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1. Introduction
This contribution provides analysis of band 42 and band 46 CA combination de-sense of band 46 receiver (MSD) due to second order intermodulation according to last meeting way Forward [1]. MSD calculations are provided and a REFSENS value is proposed for the band 42 and band 46 CA combinations.
2. Discussion
In this contribution first the licensed band UL blocker level per band is discussed then the specific case of band 42 is covered and related MSD calculated. A specific REFSENS value is proposed for band 42 and band 46 LAA CA combination based on MSD value due to IMD2 issue in band 46 receiver induced by strong band 42 UL signal leakage.
2.1. Licensed band UL blocking level at band 46 receiver
It has been suggested in [2-3] that although band 42 do not present any UL harmonics within band 46, the LAA receiver will be de-sensed through band 46 receiver IMD2 response to the licensed band UL signal. In this case the main issue is the amount of attenuation the UL signal sees before it gets to the band 46 receiver, this is similar to the full duplex self-interference issue in LTE where an UL signal attenuation of >50dB is generally agreed to be sufficient to meet good de-sense performance given achievable receiver IIP2.
2.1.1. Architecture assumption

The assumed architecture which is optimum for the support of both LB/MB/HB CA and LAA CA combinations with band 46 is based on separate antennas:

· One UL antenna is supporting LB (B5/8/13/19/28) / MB (B1/2/3/4/11/21/39/66) / HB (7/40/41) separately from any LAA B46 receiver
· A separate UL antenna is supporting B42 UL and one of the LAA B46 receiver
The isolation between antennas is assumed to be 15dB, the remaining UL signal attenuation is related to the band 46 receive filter and receiver RF selectivity.
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Figure 1: Wi-Fi filter/diplexer performance

Band 46 filter/diplexer performance:
Figure 1 demonstrates that commercially available diplexers used for 2.4GHz and 5GHz Wi-Fi applications have a 5GHz path that can provide in excess of:

· >25dB rejection in band 42
· >30dB rejection in band 7/40/41
· >35dB for bands <2.2GHz (B1/2/3/4/5/8/11/13/19/21/28/39/66)
It is to be noted that the above filter characteristics are related to a WiFi spec that includes the Japanese WiFi band that starts at 4910MHz. If the filter is restricted to LAA band which starts at 5150MHz further attenuation of band 42 is achievable.
Wi-Fi RF front end selectivity, applicable to LAA:
Figure 2 demonstrates that commercially available 5GHz Wi-Fi RF front-end receive path can offer further rejection:

· >5dB rejection in band 42

· >25dB rejection for bands < 2.7GHz
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Figure 2: Wi-Fi RF front end receive path transfer function

Except band 42 it can be seen that in excess of 50dB of band 46 receiver protection is achievable even without accounting for the further 15dB antenna isolation. In case of band 42 again an implementation with a separate antenna will provide an extra 15dB of isolation, which would be feasible easily if the band 42 UL was either shared with the other licenced bands main or diversity antenna. Another option is that band 42 UL is separate to band 46 antennas in 4x4 MIMO capable UEs.
Observation 1
· Zero MSD in relation to IMD2 issues in band 46 is achievable for most of the associated CA licensed bands if proper band 46 receiver RF front end is used even if they share the same antenna.
· Band 42 UL signal attenuation in shared antenna scenario is not sufficient to prevent saturation of band 46 receiver
· Band 42 UL signal attenuation in separate antenna scenario is not enough to prevent IMD2 issue.
2.2. Band 46 MSD for B42-B46 CA for shared and separate antenna cases.

As seen in the previous chapter in the case where band 42 UL path shares the same antenna than the band 46 receiver, it is to be noted first that one of the receiver path will see the antenna isolation on top. In this case one LAA receiver will see 30dB of attenuation of the band 42 UL signal while the one with separate antenna will see 45dB of attenuation. 

With only 30dB UL signal attenuation with 4dB front end loss in the shared antenna case UL signal leakage is -3dBm at LNA input which would cause full saturation of band 46 receiver: a notch filter at band 42 UL frequency is needed to bring UL signal leakage within receiver dynamic range, an extra 14dB attenuation is needed.
In the fully separate antenna case both band 46 receivers see 45dB attenuated band 42 UL signal.

