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1. Introduction
In RAN#77 meeting, CA combinations for Band 71 have been introduced in [1] for 2DL/1UL and [2] for 3DL/1UL. In this contribution we study B2 and B71 CA Harmonic 3 related issues. CA_2A-71A is introduced in [1] and also is a fall back combinations for multiple cases in [2].
2. Discussion
New CA combinations, including Band 71, have been introduced in RAN#77 for 2DL/1UL [1] and 3DL/1UL[2]. In both cases, CA_2A-71A is used as the main or fall back combination. In this contribution we study the 3rd harmonic spurious responses related to this combination.
2.1. 3rd Harmonic Related Interference Issues for CA_2A-71A
Table 1 provides the B71 UL and DL harmonic 3 ranges. It can be observed that B71 UL 3rd harmonic range has a 1MHz overlap with B2 DL and that B71 DL 3rd harmonic range overlaps with almost the entire B2 UL range. 
Table 1: 3rd harmonic relation between B71 and B2 in UL and DL

	
	UL [MHz]
	DL [MHz]

	B2
	1850
	1910
	1930
	1990

	B71
	663
	698
	617
	652

	B71 3F0
	1989
	2094
	1851
	1956


Observation 1: When using the full band definitions range:

· B71 UL lowest channel H3 has 1 MHz overlap with B2 DL highest channel leading to potential B2 de-sense. 

· B71 DL H3 overlap with the entire B2 UL leading to potential B71 de-sense via 3rd order spurious reception.
Table 2: B71 UL lowest channel H3 position versus B2 DL highest channel

	B71 CH BW [MHz]
	min B71TX RB freq [MHz]
	min B71TX H3 RB freq [MHz]
	B2 CH BW [MHz]

	
	
	
	5
	10
	15
	20

	
	
	
	max B2RX RB freq [MHz]

	
	
	
	1989.8
	1989.5
	1989.3
	1989

	5
	663.25
	1989.8
	Edge
	 

	10
	663.5
	1990.5
	 
	    Adjacent

	15
	663.75
	1991.3
	
	

	20
	664
	1992
	
	


Since the overlap of B71 UL H3 with B2 DL is very small, Table 2 looks further into the potential overlap of B71 UL resource blocks 3rd harmonic and B2 DL resource blocks for the channel bandwidths combinations of CA_2A-71A. With these further detailed calculations, it can be found that there is no direct hit of B71 TX H3 with B2 RX and that the worst case is for the 5MHz B71 and 5MHz B2 combination where interfering H3 UL RBs from B71 are edge to edge with B2 DL RBs.
Observation 2: When using exact RB allocations:

· There is no direct overlap of B71 UL RBs H3 with B2 DL RBs. 

· Worst case 5MHz B71 UL H3 vs B2 5MHz DL may still lead to B2 highest channel MSD due to outskirts of B71 H3 spectrum.
2.2. MSD Due to B71 UL H3 Interference
MSD Due to B71 UL H3 Interference to 5MHz B2 Highest Channel

To investigate how much of the B71 5MHz H3 outskirts fall into B2 DL, direct Band 71 PA output 5MHz channel H3 has been measured for 1RB and full allocation (after a 20dB attenuator). It is to be noted that this PA does not have a 3rd harmonic trap and that a 25dBc image is used to mimic an image and carrier leakage of 28dBc each. The measurement is done for 1dB MPR 33dBc EUTRA ACLR, which is equivalent to the 33dBc UTRA1 ACLR limit for this channel with full allocation. The 1RB case is measured with 1dB higher power. Figure 1 shows the fundamental to H3 harmonic rejection (1RB0 case) while Figure 2 shows H3 spectrum for full and 1RB0 allocations with resulting leaking power falling into B2 5MHz channel.
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Figure 1: Harmonic rejection at PA output
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Figure 2: Measured 5MHz B71 UL H3 spectrum power in B2 DL 5MHz channel for 25RB full allocation and 1RB0 edge allocation.
From Figure 1 it can be seen that harmonic 3 rejection is in excess of 47dB. From Figure 2 it can be seen that the worst case power leaking into B2 RX RBs is for the 1RB0 B71 H3 due to image symmetrisation in the PA. The measured leakage in B2 is -54.7dBm after a 20dB attenuator (19.8dB attenuation calibrated), thus -34.9dBm at PA output.
Observation 3:
· Harmonic 3 rejection at PA output is >47dB

