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1. Introduction
In this document, we revisit updated measurements and conditions for band combinations that would need triple beat requirements.
2. Discussion
In RAN4#101Bis-e, a WF [1] was produced to finalize the framework of triple beat specification and finish requirements for band combinations with 2 ULCCs for release 17. The WF lists the TP guidelines.
In this contribution, we investigate the need for the 2nd order triple beat, propose the back-off levels, discuss triple beat vs frequency, and propose updated analysis and specification according to the latest guidelines.
2.1. 2nd Order Triple Beat

The WF shows that it is possible to have 1st /2nd order triple beat due to 3rd/5th order nonlinearities respectively. The 2nd order triple beat can be observed if the power levels approach the compression level of the device. In the receiver, enough filtering exists to attenuate power levels, and in the last discussion [2] we showed that the receiver triple beat dominates the transmitter triple beat. Measurements were completed recently, and it was found that RX dominates the triple beat mechanism and from the forward triple beat measurements involving the PA, the 2nd order triple beat is better than 25dBc from the 1st order triple beat when the tones are lower than 15dB below the 1dB compression point.

Observation 1: Latest measurement shows that the 2nd order triple beat is better than 25dBc from the 1st order triple beat when the tones are lower than 15dB below the 1dB compression point of the non-linear device.
Proposal 1: Based on observation 1, ignore 2nd order triple beat for 3_n41C, 25_n41C, and 8_n79C.
2.2. Power back off conditions

With 3 UL carriers, the maximum power class cannot exceed the currently approved power class 3 of +23dBm for the desired band combination. As stated earlier, the triple beat can be generated in both the transmitter and receiver. Power levels are backed off as necessary to meet NS and general requirements with and without filtering depending on UE implementation. So, it is important to practically establish the worst-case TX power scenario for each CC. The ULCA noncontiguous allocation must meet the general and/or NS requirement, and at the same time, the power class requirement must be met for all 3 CCs. However, not all TX power needs to be backed off according to the allowed MPR.
It was previously shown [2], the minimum power backoff to be taken to maximize the triple beat without violating the power class requirement is 4.78dB per carrier. This holds true for 3_n41C and 8_n79C because the allowed back-off for outer 1 noncontiguous RB allocation is 5.5dB, and usually some filtering is there in band 41 to reduce the IM3 product below -13dBm/MHz without having to backoff the extra 0.7dB.
For 25_n41C, it is a little more complicated. There is the NS_04 requirement to deal with. There could be more than 1 choice for the power back-off. The maximum triple beat occurs for 4.78dB back off per carrier to meet the power class requirement, but the NS_04 requirement cannot practically be met for IM3 to meet -25dBm/MHz. A good filter could be used for the maximum MSD. Various possible back-offs are shown in Table 2.2-1.
[image: image1.emf]Power Backoff, dB

SingleCC PCC SCC total Power, dBm

-4.78 -4.78 -4.78 23 Need very sharp NS filter, Maximum Triple Beat

-1 -10 -10 23 Practical filter, not maxmium triple beat

-0.7 -11.5 -11.5 23 Practical filter, not maxmium triple beat

-0.5 -13 -13 23 No filter not maximum triple beat


Table 2.2-1: Power back off levels and power class Vs filter quality for CA_NA or CA general requirements
Observation 2: The power back off conditions depends on the filter required to meet the CA general or CA NS requirements with a good filter leading to less power back off and a lower quality filter leading to more power backoff.
Proposal 2: Use the worst-case power back off to calculate the triple beat MSD which implies a high-quality filter. The power back-off level per ULCC carrier will be 10*log10(3) = 4.78dB backoff per carrier without violating power class.
2.3. Triple Beat Vs Tone Separation Frequency

The observed triple beat varies as a function of tone separation frequency as shown in Table 2.3-1.
[image: image2.emf]Band Combination

min max min max min max

Min/Max Tone Freq. MHz 912.5 4695 1782.5 2675 1912.5 2645

Tone Seperation, MHz

Triple Beat RX IP3, dBm 4.4 -4.2 -6.9

8_n79C 3_n41C 25_n41C

3782.5 892.5 732.5


Table 2.3-1: Triple Beat Non-Linearity Vs Tone separation frequency

Observation 3: The triple beat product increases when the frequency separation between the 3ULCCs decreases.

2.4. Updated Analysis
Measurements were done at typical conditions for the previous MSD proposal. There are slight adjustments required to cover for the worst-case non-linearity RX conditions as shown highlighted in the table. In addition, the 25_n41C MSD will depend on the updated power backoff scenario. The worst case backoff is shown and highlighted as shown in Table 2.4-1 while considering the main points listed in the WF [1] and reproduced as follows:
· Power backoff for each of 3CCs

· Must not violate the power class

· MSD is worst case when good filter is used to minimize back-off

· TB IMD at PA output

· PA-PA PCB rejection for forward PA triple beat

· Filter rejections 

· Triple beat rejection from PA to antenna

· Reverse PA TX filter rejection

· TX-RX filter rejections for TX at RX LNA input (to calculate triple beat for RX LNA)

· TB IP3 for LNA
[image: image3.emf]MSD Assumptions for DC_3_n41C and DC_25_n41C Gen. Filter Gen. Filter Poor Filter Good Filter

DC_3_n41C DC_3_n41C DC_25_n41C DC_25_n41C

Power back off for worst case Triple beat to meet any NS  NS_01 NS_01 NS_04 NS_04

