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1 Background
In this paper we continue the discussion in [1] on the allowed MSD for the CA_1A-28A configuration and the use of an additional filter for suppression of the 3rd order B28 transmitter harmonic with a penalty on the MOP performance of B28 due to the filter IL. We use this particular example to propose a default setting that harmonic filters are not assumed for deriving requirements for class A2 band combinations in order to avoid the MOP degradation.
The B1 + B28 combination has a similar aggressor TX band and the same victim RX band as the agreed B4 + B12. Hence it should be straight forward to agree the MSD. However, it has also been proposed to reclassify some A2 combinations – the B7 + B8 to be precise – as an A1 and not specify the sensitivity when harmonic exceptions occur. The concern is the additional relaxation allowed for the low TX band for accommodating a harmonic trap (0.5 dB) needed for reducing the MSD in the high RX band. 
The reclassification of A2 combinations into A1 are often motivated by current operator band deployments [2]. However, for completeness of the specification, band combinations should not be reclassified unless there is a technical motivation or the operational restrictions in a band prevent the occurrence of harmonic problems. By not assuming a harmonic filter for the requirements, the additional TX relaxation is avoided and the penalty reduced for band combinations for which harmonic exceptions exist but are rare. This would be at the expense of a slightly higher MSD.
2 CA_1A-28A with and without a harmonic filter
The results for B1 + B28 provided in [3] are based the results for B4 + B17 presented in [4]. These are based on an assumed harmonic rejection of 30 dB in addition to a combined B17 TX duplexer and diplexer rejection of 55 dB at B4 RX for suppression of the 3rd order TX harmonic. Other sources of interference were also included in the analysis provided in [4].

The 3rd order TX harmonic is a major source of interference in case the total TX filter rejection is limited (less than 50 dB say). In the absence of a harmonic filter, the rejection of the 3rd order HD has to be provided by the B28 TX filter and the diplexer, while the antenna isolation provides further isolation for the additional RX path if a diversity receiver is considered. Figure 1 shows the filter trace for a SAW implementation of a B28 TX filter at ambient temperature. We note that the attenuation of at least 30 dB can be guaranteed at B1 RX. 
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Figure 1: Band 28 TX filter (upper duplexer) at room temperature.
Next we show the estimated MSD as a function of the rejection of the B28 TX filter at B1 RX without a harmonic filter. The specified PA 3rd harmonic is -20 dBm at the TX port. We assume a diplexer rejection of 25 dB at B1 RX and an antenna isolation of 10 dB with cables attached (conductive measurement). The 3rd order TX harmonic is the main source of interference with insufficient rejection at B1 RX, but we also account for other sources such as LNA non-linearity, switch non-linearity and leakage in the front-end and RFIC. It is assumed that the Band 1 RX filter supplies 35 dB attenuation in the Band 28 TX band, the diplexer rejection at Band 28 RX is assumed to be 25 dB. 

The resulting MSD with respect to the 3GPP requirements for Band 1 are shown in Table 1 with an UL allocation in Band 28 of 8 RB, 16 RB, 25 RB and 25 RB for the respective 5 MHz, 10 MHz, 15 MHz and 20 MHz bandwidths:
Table 1: MSD versus B28 TX duplexer rejection at B1 RX
	B28TX @ B1RX

[dB]
	Channel bandwidth for B1

	
	5 MHz
(dB)
	10 MHz
(dB)
	15 MHz
(dB)
	20 MHz
(dB)

	35
	12
	9.5
	8
	7

	40
	8
	5.5
	4.5
	4

	45
	5
	3
	2
	1.5


We note an increase of the MSD compared to the results in [2] that are based on additional rejection in case the duplexer attenuation is less than 40 dB. The increase of the MSD is of the order of 3 dB for an assumed duplexer rejection of 35 dB, which should be possible without increase of Band 28 TX insertion loss as evident from the filter trace shown in Figure 1. The upside is that there is no need to accommodate additional IL at B28 TX for accommodating a harmonic filter. 
Table 2 shows the results with a harmonic filter after the B28 PA and an assumed Band 28 TX duplex filter rejection of 30 dB. For a 20 dB additional rejection, MSD = 0 dB for the 20 MHz bandwidth.
Table 2: MSD versus additional harmonic rejection
	ATT @ B1RX

[dB]
	Channel bandwidth for B1

	
	5 MHz

(dB)
	10 MHz

(dB)
	15 MHz

(dB)
	20 MHz

(dB)

	0
	17
	14
	12
	11

	15
	5
	3
	2
	1.5

	20
	3
	1.5
	0.5
	0


The resulting requirements for CA_1A-28A are shown in Table 3 and Table 4 for a diplexer rejection of 25 dB and an assumption of a 35 dB additional rejection at B1 RX by the Band 28 TX filter. For Band 1 we observe a slight degradation of the performance compared to the CA_4A-12A requirements. For the Band 28 requirements we have assumed RIB,c = 0 dB.

Table 3: 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
	
	
	[-88]
	[-87.5]
	[-87.2]
	[-87]
	

	
	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 4: 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.


Table 3 shows the results with a harmonic filter and an assumed RIB,c = 0.5 dB for Band 28:
Table 5: 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
	
	
	[-97]
	[-95.5]
	[-94.7]
	[-94]
	

	
	28
	
	
	-98
	-95
	-93.2
	-90.5
	


The advantage without the harmonic filter is that the relaxations for Band 1 and Band 28 maximum output power (MOP) requirements can be limited to a mere TIB,c = 0.3 dB due to the diplexer. For class A2 combinations in general, it may be easier to accept a higher MSD if the reward is a lower penalty on MOP performance for the low band. MSD is only needed in exceptional case; it represents the worst case when harmonics fall in the upper receive band at maximum output power in the low band, whereas a MOP degradation (TIB,c = 0.8 dB) for Band 28 is always present.
We also note that the MSD is a minimum performance requirement, and that margins for REFSENS are often more large for a typical device. The margins to the MOP minimum requirements are less.

3 Proposal

We propose that harmonic filters are not assumed for deriving requirements for class A2 combinations, unless there are specific band arrangements for which the combined duplexer and diplexer attenuation are insufficient and the occurrence of harmonic exceptions likely. This would also avoid any discussions on reclassification of A2 combinations due to legitimate concerns with degraded TX performance in the low band.
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