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Introduction
With more and more harmonic and IMD problems observed by vendors for inter-band CA with 2DL/1UL, 2DL/2UL, etc., the number cases/combos which are affected are rising. That leads to long discussions on trap filters, MSD values, etc. One reason for this is that performance parameters and the way to calculate the MSD differs between companies. This input proposes therefore parameters and general rules for the MSD calculation. 
MSD calculation assumption
IMD and harmonic issues are encountered in:

· Inter-band CA with 2DL/1UL

· Inter-band CA with 2DL/2UL

· Inter-band CA with 3DL/1UL

· FDD + TDD CA
The IMD could be to the own receiving band or other radio systems like GNSS. We have to agree on a general framework how to handle the calculation for these cases. This is important in order to have also for CA good UE performance. Exceptions shall be allowed where the general rule/parameters are not applicable. This would be similar or in analogy to the general rule for (TIB and (RIB for low/low and high/high bands, which was adopted in order to ease workload (see R4-146833).
1) General aspects on MSD
There are many different interference sources which can cause receiver desense (MSD). In order to understand and to be able to agree on possible MSD it is important that companies present their calculation in an Excel based spreadsheet or tables as we can find examples of in R4-124627 or R4-73AH-0055. The origin and the summing of the interferences at a reference point shall be clearly listed. The summing and final MSD calculation at the receiver shall follow the steps below. The author should also give an indication of the accuracy on the final MSD. The granularity of the calculation for the harmonic/IMD shall be 0.1 dB and the final MSD shall have a 1 dB granularity.
In the past it has been argued that in some cases REFSENS (with MSD) does not need to be specified as the distortion/desense may be too high and/or using clever scheduling / RB allocation can be used to avoid such receiver degradation (e.g. for B3 + B8 CA). In general the basic assumption shall be that the scheduler has no information about such band specific RB allocation in order to avoid harmonic or IMD problems. The REFSENS (with/without MSD case) should be always specified for the CA combos. Exceptions are possible if the needed MSD is very high e.g. > 20 dB or the companies can agree on not to specify it.
Proposal 1: The general assumption is that REFSENS will be specified for all CA combos. Basic scheduling shall be assumed without knowledge on possible individual BW/RB allocations where IMD or harmonics could be avoided. 
Proposal 2: Interference and MSD calculation shall be tabularized for all interference sources considered. The granularity of the calculation for the harmonic/IMD shall be 0.1 dB and the final MSD shall have a 1 dB granularity.
2) Summing of the distortions
Harmonic or IMD are caused independently in the different components in the RF chain (PA, filter, transceiver, etc.). The summing up of the distortions can be done with the amplitude/phase (Voltage) see e.g. R4-73AH-0004 or with power (Watt) see e.g. R4-73AH-0055. For the Voltage summing the phase has to be known of the individual interferences at the reference point. As no phase information is available and we can expect that the phase between the individual interference sources is random at the reference point, power summing in Watt shall be used. The reference point shall be the antenna connector. 

Proposal 3: The distortions are summed at the antenna reference point in Watt.
3) Tx power levels and individual component linearity assumptions
The Tx power level at the antenna connector shall assume max, or max and equal, power for 1UL and 2UL, respectively, as specified in TS 36.101 (6.2.2 UE maximum output power) which corresponds to the worst case (see R4-69AH-0014). The gain/loss/linearity of the individual component reported differ often strongly (R4-141741, TR 36.860) and may also depend on the target for the CA combo and the operators’ spectrum situations, (see e.g. HTF R4-147285). Therefore it will be difficult to agree on common component values for all Class A2/A4 cases and the values have to be specified case-by-case from individual inputs.  The total front end insertion loss between antenna connector and PAoutput is typically between 3 to 4 dB.
Proposal 4: Max, or max and equal, Tx power for 1UL and 2UL, respectively, are assumed for MSD calculation. The gain/loss/linearity of the components causing interference will be specified on case-by-case.

4) Isolation parameters
The minimum isolation parameters for the MSD calculation shall be agreed in general for Class A2 and A4 CA combos. Such minimum isolation requirements will facilitate good layout and implementation practices and thus avoiding unnecessary performance degradation in the mobile network.
· Antennas isolation: For the main antenna to diversity antenna RAN4 often uses the 10 dB isolation assumption. This includes low and high bands. We received information from industry that antenna isolation of 10-15 dB for low bands and 15-20 for high bands can be achieved. For high bands > 1GHz we suggest to use 15 dB isolation between main and diversity antenna.
· PCB isolation and leakage: Cross-coupling over the PCB board can have many paths from and to each component. Leakage between integrated components can be another source of cross-coupling. Values reported vary strongly and are from about 65 dB up to 90 dB (see e.g. R4-73AH-0048, R4-73AH-0101, R4-141741, [1]). PCB isolation and component leakage is a question of the design and for CA combos with harmonic or IMD problems a minimum of 75 dB isolation shall be required in order to insure reasonable UE performance.
· Duplexer and diplexer isolation: Duplexer isolation between Tx and Rx we assume usually > 45 up to 60 dB and broadband rejection between 30 to 40 dB. Exceptions as seen for very low bands may exist and in R4-73AH-0055 the broadband rejection is only 10 dB from B31 duplexer towards B3
For a diplexer the isolation to other bands should be in the range of 15 to 25 dB. 
· High trap or harmonic filters: Depending on the acceptable insertion loss a minimum of 20 to 25 dB rejections of harmonics should be expected (incorporated in PA module). External filtering commonly has more likely 30 to 40 dB rejection of the harmonics.
· For low band and high band switches the achievable isolation between input paths is typically between 20 to 40 dB.

