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1. Introduction
In RAN#77 meeting, CA combinations for Band 71 were introduced in [1] for 2DL/1UL and [2] for 3DL/1UL. In this contribution, we study B2 and B71 CA Harmonic 3 related issues for all possible bandwidth combinations to complete the work started in last meeting [3].
2. Discussion
New CA combinations, including Band 71, were introduced in RAN#77 for 2DL/1UL [1] and 3DL/1UL [2]. [3] showed that B71 transmitter 3rd harmonics overlap B2 highest downlink receiver channels leading to B2 desensitization. In this contribution, we present updated B71 3rd harmonics spurious measurements related to this combination using -28 dBc LO leakage and -28 dBc image rejection, while PA is operated to meet an ACLR= -33 dB.
2.1. B71 3rd Harmonic Falling in B2 Downlink Band for CA_2A-71A
Measurements presented in [3] showed that the worst case interference scenario occurs for single RB transmissions. In this contribution, we extend the previous analysis using the following parameters in Table 1:
Table 1: Test Parameters for Analysis of B2 De-sense Due to B71 UL 3rd Harmonics
	B71 uplink carrier frequency
	Lowest possible channel

	B71 Modulation
	Single RB, variable offset

	B71 operating cell bandwidth
	5,10,15,20 MHz

	B71 Antenna output power
	23 dBm, no MPR for single RB transmission

	B71 ACLR
	-33 dBc

	B71 LO leakage
	-28 dBc

	B71 Image rejection
	-28 dBc

	B2 downlink carrier frequency
	Highest possible channel

	B2 operating cell bandwidth
	5,10,15,20 MHz


Figure 1 below shows a typical spectral plot of the observed B71 transmitter 3rd harmonics for 5 MHz cell BW, at lowest B71 channel, at RB offset 0, (single RB frequency is 663.34 MHz). In Figure 1, f0 denotes the main 3rd harmonic spur of this RB transmission, centered at 1990.02 MHz, (just slightly above the top end of B2 receive frequency band). It can be seen that up to four sidetones corresponding to the mixing of LO and IQ images can be measured on either side of f0. Only the lowest sidebands are of interest, and are denoted f1, f2, f3, f4. It can be seen that f3, f4 can be ignored since their contribution is nearly 20 dB below that of tones f1, f2. Band power markers 1,2,3,4 are used to measure the total interference power falling in each of the B2 operating cell bandwidth for the highest possible downlink carrier frequency. As shown in Figure 1, the worst case occurs when both B71 and B2 are configured in 5 MHz cell bandwidth since not only B2 suffers from the presence of f1, f2, but also a fraction of f0.

[image: image1.emf]
Figure 1: 3rd harmonic spectrum of Band 71 Tx at Band 2 Rx frequency range. Markers 1,2,3 and 4 are used to capture the integrated harmonics power level for 5,10,15 and 20 MHz B2 cell bandwidth respectively.

To determine which combination of RF parameters define the worst case interference scenario for the other B2 operating cell bandwidth, several B71 3rd harmonics measurements have been performed according to Table 1. For each combination, Table 2 summarizes the worst case measured harmonic noise referred to PA output port (dBm). Note that for B71 operating cell bandwidth greater than 5 MHz, the worst single RB offset is no longer that of offset position 0.   

Table 2: Measured 3rd Harmonic B71 Spurious Power Integrated Over B2 Rx Channel

	
	B2 cell bandwidth [MHz]

	B71 cell BW [MHz]
	5
	10
	15
	20

	5
	-33.6
	-37.8
	-38.9
	-39.1

	10
	-39.6
	-39.1
	-39.1
	-39.1

	15
	-41.5
	-39.1
	-39.1
	-39.1

	20
	-41.5
	-39.1
	-39.1
	-39.1


Observation 1: Worst case interference scenario for all B2 operating bandwidth occurs for the following combination of RF parameters: B71 cell bandwidth of 5 MHz, B71 lowest transmit carrier frequency, B2 highest possible downlink receive frequency, B71 single RB transmission at offset 0.
2.2. MSD Due to B71 UL H3 Interference
Table 3 below provides an example of MSD calculations for the 5 MHz/5 MHz case using the measured level of interference according to the methodology presented in [3]. The calculations assume a discrete implementation, for which it was agreed that PA output to LNA input PCB isolation of at least 67 dB isolation, up to 4 dB B2 RX front-end loss, 45 dB duplexer rejection, and 25 dB diplexer rejection. 
Table 3: MSD Example Using Measured Interference Power Levels for the Combination 5 MHz Cell Bandwidth for Both B2 and B71
	
	Main
	Diversity
	Unit

	B71 H3 level at PA output port
	-33.6
	
	dBm

	Conducted B71 H3 level at ant. port
	-103.6
	-113.6
	

	B71 H3 leakage in B2 5MHz channel
	-95.8
	-96.5
	dBm

	B2 REFSENS
	-98.0
	dBm

	B2 REFSENS noise floor
	-94.0
	dBm

	combined floor
	-91.8
	-92.1
	dBm

	de-sense
	2.2
	1.93
	dB

	MSD after MRC combining Uncor
	2.06
	dB

	MSD after MRC combining Cor
	3.45
	dB


Table 4 extends this example to all 16 combinations associated to CA_2A-71A.

