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1 Background
In this contribution we propose a resolution for combinations including class A2 combinations: the MSD is relaxed to make possible implementations without harmonic filter, while TIB,c for class A2 combinations is tightened but not an extent that would “preclude” harmonic filters. For class A2 combinations in general, it may be easier to accept a higher MSD penalty if the reward is a lower penalty on low-band MOP performance for all modes of operation. MSD is only needed in exceptional cases: it represents the worst case when harmonics fall in the upper receive band supporting the Scell when the output power in the low band is at maximum. 
The non-linearity in the low-band PA is the main source of 3rd order harmonics. Careful PCB design and special countermeasures on the PCB need to be taken into account to fulfill the standard REFSENS requirements without MSD. Then typical B4 sensitivities below -100 dBm for the 10 MHz channel can indeed be achieved in designs with a harmonic filter. This is at the expense of a degradation of the actual MOP performance of the low-band due to the increased IL for all modes of operation. 

In order to avoid the MOP penalty in the low band while still allowing design flexibility, it is proposed not to assume a harmonic filter for new combinations of class A2 to be introduced in the standard. This would also mean that a larger part of the UE population would be able to indicate support of Pcell operation in all bands of supported combinations, which is not always the case in practice for combinations of class A2 due to the existing requirements (support of all bands for Pcell operation is not mandated by the 3GPP specifications).
2 Tighter output power requirements for the low band
The TIB,c specified for class A2 combinations is 0.8 dB, an additional 0.5 dB is allowed compared to A1 for accommodating additional IL by a harmonic filter. We propose to decrease slightly the TIB,c  to 0.5 dB for class A2 combinations, which would still allow implementations with harmonic filters. 
The low band is < 1 GHz for class A2 combinations. MOP requirements are generally easier to meet for bands < 1 GHz compared to the higher bands, which makes it is easier to absorb the increased IL. More importantly, the actual MOP performance in the low band would be improved without a harmonic filter should this be needed to meet the MSD requirement.
3 Relaxing the MSD 

Then we propose to relax the MSD, at least for new band combinations introduced in the specification. The existing requirements for CA_4A-12A could remain; Band 12 is a regional band.

Table 1 shows the results without additional harmonic and an assumed Band 28 TX duplex filter rejection of 30 dB at Band 1 taken from [1]
Table 1: MSD versus additional harmonic rejection

	ATT @ B1RX

[dB]
	Channel bandwidth for B1

	
	5 MHz

(dB)
	10 MHz

(dB)
	15 MHz

(dB)
	20 MHz

(dB)

	30
	17
	14
	12
	11


The resulting requirements are shown in Table 2 and Table 3. We have applied a RIB,c = 0 dB for Band 28 that would not preclude a harmonic filter between the low-band switch and the Band 28 duplexer.
Table 2: Reference sensitivity for carrier aggregation QPSK PREFSENS, CA

	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_1A-28A
	1
	
	
	[-83]
	[-83]
	[-83]
	[-83]
	FDD

	
	28
	
	
	-98.5
	-95.5
	-93.7
	-91
	

	CA_3A-8A4
	3
	
	
	
	N/A
	N/A
	N/A
	FDD

	
	8
	
	
	N/A
	N/A
	
	
	

	CA_4A-12A5
	4
	[-89.2]
	[-89.2]
	[-90]
	[-89.5]
	
	
	FDD

	
	12
	
	
	-96.5
	-93.5
	
	
	

	CA_4A-17A5
	4
	
	
	[-90]
	[-89.5]
	
	
	FDD

	
	17
	
	
	-96.5
	-93.5
	
	
	

	NOTE 1:
The transmitter shall be set to PUMAX as defined in subclause 6.2.5A.
NOTE 2:
Reference measurement channel is A.3.2 with one sided dynamic OCNG Pattern OP.1 FDD/TDD as described in Annex A.5.1.1/A.5.2.1

NOTE 3:
The signal power is specified per port

NOTE 4:
No requirements apply when there is at least one individual RE within the transmission bandwidth of the low band for which the 2nd harmonic is within the transmission bandwidth of the high band. The reference sensitivity is only verified when this is not the case (the requirements specified in clause 7.3.1 apply).

NOTE 5:
These requirements apply when there is at least one individual RE within the transmission bandwidth of the low band for which the 3rd harmonic is within transmission bandwidth of the high band. The requirements should be verified for UL EARFCN of the low band (superscript LB) such that 
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Table 3: Uplink configuration for the low band

	E-UTRA Band / Channel bandwidth of the high band / NRB / Duplex mode

	EUTRA CA Configuration
	UL band
	1.4 MHz
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz
	Duplex mode

	CA_1A-28A
	
	
	
	8
	16
	25
	25
	FDD

	CA_4A-12A
	12
	2
	5
	8
	16
	
	
	FDD

	CA_4A-17A
	17
	
	
	8
	16
	
	
	FDD

	NOTE 1:
refers to the UL resource blocks, which shall be centred within the transmission bandwidth configuration for the channel bandwidth.

NOTE 2:
the UL configuration applies regardless of the channel bandwidth of the low band unless the UL resource blocks exceed that specified in Table 7.3.1-2 for the uplink bandwidth in which case the allocation according to Table 7.3.1-2 applies.


The requirements in Table 2 are similar to those reported in [2] and [3] for comparable CA configurations as shown in Table 4, the uplink allocation is also according to Table 3.
Table 4: Reference sensitivity for carrier aggregation QPSK PREFSENS, CA

	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_17A-4A [2]
	4
	
	
	-82.4
	-82.3
	-82.2
	-82.1
	FDD

	
	17
	
	
	-97
	-94
	
	
	

	CA_1A-28A [3]
	1
	
	
	-81.6
	-81.6
	-81.5
	-81.5
	FDD

	
	28
	
	
	-98.5
	-95.5
	-93.7
	-91
	


The MSD above could possibly be reduced slightly if a larger B28 TX duplexer attenuation at Band 1 RX could be assumed so that the 3rd order PA harmonic is reduced, but this also requires a low coupling from the RFIC and PA to the high-band transceiver. 
The missing requirements for CA_3A-8A (currently N/A) should be completed but without assumption on a harmonic filter. Band 8 is a core band that should retain its MOP performance for all operating conditions.

4
Proposal 
In order to avoid the degradation of MOP performance in the low band while still allowing design flexibility, we propose to
1. adopt a tighter TIB,c  of 0.5 dB for class A2 combinations;

2. relax the MSD requirements as indicated in Table 2 above;

3. apply the above for new combinations introduced in the specification;

4. specify requirements for CA_3A-8A (requirements missing) without an assumption of an harmonic trap.

This would also mean that a larger part of the UE population would be able indicate support of Pcell operation in all bands of supported combinations (not mandated).
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