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1 Introduction
In RAN4#72bis in Singapore, [1] was approved. In it, the CA_B4_B28 was identified to be class A2. Further, great resemblance with CA_B4_B17 was noticed, and consequently the RIB and TIB values were echoed from that band combination. Also in RAN4#72bis, [2] with agreed TIB and RIB values for CA_B1_B28 was approved. The resemblance, with respect to UL harmonics interference on DL frequencies, between CA_B4_B28 and CA_B1_B28 situations is even greater than that of CA_B4_B28 and CA_B4_B17. 

Therefore, this TP seeks to align the TIB and RIB values for CA_B4_B28 with those of CA_B1_B28. 
Further, MSD analysis based on the new suggested values is provided.
2 Discussion
∆TIB and ∆RIB

As identified in [1], the UL 3rd harmonic frequencies of operating band 28 will overlap with operating band 4 in its entirety. The exactly same situation applies to the relation of band 28 3rd harmonics and operating band 1. It is therefore reasonable to apply the same interference analysis on UEs supporting CA_B1_B28 and UEs supporting CA_B4_B28.
It is expected that the components used in the two UE UL will be largely shared for the two CA cases, and so the applied relaxations can also be aligned with regard to ∆TIB and ∆RIB.
The following relaxations are proposed to replace the corresponding currently agreed and captured in TR36.8xx for CA_4-28.

Table 1: ΔTIB,c 
	Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c  [dB] 



	CA_4A-28A
	4
	0.3

	
	28
	0.6


Table 2: ΔRIB,c 
	Inter-band CA Configuration
	E-UTRA Band
	ΔRIB,c  [dB] 



	CA_4A-28A
	4
	0

	
	28
	0.2


MSD

As established in [3], for class A2 inter-band CA, the worst case uplink allocation is the one where the uplink allocation in the low band is such that there is maximum overlap of the harmonic interference over the downlink in the high band.  (Note that this is only the worst case under the definition of reference sensitivity with full downlink allocation.  Further degradation may occur when the UE transmits and receives with bandwidth allocations less than the transmission bandwidth configuration.)

It can be identified that the 3rd order harmonics of operating band 28 UL carriers fall in the band 4 DL frequency range causing maximum average impact on the DL reception in the UE when: 
· The lower edge of the band 28 carrier is above 703.4 MHz and the corresponding upper edge is below 718.4 MHz. 
· The bandwidth of the band 28 UL carrier allocation shall be one third of the fully allocated band 4 DL carrier bandwidth. 
· The centre frequency of the band 28 UL allocation shall be one third of the centre frequency of the band 4 DL carrier.
This gives the following RB allocation for band 28 UL carriers during MSD testing (Note that this applies for the carrier BW 5, 10, 15, and 20 MHz relevant for the current WI.)
Table 3: MSD carrier configuration for MSD testing of CA_4A-28A 
	Inter-band CA Configuration
	Band 4 DL carrier bandwidth
	Band 28 UL RB allocation



	CA_4A-28A


	5
	8

	
	10
	16

	
	15
	25

	
	20
	33


The highest upper edge of the band 28 UL carrier creating 3rd order harmonics in the band 4 DL band, is placed quite far away from the upper edge of the band 28 UL frequency range, and hence it is unlikely that testing the MSD will produce any substantial leakage between band 28 UL and DL through the duplex filter. Placing the band 28 carriers close to the lower edge of operating band 28 will therefore probably represent the most stringent test, as the filter roll-off of the duplexer lower edge may affect the UE sensitivity in band 28. The same effect will apply on the band 4 DL. Only UL band carriers producing harmonics interfering with DL band 4 carriers represent the worst cases.
Assuming that the allocated RBs in the band 28 UL carrier are centred on the carrier frequency (and that nominal duplex distance is used), the following examples of carrier frequency combinations can be identified:
Table 4: Example carrier configuration for MSD testing of CA_4A-28A 
	Band 28 UL and DL
	Band 4 DL



	Carrier bandwidth (MHz)
	UL carrier frequency (MHz)
	DL carrier frequency (MHz)
	Carrier bandwidth (MHz)
	DL carrier frequency (MHz)

	5
	705,9
	760,9
	5
	2117,7

	5
	706,9
	761,9
	5
	2120,7

	5
	707,9
	762,9
	5
	2123,7

	5
	705,9
	760,9
	10
	2117,7

	5
	706,9
	761,9
	10
	2120,7

	5
	707,9
	762,9
	10
	2123,7

	5
	705,9
	760,9
	15
	2117,7

	5
	706,9
	761,9
	15
	2120,7

	5
	707,9
	762,9
	15
	2123,7

	10
	708,4
	763,4
	15
	2125,2

	10
	709,4
	764,4
	15
	2128,2

	10
	710,4
	765,4
	15
	2131,2

	10
	708,4
	763,4
	20
	2125,2

	10
	709,4
	764,4
	20
	2128,2

	10
	710,4
	765,4
	20
	2131,2

	15
	710,9
	765,9
	20
	2132,7

	15
	711,9
	766,9
	20
	2135,7

	15
	712,9
	767,9
	20
	2138,7


The reference architecture used for MSD evaluation is shown in figure 1.

