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1. Introduction

Carrier aggregation between Band 19 and Band 28 has been identified to be very similar to B18+B28.  The effects are similar between the two combinations, with one important difference.  This contribution provides an analysis to derive MSD for B19+B28.  Corrections are also proposed for B18+B28 MSD uplink configuration.
2. Discussion

It has been recognized, for example in [2], that the B19+B28 CA combination bears similarity to the B18+B28 combination already defined.  The cross-band separation from Tx to Rx is the same, so it can be anticipated that the specifications should be the same.  However, as agreed in [1], the B19+B28 combination should be derived with a filter that can also support Band 5 since Band 19 is in practice combined with Band 5 in the filter design.  Because of the larger passband of the filter to include Band 5, some slight degradation in performance compared to B18+B28 might be expected.
2.1. Filter performance

The filter performance for a B19+B28 quadplexer is first investigated, but with modified frequency range.  The Band 19 filter covers not only Band 19 but also Band 5 (Band 5 only for single carrier operation in this quadplexer since cross isolation is not specified over the entire Band 5 range), whereas the Band 28 filter covers only the upper 30 MHz of Band 28.  Data from two filter vendors is provided and it is noted that the data from Vendor B is consistent with the data reported in [2].

	
	B5+B28B
	Vendor A
	Vendor B
	
	
	
	

	
	 
	typ (dB)
	wc (dB)
	typ (dB)
	wc (dB)
	
	
	
	

	
	B5 Tx IL
	2.6
	3.4
	2.2
	2.8
	
	
	
	

	
	B5 Rx IL
	2.5
	2.9
	2.4
	2.8
	
	
	
	

	
	B28B Tx IL
	2.9
	3.3
	3.2
	3.9
	
	
	
	

	
	B28B Rx IL
	3.1
	3.4
	2.9
	3.6
	
	
	
	

	
	B5 Tx iso
	62
	55
	59
	54
	
	
	
	

	
	B5 Rx iso
	58
	53
	57
	52
	
	
	
	

	
	B28B Tx iso
	60
	55
	55
	50
	
	
	
	

	
	B28B Rx iso
	57
	52
	51
	46
	
	
	
	

	cross iso
	B5 Tx iso
	46
	41*
	51
	36*
	Limited freq range values used in analysis

	cross iso
	B28B Rx iso
	44
	39
	49
	44
	
	
	
	

	cross iso
	B28B Tx iso
	60
	55
	70
	60
	
	
	
	

	cross iso
	B5 Rx iso
	45
	40
	51
	46
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	cross iso
	B5 Tx iso
	58
	48
	52
	47
	Limited frequency range (830 - 845 MHz)

	cross iso
	B28B Rx iso
	50
	45
	52
	47
	Limited frequency range (783 - 793 MHz)
(Not used in the analysis in this contribution)


For the analysis in this contribution, it is assumed that the CA configuration should cover the possibility of the upper 30 MHz of Band 28 (denoted as Band 28B here) and therefore, the cross band isolation over the entire B28B frequency range is considered.  The cross isolation over the limited frequency range of 783 - 793 MHz is included for information, but is not used in the analysis.  The Band 5 port of the quadplexer includes the possibility to support single carrier operation over both Band 5 and Band 19.  However, for CA with B19+B28, only the Band 19 portion is considered in the analysis since it is only Band 19 that is being proposed for aggregation.  Thus, the cross band isolation for Band 5 is considered over the limited frequency range 830 - 845 MHz in this following analysis.
Nonetheless, the cross-band isolation values fall short of expected isolation values of 50 dB and 55 dB for Rx and Tx, respectively.  Thus, some active noise component will be present causing sensitivity degradation (MSD) when the UE is transmitting in one band while the receiving in the other.

2.2. TIB and RIB
Values for TIB and RIB of 0.5 dB and 0 dB have been proposed in [2].  Although the values appear aggressive compared to the insertion loss experienced by the RF front-end, these are the same values that have been agreed for B18+B28 and can therefore be applied to this band combination as well for consistency.
2.3. MSD analysis

For the case of uplink in Band 28, it is estimated that no MSD is required.  
For the case of uplink in Band 19, however, the proximity of uplink to downlink and the limited cross-band isolations available from the quadplexer lead to noise sources impacting Band 28 downlink while Band 19 uplink is simultaneously active.  The noise sources include Tx noise, phase noise, and reciprocal mixing products which couple into the receiver as well as noise generated within the receiver itself due to its limited IP2.  To conduct the analysis, the following parameters have been assumed


Band 28 Rx front end loss:  6 dB 


PA noise in Rx band: -122 dBm/Hz


Tx and Rx phase noise:  Approximately -150 dBc/Hz


IP2: 48 dBm


Primary-diversity antenna isolation:  10 dB

The following MSD values are derived
	PCC B19 CBW
	SCC B28 CBW
	MSD (B28 DL) Vendor B

	5
	5
	4.53 → 4.5

	5
	10
	3.84 → 4.0

	10
	5
	4.69 → 5.0

	10
	10
	4.00 → 4.0

	15
	5
	5.13 → 5.0

	15
	10
	4.51 → 4.5


Applying these values to the reference sensitivity exception values expressed in Table 7.3.1A-0bA of TS 36.101, we take the largest MSD value for a given Band 28 SCC bandwidth to derive the specification.  In this case, the MSD becomes 5.0 dB when the Band 28 channel bandwidth is 5 MHz and 4.5 dB when the Band 28 channel bandwidth is 10 MHz, for all options of Band 19 channel bandwidth.
	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-3A4
	1
	