To derive MSD the assumption is that 50dB of UL signal attenuation for both receiver antennas results in a 0.2dB de-sense in the nominal case. Table 1 provides calculated MSD due to IMD2 issue in band 46 receiver for different scenario:
· “Baseline” scenario provides the expected IMD2 for 0.2dB MSD

· “Shared” scenario is when B42 UL shares the antenna with one of the band 46 receiver without inserted notch at band 42 UL frequencies

· “Shared w notch” scenario is when B42 UL shares the antenna with one of the band 46 receiver with an inserted notch at band 42 UL frequencies

· “Separate” scenario provides MSD value for the case where band 43 and band 46 antenna are separate. 
Table 1: IMD2 related MSD calculations for Band 42+46 CA
	Cases
	Baseline
	Shared
	Shared w notch
	Separate

	Antenna
	main
	Div
	main
	div
	main
	div
	main
	div

	Shared
	Y
	N
	Y
	N
	Y
	N
	N
	N

	Antenna isolation [dB]
	0
	15
	0
	15
	0
	15
	15
	15

	UL power at antenna [dBm]
	23
	8
	23
	8
	23
	8
	8
	8

	Front end loss [dB]
	4
	4
	4
	4
	4
	4
	4
	4

	RX attenuation [dB]
	50
	35
	30
	30
	44
	30
	30
	30

	UL power at LNA input [dBm]
	-23
	-23
	-3
	-18
	-17
	-18
	-18
	-18

	IMD2 at LNA input [dBm]
	-106
	-106
	-66
	-96
	-94
	-96
	-96
	-96

	Noise floor at 11.4dB NF LNA [dBm]
	-90.0
	-90.0
	-90.0
	-90.0
	-90.0
	-90.0
	-90.0
	-90.0

	REFSENS without interference [dBm]
	-90.0
	-90.0
	-90.0
	-90.0

	Composite noise floor [dBm]
	-89.9
	-89.9
	-66.0
	-89.1
	-88.6
	-89.1
	-89.1
	-89.1

	De-sense [dB]
	0.1
	0.1
	24.1
	1.0
	1.5
	1.0
	1.0
	1.0

	After MRC uncor [dB]
	0.11
	3.97
	1.22
	0.98

	Resulting Refsens [dBm]
	-89.8
	-62.0
	-87.4
	-88.1

	Band 46 Refsens spec [dBm]
	-90.0
	-90.0
	-90.0
	-90.0

	MSD [dB]
	0.0
	28.0
	2.6
	1.9

	Missing attenuation [dB]
	0.0
	19.0
	6.0
	5.0

	Comment
	Baseline
	saturation of receiver
	IMD2 dominated
	IMD2 dominated


Observation 2
· Without a notch at band 42 UL frequencies the shared antenna scenario results in complete saturation of band 46 main receive path
· The minimum requirement for band 46 REFSENS for CA combination with band 42 can be derived from the shared scenario with notch with 3dB MSD

· In the case of separate antennas the MSD is reduced to 2dB and an extra 5 dB attenuation would result in no MSD, this should be achievable either improving the notch or the band 46 filter taking into account the LAA band only and ignoring the 4.9GHz WiFi.

Proposal
· A 3dB MSD of band 46 receiver is proposed for the B42-B46 CA

· B42-B46 CA combinations REFSENS of -87dBm is specified instead of the default -90dBm
3. Conclusion
LAA CA combination licensed UL signal blocking level at band 46 receiver input is analysed. Only band 42 licensed UL is a potential case for IMD2 induced MSD in band 46, worst case is when band 42 UL shares the same antenna than one of the band 46 receiver and requires a notch at the band 42 UL frequencies.
Proposal: 
a 3dB MSD is proposed for B42-B46 CA combination resulting in a -87dBm band 46 REFSENS assuming a band 42 UL frequency notch in the band 46 path that shares its antenna with band 42 transmitter.
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