Table 4: CA_2A-71A B2 MSD for All Cell Bandwidth Combinations
	
	B2 cell bandwidth [MHz]

	B71 cell BW [MHz]
	5
	10
	15
	20

	5
	3.4
	0.9
	0.5
	0.4

	10
	1.2
	0.7
	0.5
	0.4

	15
	0.8
	0.7
	0.5
	0.4

	20
	0.8
	07
	0.5
	0.4


Observation 2: No MSD is anticipated for CA_2A-71A bandwidth combinations other than 5 MHz/5 MHz, 5 MHz/10 MHz for B71, B2 respectively.
2.3. MSD applicability: B2 downlink impacted carrier frequencies/channels

From Table 4, the range of B2 carrier frequencies over which MSD applies needs to be analyzed only for B2 cell BW 5 and 10MHz. Figure 2 illustrates how the number of H3 falling in B2 receive channels varies according to B2 RX carrier frequency / EARFCN using as an example the combination B71 5MHz modulated at the lowest B71 channel, RB offset 0, and B2 5MHz cell bandwidth. Figure 2 left shows that the worst case MSD of 3.4dB occurs when B2 carrier is operated at 1987.5 MHz (EARFCN 1175), for which a fraction of f0 power, f1 and f2 tones degrade B2 sensitivity. The lowest B2 RX channel impacted by the tone “f2” is EARFCN 1135 (carrier at 1983.5MHz) – cf Figure 2 right. Contributions from f3 and f4 are ignored. 
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Figure 2: Number of 5MHz cell BW B71 transmit H3 tones (blue) falling in B2 5MHz cell BW (orange) for two B2 carrier frequencies. Left: B2 at 1987.5MHz is worst case de-sense, with a fraction of f0, f1 and f2 tones interfering, Right: Lowest B2 carrier frequency for which f2 dominates interference. Contributions from f3 and f4 are ignored.
For this specific example, Table 5 below details the number of B71 H3 falling in B2 RX channel for each B2 carrier frequency range. 
Table 5: Example of number of B71 5MHz H3 tones falling into B2 RX channel vs B2 RX channel carrier frequency. “x” is used to express that a fraction of H3 tone power interferer in B2 channel, x>1.
	
	Range of B2 downlink 5MHz carrier frequencies impacted by B71 lowest TX channel 5MHz H3 harmonics [MHz]

	
	At 1987.5
	1986-1987.4
	1985.2-1985.9
	1984-1985.1
	1982.6-1983.9
	<1982.6

	B71 5MHz cell BW H3 tones falling in B2 RX channel 
	fo/x +f1+f2
	f1+f2
	f1/x+f2
	f2
	f2/x
	Neglectable: dominated by f3+f4,.None below 1978.5.


Table 6 extends the previous example to all B71/B2 cell bandwidth combinations. It should be noted that in many instances, the worst case B71 single RB offset position is no longer offset 0. For example, for the combination B71 10MHz/ B2 5 MHz, worst case occurs at offset 4.
Table 6: Range of B2 carrier frequencies/EARFCN vs cell Bandwidth for B71 RB offset position maximising B2 desense.
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Observation 3: For B2 5MHz operating cell BW, 3.4 dB MSD occurs only at EARFCN= 1175. MSD is 1.2 dB over EARFCN range 1093-1174.

Observation 4: For B2 10MHz operating cell BW, worst case MSD occurs over the EARFCN range 1112-1150, and B71 5MHz transmissions.
Proposal: A 3.5 dB MSD is accounted for CA_2A-71A for the 5 MHz highest B2 channel when combined the lowest 5 MHz B71 UL. A 0.9 dB MSD is proposed for CA_2A-71A for the 10 MHz highest B2 channel when combined with the lowest 5 MHz B71 UL. Given the low MSD value for B2 channel BW 15MHz and 20MHz no REFSENS exception is allowed. The following Table 5 is proposed for the B71 UL H3 de-sense of Band 2 for insertion in 36.101.
Table 5: 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
	 
	 
	[-94.5]XX
	[-94.1]XX
	 -93.2
	-92
	FDD

	
	7115,16
	
	
	-70.4
	-70.4
	-70.4
	-70.4
	FDD

	NOTE XX: REFSENS relaxation is only valid for the combination of the lowest B71 UL channel and the B2 DL channels over the EARFCN range 1093-1175 for 5MHz channel BW and  1112-1150 for 10MHz channel BW.

NOTE 15: These requirements apply when there is at least one individual RE within the downlink transmission bandwidth of the victim (lower) band for which the 3rd harmonic is within the uplink transmission bandwidth or the uplink adjacent channel’s transmission bandwidth of an aggressor (higher) band.
NOTE 16: The requirements should be verified for UL EARFCN of the aggressor (higher) band (superscript HB) such that 
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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 5 MHz/5 MHz combination case the following proposal is made:
Proposal: A 3.5 dB MSD is accounted for CA_2A-71A for the 5 MHz highest B2 channel when combined the lowest 5 MHz B71 UL. A 0.9 dB MSD is proposed for CA_2A-71A for the 10 MHz highest B2 channel when combined with the lowest 5 MHz B71 UL. Given the low MSD value for B2 channel BW 15MHz and 20MHz no REFSENS exception is allowed. The following Table 5 is proposed for the B71 UL H3 de-sense of Band 2 for insertion in 36.101.

Table 5: 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
	 
	 
	[-94.5]XX
	[-94.1]XX
	 -93.2
	-92
	FDD

	
	7115,16
	
	
	-70.4
	-70.4
	-70.4
	-70.4
	FDD

	NOTE XX: REFSENS relaxation is only valid for the combination of the lowest B71 UL channel and the B2 DL channels over the EARFCN range 1093-1175 for 5MHz channel BW and 1112-1150 for 10MHz channel BW.

NOTE 15: These requirements apply when there is at least one individual RE within the downlink transmission bandwidth of the victim (lower) band for which the 3rd harmonic is within the uplink transmission bandwidth or the uplink adjacent channel’s transmission bandwidth of an aggressor (higher) band.
NOTE 16: The requirements should be verified for UL EARFCN of the aggressor (higher) band (superscript HB) such that 
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