· Power leaking into B2 5MHz RX is -34.9dBm at PA output
To further calculate the B2 MSD due to this B71 H3 interference the following inputs are used:

· B71 Duplexer TX side suppression at H3 >45dB (55dB measured typically)

· LB/MB diplexer attenuation >25dB (30dB typical, better for some vendors)
· 10dB main to diversity antenna isolation

Based on this, the MSD is calculated taking into account MRC combining and reported in Table 3. Starting from and equivalent interfering power in B2 of:

· at the main antenna of: -34.9dBm-45dB-25dB=-104.9dBm
· at the diversity antenna of: -114.9dBm

Table 3: MSD calculations after MRC combining for integrated module solution
	
	Main
	Diversity
	unit

	B71 H3 leakage in B2 5MHz channel
	-104.9
	-114.9
	dBm

	B2 REFSENS
	-98.0
	dBm

	B2 REFSENS noise floor
	-94.0
	dBm

	combined floor
	-93.66
	-93.96
	dBm

	de-sense
	0.34
	0.04
	dB

	MSD after MRC combining
	0.18
	dB


Observation 4: Negligible MSD is observed for the worst case combination and integrated front end components.

It should be noted that the above calculations assume an integrated module solution where high PA to LNA isolation is achieved. In the case of a discrete implementation, PA output to LNA input isolation could bypass some of the interfering signal to the diversity LNA. Assuming at least 67dB isolation, up to 4dB B2 RX front end loss, the equivalent interfering power at both antennas is: -34.9dBm-67dB+4dB=-97.9dBm.Table 4 show the calculated MSD for this case when both the direct path from Table 3 and leakage paths are added.
Table 4: MSD calculations after MRC combining for discrete implementation
	
	Main
	Diversity
	unit

	B71 H3 leakage in B2 5MHz channel
	-97.11
	-97.81
	dBm

	B2 REFSENS
	-98.0
	dBm

	B2 REFSENS noise floor
	-94.0
	dBm

	combined floor
	-92.27
	-92.49
	dBm

	de-sense
	1.73
	1.51
	dB

	MSD after MRC combining
	1.62
	dB


Observation 5: 1.6dB MSD is observed for the worst case combination and discrete implementation.

MSD Due to B71 UL H3 Interference to Other B2 Channel Bandwidths

In order to verify that the 5MHz is the only case that could suffer some MSD, the H3 leakage of the worst case 5MHz B71 UL 1RB0 allocation has been measured within the 10, 15 and 20MHz B2 Highest channels and plotted in Figure 3. All the results have at least a 3dB lower interfering power (there is noise floor contribution in the measurement which is thus pessimistic) than in the previous case. Since REFSENS gets higher with larger bandwidths, MSD is less than 0.5dB for the 10MHz B2 RX channel case and even lower for wider bandwidths, thus MSD can be neglected for the higher BW combinations.
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Figure 3: Measured interference of B71 5MHz H3 to 10/15/20MHz B2 DL top channels
Observation 6: No MSD is anticipated for CA_2A-71A bandwidth combinations other than 5MHz/5MHz
Proposal: A 1.6dB MSD is accounted for CA_2A-71A for the 5MHz highest B2 channel when combined the lowest 5MHz B71 UL channel only. The following Table is proposed for the B71 UL H3 de-sense of Band 2 for insertion in 36.101.
	Channel bandwidth

	EUTRA CA Configuration
	EUTRA band
	1.4 MHz
(dBm)
	3 MHz
(dBm)
	5 MHz
(dBm)
	10 MHz
(dBm)
	15 MHz
(dBm)
	20 MHz
(dBm)
	Duplex mode

	CA_2A-71A
	2
	 
	 
	-96.4XX
	-95
	-93.2
	-92
	FDD

	
	71
	 
	 
	-97.2
	-94.2
	-92.0
	-87.5
	TDD

	NOTE XX: REFSENS relaxation is only valid for the combination of the lowest 5MHz B71 UL channel and the highest 5MHz B2 DL channel.