In addition, a corresponding, DL only architecture is assumed to describe the diversity reception circuit. 

The isolation between the main path antenna and the diversity antenna is assumed to be 8 dB.


[image: image1]
Figure 1, reference architecture used for MSD evaluation.
The PA is assumed to be operating at 27.7 dBm output power.

Table 5 shows the harmonic levels through the band 28 transmit chain.
Table 5: Harmonic levels through the reference architecture for CA_B4-B28 using B28 UL.
	Component 


	3rd harmonic generation level (dBm)
	3rd harmonic suppression (dB)
	Accumulated 3rd harmonic level (dBm)
	Acccumulated 3rd harmonic level in the diversity branch (dBm)

	PA
	-29,4
	0
	-29,4
	n/a

	duplexer
	-59,4
	30
	-56,4
	n/a

	Harmonic trap filter
	-199,4
	30
	-86,4
	n/a

	RF switch
	-77,4
	0
	-76,9
	n/a

	diplexer
	-199,4
	25
	-101,9
	-109,9


In addition to the component signal path there is PCB leakage, as described in [4], there is leakage not only through the components but also through the PCB (around the components and between signal paths). These effects are described schematically in table 6 for three different summed coupling levels through the PCB.
Table 6: Harmonic levels including PCB coupling for CA_B4-B28 using B28 UL.
	PCB coupling (dB)
	70
	75
	80

	3rd harmonic from PA
	-29,4
	-29,4
	-29,4

	3rd harmonic leakage through PCB
	-99,4
	-104,4
	-109,4

	Accumulated 3rd harmonic level main path
	-97,5
	-100,0
	-101,2

	Accumulated 3rd harmonic level diversity path
	-99,0
	-103,3
	-106,6


The corresponding analysis is made for the CA_B4-B17 ∆TIB and ∆RIB values for reference.
These values, currently agreed and captured in TR36.8xx, are as described below in Tables 1A and 2A.
Table 1A: ΔTIB,c 
	Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c  [dB] 



	CA_4A-28A
	4
	0.3

	
	28
	0.8


	Table 2A: ΔRIB,c 
Inter-band CA Configuration
	E-UTRA Band
	ΔRIB,c  [dB] 



	CA_4A-28A
	4
	0

	
	28
	0.5


Applying these values in the analysis above, the PA is assumed to be operating at 27.5 dBm output power.

This results in the harmonic levels described in tables 5A and 6A assuming the same components are used in the circuit.
Table 5A: Harmonic levels through the reference architecture for CA_B4-B28 using B28 UL.
	Component 


	3rd harmonic generation level (dBm)
	3rd harmonic suppression (dB)
	Accumulated 3rd harmonic level (dBm)
	Acccumulated 3rd harmonic level in the diversity branch (dBm)

	PA
	-30
	0
	-30
	n/a

	duplexer
	-60
	30
	-57,0
	n/a

	Harmonic trap filter
	-200
	30
	-87,0
	n/a

	RF switch
	-78
	0
	-77,5
	n/a

	diplexer
	-200
	25
	-102,5
	-110,5


Table 6A: Harmonic levels including PCB coupling for CA_B4-B28 using B28 UL.
	PCB coupling (dB)
	70
	75
	80

	3rd harmonic from PA
	-29,4
	-29,4
	-29,4

	3rd harmonic leakage through PCB
	-100
	-105
	-110

	Accumulated 3rd harmonic level main path
	-98,1
	-100,6
	-101,8

	Accumulated 3rd harmonic level diversity path
	-99,6
	-103,9
	-107,2


Comparing tables “X” with tables ”X”A, it can be seen that the increased PA harmonic power (due to the slightly higher output power required to overcome the loss in the filters with the lower ∆TIB and ∆RIB values) will result in a corresponding increase of harmonic power in the operating band 4 UE receivers. The resulting impact in terms of MSD depends on the UE design in terms of PCB isolation, receive path loss etc. 

Pending an agreed general way to assess the MSD for class 2A CA, no MSD values are proposed in this contribution.
3 Conclusion
· The ∆TIB and ∆RIB values for CA_B4A-B28A is proposed to be aligned with the values for CA_B1A-B28A.
· Harmonic generation and leakage, and its impact on band 4 DL reception under band 28 UL transmission is analysed.
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5 Text Proposal
The UE situation is almost identical to the corresponding CA_1-28 case. Therefore, the remedy applied for CA_1-28 can be used also for CA_4-28.
It is noted that an essential part of this remedy is the introduction of a harmonic trap filter in the UE band 28 path, which affect both the UL and the DL performance.

5.1.1.1.1 6.2.2.1.3
ΔTIB,c and ΔRIB values


Following relaxations are allowed for the UE which supports inter-band carrier aggregation of Band 4 and Band 28.

Table 6.2.2.1.3-1: ΔTIB,c 
	Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c  [dB] 



	CA_4A-28A
	4
	0.3

	
	28
	0.6


Table 6.2.2.1.3-2: ΔRIB,c 
	Inter-band CA Configuration
	E-UTRA Band
	ΔRIB,c  [dB] 



	CA_4A-28A
	4
	0

	
	28
	0.2
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