	
	-100
	-97
	-95.2
	-94
	FDD

	
	3
	
	
	-94
	-91.5
	-90
	-89
	

	CA_1A-3A5
	1
	
	
	-100
	-97
	-95.2
	-94
	FDD

	
	3
	
	
	-97
	-94
	-92.2
	-91
	

	CA_18A-28A6
	18
	
	
	-100
	-97
	-95.2
	
	

	
	28
	
	
	-94
	-92.5
	
	
	

	CA_19A-28A7
	19
	
	
	-100
	-97
	-95.2
	
	FDD

	
	28
	
	
	-93.5
	-91
	
	
	

	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:
These requirements apply when the uplink is active in Band 1 and the separation between the lower edge of the uplink channel in Band 1 and the upper edge of the downlink channel in Band 3 is < 60 MHz. For each channel bandwidth in Band 3, the requirement applies regardless of channel bandwidth in Band 1.
NOTE 5:
These requirements apply when the uplink is active in Band 1 and the separation between the lower edge of the uplink channel in Band 1 and the upper edge of the downlink channel in Band 3 is ≥ 60 MHz. For each channel bandwidth in Band 3, the requirement applies regardless of channel bandwidth in Band 1.

NOTE 6:
These requirements apply when the uplink is active in Band 18 and the downlink channels in Band 28 are confined within the restricted frequency range specified for this CA configuration (Table 5.5A-2). For each channel bandwidth in Band 28, the requirement applies regardless of channel bandwidth in Band 18.
NOTE 7:
These requirements apply when the uplink is active in Band 19 and the downlink channels in Band 28 are confined within the restricted frequency range specified for this CA configuration (Table 5.5A-2). For each channel bandwidth in Band 28, the requirement applies regardless of channel bandwidth in Band 19.


It can be seen that there is additional MSD degradation in this band combination compared to the B18+B28 combination that has been already agreed.  Despite the similarity in frequency arrangement, the difference comes from the difference in estimated filter performance due to the increased passband of the Band 19 filter to accommodate Band 5.  Such a requirement is not present for the B18+B28 quadplexer.  
2.4. Uplink configuration

Inherent in the MSD analysis above is an assumption of PA noise at -122 dBm/Hz.  In order to meet this level of PA noise, the uplink configuration in Band 19 must be reduced to minimize the PA spectral regrowth.  One method of analysis [3][4] is a normalized frequency separation between the edge of the transmission bandwidth configuration and the receive channel to enable PA emissions to decay sufficiently.  Following the methodology of [3], we derive the uplink configuration as follows

Table 7.3.1A-0bB: Uplink configuration for the low band (exceptions for two bands)
	E-UTRA Band / Channel bandwidth / 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-3A1, 2
	1
	
	
	25
	25
	25
	25
	FDD

	CA_1A-3A1, 3
	1
	
	
	25
	45
	45
	45
	FDD

	CA_18A-28A4
	18
	
	
	18
	18
	18
	
	FDD

	CA_19A-28A4
	19
	
	
	18
	18
	18
	
	FDD

	NOTE 1:
refers to the UL resource blocks shall be located as close as possible to the downlink channel in Band 3 but confined within the transmission bandwidth configuration for the channel bandwidth (Table 5.6-1) in the uplink channel in Band 1.

NOTE 2:
UL allocation when the separation between the lower edge of the uplink channel in Band 1 and the upper edge of the downlink channel in Band 3 is < 60 MHz
NOTE 3:
UL allocation when the separation between the lower edge of the uplink channel in Band 1 and the upper edge of the downlink channel in Band 3 is ≥ 60 MHz.

NOTE 4:
refers to the UL resource blocks shall be located as close as possible to the downlink channel in Band 28 but confined within the transmission bandwidth configuration for the channel bandwidth (Table 5.6-1).


It is noted that the uplink configuration proposed here differs from the uplink configuration already agreed for B19+B28.  In fact, it was in preparing the analysis for this contribution that we recognized that there is also an error in the B18+B28 uplink configuration that should be corrected.  Correction of B18+B28 specifications shall be handled in a separate CR.  It is also noted that the uplink should be placed closest to the downlink band of the cross-band receiver which in this case is Band 28 for worst case location.  Thus, the Note 4 in the table is also proposed to be modified if this was the intention.
3. Conclusion
In this contribution, filter simulation results and MSD analysis have been provided for the B19+B28 CA band combination.  Due to the close proximity of uplink to downlink and the poor cross isolation performance offered by the quadplexer, an MSD must be defined for this band combination.  Note that the MSD degradation is only present when there is simultaneous transmission in Band 19 and reception in Band 28.  In other cases, such as single carrier operation in Band 28, the MSD does not apply.
Thus, we propose the following way forward points for agreement

1. MSD reference sensitivity values of -93.5 dBm and -91 dBm for 5 and 10 MHz channel bandwidth in Band 28

2. Uplink configuration of 18 RB in Band 19 for 5, 10, and 15 MHz channel bandwidth.
3. Correction to CA_18A-28A uplink configuration for MSD to also apply uplink configuration of 18 RB's.

4. Modification of note for uplink configuration to place the uplink RB's in the worst case location nearest to the cross-band receive band, Band 28.
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