2.3. B71 MSD due to B2 UL 3rd order Spurious Reception

As can be seen from the calculation in 2.2 the MSD related to B71 UL H3 interference is negligible and limited to a unique B71 and B2 channel combination. It is not the case for the potential 3rd order spurious receive of B2 UL by B71 receiver which has an almost entire B2 overlap.
In this part, we will make a crude estimation of this issue for the case of integrated front-end modules which embeds the PA, filters, switches and LNA for the low bands, which enables better control of leakage paths. Although this cannot constitute the reference architecture to derive minimum requirement, it is worth estimating the achievable performance.
Assuming a worst case combination of 5MHz B2 UL and 5MHz B71 DL the MSD calculation are done in Table 4. It relies on similar suppression of B2 UL at the B71 LNA input than for the B71UL at B2 RX input, thanks to similar rejection performance from the MB/LB diplexer and B71 duplexer.
Table 5: MSD calculations for 3rd order spurious response for B71 RX in B2 TX

	
	Main 
	Diversity
	

	Pout B2 5MHz full allocation UL
	22
	dBm

	LB/MB diplexer isolation at B2 UL
	25
	dB

	B71 duplexer RX attenuation at B2 UL
	45
	dB

	diversity antenna isolation
	na
	15
	dB

	B71 LNA attenuation at B2 UL
	10
	dB

	B71 Mixer 3rd order gain vs 1st order
	-25
	dB

	Equivalent interfering power at  antenna
	-83
	-98
	dBm

	B71 REFSENS for 5MHz
	-97.2
	dBm

	B71 REFSENS noise floor
	-93.2
	dBm

	Combined noise floor
	-82.60
	-91.96
	dBm

	De-sense
	10.60
	1.24
	dB

	De-sense after MRC combining
	3.78
	dB

	B71 REFSENS with MSD due to 3rd order RX of B2UL
	-93.42
	dBm


Due to the controlled isolation achievable within the RF FE module and the integration of the LNA, the B2 UL signal can be significantly attenuated before it reaches the B2 down mixer. In this calculation we have assumed that the mixer design has an optimized 3rd order conversion gain of -25dB when compared to the fundamental conversion gain, which is a 15dB improvement when compared to a pure squared LO case.
Still, using integrated RF FE technology performance, at least 4dB MSD can be anticipated and for discrete implementation cases further MSD will arise from limited PCB isolation.

Observation 7:

· Using integrated module RF FE technology, at least 4dB B71 DL MSD can be anticipated from 3rd order response to B2 UL signal.

· Discrete front-end implementation will suffer from higher MSD due to limited PCB isolation.
3. Conclusion
This contribution studies the two harmonic 3 response related MSD issues identified for the CA_2A-71A combination. The 3rd harmonic B71 UL interference to B2 DL is limited to a “just miss” situation between lowest B71 UL Channel 3rd harmonic and B2 highest DL channel, for the worst case 5MHz/5MHz combination case the following proposal is made:
Proposal: A 1.6dB MSD is accounted for CA_2A-71A for the 5MHz highest B2 channel when combined the lowest 5MHz B71 UL channel only. The following Table is proposed for the B71 UL H3 de-sense of Band 2 for insertion in 36.101.
	Channel bandwidth

	EUTRA CA Configuration
	EUTRA band
	1.4 MHz
(dBm)
	3 MHz
(dBm)
	5 MHz
(dBm)
	10 MHz
(dBm)
	15 MHz
(dBm)
	20 MHz
(dBm)
	Duplex mode

	CA_2A-71A
	2
	
	
	-96.4XX
	-95
	-93.2
	-92
	FDD

	
	71
	
	
	-97.2
	-94.2
	-92.0
	-87.5
	TDD

	NOTE XX: REFSENS relaxation is only valid for the combination of the lowest 5MHz B71 UL channel and the highest 5MHz B2 DL channel.


The 3rd spurious B71 RX response to B2 UL which covers the entire band range is also studied for a state-of-the-art RF FE module implementation. Although this cannot represent the minimum requirement case the following observation is made:
Observation 7:

· Using integrated module RF FE technology, at least 4dB B71 DL MSD can be anticipated from 3rd order response to B2 UL signal.

· Discrete front-end implementation will suffer from higher MSD due to limited PCB isolation.
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