Proposal 5: Use the following isolation parameters for MSD calculation
	Isolation Parameter
	Value (dB)
	Comment

	Antenna to antenna
	15
	Main antenna to diversity antenna at high frequencies > 1GHz

	Switch isolation
	25
	Isolation on input port to off input port

	PCB isolation or leakage between integrated components
	75
	Between any component and/or traces on the PCB board

	Duplexer, quadplexer
	50
	Tx band rejection at Rx band over ETC

	
	35
	Broadband rejection to other bands with > (FOOB

	Diplexer, quadplexer
	20
	Low-to-high band isolation

	High trap/harmonic filter
	20 / 30 
	Filter rejection of harmonics. Trap filter / harmonic filter


5) Interference at primary and diversity receiver and final MSD
For the MSD calculation from the total interference levels at the main and diversity antenna reference point using MRC, the equation below shall be used. In order to calculate the noise at the antenna point the NF, implementation margin, and other possible band-dependent UE desense contributions as e.g. described in reference [2], has to be known. As it would be difficult to obtain those values for every band we suggest to calculate the noise power at the antenna port by adding 3dB diversity gain and 1 dB SNR to the given UE reference sensitivity level in TS 36.101 Table 7.3.1-1 (and ΔRIB,c) 
Proposal 6: MSD calculation from interference at antennas reference point considering MRC
For uncorrelated signals the individual SNRs at the MRC receiver can be summed and the following equation can be used:
MSD = 10*log10( 2 / ( (1/(1+ IMDM/NP)) +  (1/(1+ IMDD/NP)) ) )
With: 

· IMDM and IMDD the interference at the main and diversity antenna respectively
· NP the noise power at the antenna reference points calculated from PRefsens in TS 36.101 Table 7.3.1-1 with NP = PRefsens + 3 dB (diversity) + 1 dB (SNR) + ΔRIB,c
Summary
In order to move forward with inter-band CA classes where harmonics and/or IMD is a problem some basic agreements on the calculation and component performances has to be agreed. We suggest the following to be adopted when performing such interference calculations and to reflect this in the relevant inter-band CA TRs where we handle Class A2 and A4.
Proposal 1: The general assumption is that REFSENS will be specified for all CA combos. Basic scheduling shall be assumed without knowledge on possible individual BW/RB allocations where IMD or harmonics could be avoided. 

Proposal 2: Interference and MSD calculation shall be tabularized for all interference sources considered. The granularity of the calculation for the harmonic/IMD shall be 0.1 dB and the final MSD shall have a 1 dB granularity.
Proposal 3: The distortions are summed at the antenna reference point in Watt.
Proposal 4: Max, or max and equal, Tx power for 1UL and 2UL, respectively, are assumed for MSD calculation. The gain/loss/linearity of the components causing interference will be specified on case-by-case.
Proposal 5: Use the following isolation parameters for MSD calculation
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	Value (dB)
	Comment

	Antenna to antenna
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	Main antenna to diversity antenna at high frequencies > 1GHz
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	25
	Isolation on input port to off input port

	PCB isolation or leakage between integrated components
	75
	Between any component and/or traces on the PCB board

	Duplexer, quadplexer
	50
	Tx band rejection at Rx band over ETC

	
	35
	Broadband rejection to other bands with > (FOOB

	Diplexer, quadplexer
	20
	Low-to-high band isolation

	High trap/harmonic filter
	20 / 30 
	Filter rejection of harmonics. Trap filter / harmonic filter


Proposal 6: MSD calculation from interference at antennas reference point considering MRC
For uncorrelated signals the individual SNRs at the MRC receiver can be summed and the following equation can be used:

MSD = 10*log10( 2 / ( (1/(1+ IMDM/NP)) +  (1/(1+ IMDD/NP)) ) )

With: 

· IMDM and IMDD the interference at the main and diversity antenna respectively

· NP the noise power at the antenna reference points calculated from PRefsens in TS 36.101 Table 7.3.1-1 with NP = PRefsens + 3 dB (diversity) + 1 dB (SNR) + ΔRIB,c
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