
	fU3H
	 
	Min channel separation

	Frequency
	703
	748
	4160
	3620
	 
	20

	1st order triple beat
	I fUL3 -fUL1 - fSCCL | 
	I fUL2 -fUL1 + fSCCL | 
	I fUL2 -fUL1 - fSCCH | 
	I fUL3 -fUL1 + fSCCH | 
	 
	Max channel separation

	Ranges
	123
	743
	708
	1328
	 
	580

	1st order triple beat
	I fUL2 +fUL1 - fSCCH | 
	I fUH1 +fUH2 - fSCCL | 
	I fUL2 +fUL1 + fSCCL | 
	I fUH1 +fUH2 + fSCCH | 
	 
	 

	Ranges
	5892
	7657
	7343
	9108
	 
	 

	 
	RX n28
	 

	fx_low
	fx_high

	758
	803

	I fUL3 -fUL1 - fSCCL | 
	I fUL2 -fUL1 + fSCCL | 
	I fUL2 -fUL1 - fSCCH | 
	I fUL3 -fUL1 + fSCCH | 

	Clear
	Issue

	I fUL2 +fUL1 - fSCCH | 
	I fUH1 +fUH2 - fSCCL | 
	I fUL2 +fUL1 + fSCCL | 
	I fUH1 +fUH2 + fSCCH | 

	Clear
	Clear



For CA_n7A-n40(2A) only the FDD RX is relevant and here we see an issue in the frequency range check.
	CC location
	fU1L
	fU2L
	fU3L
	fU1H
	
	Channel BW

	Frequency
	2300
	2340
	2380
	2400
	
	20

	CC location
	fSCCL
	fSCCH
	fU2H
	fU3H
	
	Min channel separation

	Frequency
	2500
	2570
	2360
	2320
	
	20

	1st order triple beat
	I fUL3 -fUL1 - fSCCL | 
	I fUL2 -fUL1 + fSCCL | 
	I fUL2 -fUL1 - fSCCH | 
	I fUL3 -fUL1 + fSCCH | 
	
	Max channel separation

	Ranges
	2420
	2540
	2530
	2650
	
	80

	1st order triple beat
	I fUL2 +fUL1 - fSCCH | 
	I fUH1 +fUH2 - fSCCL | 
	I fUL2 +fUL1 + fSCCL | 
	I fUH1 +fUH2 + fSCCH | 
	
	

	Ranges
	2070
	2260
	7140
	7330
	
	

	 
	RX n7
	 

	fx_low
	fx_high

	2620
	2690

	I fUL3 -fUL1 - fSCCL | 
	I fUL2 -fUL1 + fSCCL | 
	I fUL2 -fUL1 - fSCCH | 
	I fUL3 -fUL1 + fSCCH | 

	Clear
	Issue

	I fUL2 +fUL1 - fSCCH | 
	I fUH1 +fUH2 - fSCCL | 
	I fUL2 +fUL1 + fSCCL | 
	I fUH1 +fUH2 + fSCCH | 

	Clear
	Clear



We would like to return to the rules captured in [1] about same or adjacent band group as at this points and opens up for further agreement. We capture the band group rules in the TR guidelines with the proposed frequency ranges of [1] so that triple beat analysis is not conducted when the two uplink bands of the analysis are not in same or adjacent band groups according to table 1.
Table 5 : Band group definition for adjacent band-group criterion
	FR1 band group range

	Name
	FR1-1 (LB)
	FR1-2 (MB)
	FR1-3 (HB)
	FR1-4 (VHB)
	FR1-5 (UHB)

	Range (MHz)
	600-1000
	1400-2200
	2300-2700
	3300-5000
	5250-7125

	Duplex mode
	Mostly FDD
	Mostly FDD
	FDD and TDD
	TDD only
	TDD only



The restrictions on when the triple beat analysis shall be done as summarized also in the beginning of this document in Table 1, may be unclear also when taking the above discussion frequency ranges into account. It is therefore proposed to capture guidance on this in the TR 38.846 as done in [1].
[bookmark: _Toc132017662]We capture the band group rules in the TR guidelines with the proposed frequency ranges of [1] so that triple beat analysis is not conducted when the two uplink bands of the analysis are not in same or adjacent band groups according to table 1.
A TP corresponding to proposal 1 have been submitted in [3].
[bookmark: _Toc116995848]Conclusion
In the paper, the following Observations and Proposals were made:
Proposal 1: We capture the band group rules in the TR guidelines with the proposed frequency ranges of [1] so that triple beat analysis is not conducted when the two uplink bands of the analysis are not in same or adjacent band groups according to table 1.
[bookmark: _Toc116995849]References
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