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1 Introduction

The MSD is calculated for B28 + B40 CA which suffer Rx harmonic mixing. We also give with this input suggestion on possible WFs for CA MSD calculations in general. For operators it is of general importance that the minimum performance requirements are defined and tested in a meaningful way in order to guarantee overall good network performance and have satisfied customers.
2 Spectrum question

In previous meetings some vendors asked constantly about the spectrum situation of e.g. B40 in Europe. In Europe the commission implementing decision (EU) was just recently finalised for this band and the details can be found in reference [1]. Now we can soon expect that licencing of that band in Europe will start. This is an interesting band for Europe and we have to make sure that the performance requirements in 3GPP fulfil our expectations. That should answer the concern of these vendors which seem to believe that B40 and any CA combo including the band is not of interest in Europe.
Observation 1: In Europe the commission implementing decision (EU) was recently finalised for B40.
3 Rx harmonic mixing
The harmonic mixing in the receiver occurs at LO’s odd harmonic frequencies are down-converted to baseband (fo, 3fo, 5fo and so on), see e.g. reference [2]. For the CA combo B28 + B40 there can be such an 3rd order harmonic mixing problem.
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Figure 3-1 Harmonic mixing in the receiver
From reference [3] and [4] we understand that the harmonic mixing 3rd order of RFIC harmonic rejection (minimum performance) is just 20 or 30 dBc, respectively. In [3] we find more explanation on this harmonic rejection value: “which includes 9-dB rejection from switching mixer and less than 10 dB from matching selectivity”. From [5] we recognise that simple L-C matching circuits can give harmonic rejection of 12 dB per octave (second-order low-pass filter). Matching the LNA with simple L-C low-pass stages will maximise power transfer, limit noise and can cut-off harmonics. Therefore the 30 dBc RFIC harmonic rejection as given in [4] seems to be more realistic.
Proposal 1: For harmonic problems consider matching L-C low-pass stages for transmit and receive path which can give 12 dB filtering per octave.
The 3rd order harmonic mixing problem into B28 does not affect all of B40 as can be seen from the table below
	 
	B28 DL
	B28 DL x 3
	B40 TDD

	Range (MHz)
	758 – 803
	2274 - 2409
	2300 – 2400

	
	B28 DL lower duplex for EU
	B28 DL lower duplex for EU x 3
	

	
	758 – 788
	2274 - 2364
	

	
	B28 DL upper duplex for Asia
	B28 DL upper duplex for Asia x 3
	

	
	773 – 803
	2319 - 2409
	


If an operator uses B28 DL (lower duplex for Europe) the B40 3rd harmonic mixing would cause problems in the following cases:
· 758 to 768 MHz (10 MHz likely case)  the problem in B40 is within 2274 to 2304 MHz

· 768 to 778 MHz (10 MHz likely case)  the problem in B40 is within 2304 to 2334 MHz

· 778 to 788 MHz (10 MHz likely case)  the problem in B40 is within 2334 to 2364 MHz

Proposal 2: For MSD problems affecting only part of the bands define REFSENS/MSD test for the frequencies where the problem occurs. 
4 MSD calculation
Depending on the CA combination different calculation and assumptions on component performance are assumed. This is fair as vendors may use different components in their devices. Using the average in MSD calculation seems reasonable in order to allow for minimum component performance. Doing the calculation on the worst case performance only will undermine the REFSENS/MSD test and UE performance expectation. The minimum performance expectation for RAN4 is the final expectation on REFSENS/MSD and not on the individual component performance.
Observation 2: Using the average value of MSD calculations presented is fair and still allow for individual minimum component performance.
We observe that the inputs from MediaTek in [3] and Huawei [4] assume antenna isolation of 10 dB at the B40 frequency. Such a poor antenna isolation at 2.4 GHz is below expectation and a more realistic lower bound value is 15 dB, see reference [5]. Using 10 dB antenna isolation at high frequencies will give the wrong message to UE industry when implementing antennas. Therefore we strongly recommend using at least 15 dB antenna ISO for the 2.3 GHz MSD calculation.  
Table 4-1 Parameters used for the MSD calculation
	Parameter
	Value
	Unit

	Antenna isolation (2.4 GHz)
	15
	dB

	Front-end loss
	4
	dB

	Diplexer isolation
	15(20
	dB

	Lower band Rx filter selectivity
	45(60
	dB

	PCB isolation
	70(75
	dB

	Rx 3rd order harmonic rejection
	20(30
	dB

	Pout
	27
	dBm

	
	
	


Proposal 3: For the antenna isolation all companies shall use the same value. The value shall depend on the frequency: low, high and very high frequency in order to catch in real-life performance.
Proposal 4: For diplexer isolation, duplexer isolation, PCB isolation, PA IP3, RFIC 3rd order rejection, etc. use the best and worst values so far reported in calculations. From the results take the average for the final MSD.
Table 4-2 MSD calculation for CA_28A_40A for low/good minimum performance
	Direct Signal Path