P1 FDD back off dB -4.78 -4.78 -1 -4.78

P2 CC1 back off dB -4.78 -4.78 -11.5 -4.78

P3 CC2 back off dB -4.78 -4.78 -11.5 -4.78

TX Rejection at FDD band in ULCA path, dB -30 -30 -30 -30

Rejection from PA output to ANT at TB frequency, dB -30 -30 -30 -30

Antenna Isolation, dB -10 -10 -10 -10

REV TB IMD at ULCA PA output, dBm -72 -72 -82 -72

FWD TB IMD at ULCA PA output, dBm -78 -78 -85 -78

PA output to PA input PCB Isolation, dB -80 -80 -80 -80

FDD duplexer rejection TX-RX in TX band, dB -55 -55 -55 -55

ULCA TX - FDD RX rejction in TX band, dB -40 -40 -40 -40

P1 FDD leakage at LNA, dBm -30.8 -30.8 -27 -30.8

P2 CC1 leakage at LNA, dBm -30.8 -30.8 -37.5 -30.8

P3 CC2 leakage at LNA, dBm -30.8 -30.8 -37.5 -30.8

RX LNA TB IP3, dBm -3.9 -4.2 -4.8 -6.9

RX TB IMD, dBm -87.6 -87 -95.4 -81.6

REV PA TB at LNA, dBm -112 -112 -122 -112

FWD PA TB at LNA, dBm -118 -118 -125 -118

RX FE loss, dB -4 -4 -4 -4

Total TB IMD at Ant, dBm -83.6 -83.0 -91.4 -77.6

Thermal, dBm -96 -96 -96 -96

REFSENS, dBm -97 -97 -96.5 -96.5

MSD (MRC), dB 12.7 13.4 5.4 18


Table 2.4-1: Updated MSD analysis. Changes are highlighted since the contribution in [2].
2.5. Specification
Using the TP guidelines for test point parameters and the updated analysis in 2.4, the following specification is presented in Table 2.5-1
Table 2.5-1: Triple beat MSD
	NR or E-UTRA Band / Channel bandwidth / NRB / MSD

	EN-DC
Configuration
	EUTRA or NR band
	UL Fc 
(MHz)
	UL/DL 
BW (MHz)
	UL 
LCRB
	DL Fc 
(MHz)
	MSD 
(dB)
	Duplex mode
	Triple beat order

	DC_3A-n41C
	3
	1782.5
	5
	25
	1877.5
	[13.4]
	FDD
	1

	
	n41C
	2555
2635
	[80]
[80]
	[1 (RBstart=88)]
[1 (RBstart=128)]
	2555
2635
	N/A
	TDD
	N/A

	DC_25A-n41C
	25
	1912.5
	5
	25
	1992.5
	[18.0]
	FDD
	1

	
	n41C
	2545
2595
	90
100
	1 (RBstart=150)
1 (RBstart=122)
	2545
2595
	N/A
	TDD
	N/A

	DC_8A-n79C
	8
	912.5
	5
	25
	957.5
	[0]
	FDD
	1

	
	n79C
	4545
4645
	100
100
	1 (RBstart=212)
1 (RBstart=60)
	4545
4645
	N/A
	TDD
	N/A


Proposal 3: Use updated triple beat MSD per Table 2.5-1:
3. Conclusion

Observation 1: Latest measurement shows that the 2nd order triple beat is better than 25dBc from the 1st order triple beat when the tones are lower than 15dB below the 1dB compression point of the non-linear device.

Proposal 1: Based on observation 1, ignore 2nd order triple beat for 3_n41C, 25_n41C, and 8_n79C band combinations.

Observation 2: The power back off conditions depends on the filter required to meet the CA general or CA NS requirements with a good filter leading to less power back off and a lower quality filter leading to more power backoff.

Proposal 2: Use the worst-case power back off to calculate the triple beat MSD which implies a high-quality filter. The power back-off level per ULCC carrier will be 10*log10(3) = 4.78dB backoff per carrier without violating power class.

Observation 3: The triple beat product increases when the frequency separation between the 3ULCCs decreases.

Proposal 3: Use updated triple beat MSD per Table 2.5-1:
	NR or E-UTRA Band / Channel bandwidth / NRB / MSD

	EN-DC
Configuration
	EUTRA or NR band
	UL Fc 
(MHz)
	UL/DL 
BW (MHz)
	UL 
LCRB
	DL Fc 
(MHz)
	MSD 
(dB)
	Duplex mode
	Triple beat order

	DC_3A-n41C
	3
	1782.5
	5
	25
	1877.5
	[13.4]
	FDD
	1

	
	n41C
	2555
2635
	[80]
[80]
	[1 (RBstart=88)]
[1 (RBstart=128)]
	2555
2635
	N/A
	TDD
	N/A

	DC_25A-n41C
	25
	1912.5
	5
	25
	1992.5
	[18.0]
	FDD
	1

	
	n41C
	2545
2595
	90
100
	1 (RBstart=150)
1 (RBstart=122)
	2545
2595
	N/A
	TDD
	N/A

	DC_8A-n79C
	8
	912.5
	5
	25
	957.5
	[0]
	FDD
	1

	
	n79C
	4545
4645
	100
100
	1 (RBstart=212)
1 (RBstart=60)
	4545
4645
	N/A
	TDD
	N/A
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