	
	Low- min performance
	Good-min performance
	

	Parameter
	Main
	Diversity
	Main 
	Diversity
	

	Tx power at antenna port
	23
	8
	23
	8
	dBm

	Tx power at diplexer output
	8
	-7
	3
	-12
	dBm

	Tx power at LNA input
	-37
	-52
	-47
	-62
	dBm

	PCB Coupling Path

	Parameter
	Main
	Diversity
	Main
	Diversity
	dBm

	Tx power at LNA input
	-43
	-43
	-48
	-48
	dBm

	Combined

	Tx power at LNA input
	-36
	-42.5
	-45.5
	-47.8
	dBm

	Tx power after Rx mixing (referred to antenna)
	-52
	-58.5
	-70.5
	-73.8
	dBm

	Average (low-min and good-min)
	Main
	Diversity
	

	
	-61.25
	-66.15
	dBm


For B28 the REFSENS in (TS 36.101): 

Table 7.3.1-1: Reference sensitivity QPSK PREFSENS
	Channel bandwidth

	E-UTRA Band
	1.4 MHz
(dBm)
	3 MHz
(dBm)
	5 MHz
(dBm)
	10 MHz
(dBm)
	15 MHz
(dBm)
	20 MHz
(dBm)
	Duplex Mode

	28
	
	-100.2
	-98.5
	-95.5
	-93.7
	-91
	FDD


For the MRC receiver performance it is important to know if the interference signal are correlated or un-correlated, [6], [7]. The signals will have some degree of correlation but it is un-likely that they are in phase at the receiver as the sources and paths to the main and secondary receiver are not the same
Proposal 5: For the MRC/MSD calculation we suggest to use the correlated and un-correlated case and take the average of the two results.
For uncorrelated signals the individual SNRs at the MRC receiver can be summed and the following equation can be used, [6]: 

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

with NP = PRefsens + 3 dB (diversity) + 1 dB (SNR) + ΔRIB,c. 
For correlated signals the equation can be found in reference [7]
	
	B28 MSD (dB) for CA_28A_40A

	
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz

	Un-correlated
	31.8
	30.1
	27.2
	25.4
	22.7

	Correlated
	34.5
	32.8
	29.8
	28
	25.4

	Average
	33.15
	31.45
	28.5
	26.7
	24.05


5 Defining REFSNES for larger MSD values?
For very large MSD values it is questionable if the carriers are aggregated in the network and/or the UL used as Pcell in each of the aggregated bands. From this we may say it does not matter if MSD is defined for very large MSD values. However, there are several other aspects which should make clear that the REFSENS/MSD should be specified in TS 36.101 in any case.
1) Reference value for operators

If the REFSENS/MSD is given in TS 36.101 operator can make a decision if the CA should be used and/or for which band the UL may be limited

2) RAN5 can decide if tests above a certain MSD value is needed

3) What is the maximum MSD value which should be considered in TS36.101 and who makes the decision?
As mentioned in (1) to know about the MSD value is in general useful for operator network operation. For B1 + B42 CA we have already 27 dB MSD specified in TS 36.101
4) The MSD is often just a problem in small parts of the spectrum
Tests need to consider this aspect as otherwise the linearity of the components are not correctly tested

5) HTF in the receive path could be also considered to avoid the harmonic problem as discussed in this input
Proposal 6: Define MSD in RAN4 spec independent on if the value is high. Leave it to RAN5 to define test for e.g. MSD values > 10 dB. Inform RAN5 in an LS on this.
6 Summary
From previous MSD discussions we make the following observations:
Observation 1: In Europe the commission implementing decision (EU) was recently finalised for B40.
Observation 2: Using the average value of MSD calculations presented is fair and still allow for individual minimum component performance.
In order to come forward on MSD calculations we make the following proposals:
Proposal 1: For harmonic problems consider matching L-C low-pass stages for transmit and receive path which can give 12 dB filtering per octave.
Proposal 2:  For MSD problems affecting only part of the bands define REFSENS/MSD test for the frequencies where the problem occurs.
Proposal 3: For the antenna isolation all companies shall use the same value. The value shall depend on the frequency: low, high and very high frequency in order to catch in real-life performance.
Proposal 4: For diplexer isolation, duplexer isolation, PCB isolation, PA IP3, RFIC 3rd order rejection, etc. use the best and worst values so far reported in calculations. From the results take the average for the final MSD.
Proposal 5: For the MRC/MSD calculation we suggest to use the correlated and un-correlated case and take the average of the two results.
Proposal 6: Define MSD in RAN4 spec independent on if the value is high. Leave it to RAN5 to define test for e.g. MSD values > 10 dB. Inform RAN5 in an LS on this.
The allowed MSD for CA_28A_40A is given in the table below:

	B28 MSD (dB) for CA_28A_40A

	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz

	33.15
	31.45
	28.5
	26.7
	24.05
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