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1. Introduction

Inter-band carrier aggregation between Band 1 and Band 28 can be recognized to be class A2 since there is a third harmonic interference when simultaneously transmitting in Band 28 and receiving in Band 1.  We propose to treat this combination in a common manner with other A2 combinations as proposed in [1].

2. Discussion

The uplink of Band 28 is 703 - 748 MHz, while the downlink of Band 1 is 2110 - 2170 MHz.  It can be easily seen that there is significant overlap between the third harmonic of the uplink in Band 28, ranging from 2109 - 2244 MHz, with the downlink of Band 1.  Therefore, we propose to classify this combination as A2 "Low-high combination with harmonic relation between bands."

For A2 combinations, we observe that TIB and RIB for the low band are impacted by the additional of a harmonic trap filter, the MSD is derived based on harmonic interference at the input to the LNA in the high band

3. Conclusion
The Band 1 + Band 28 inter-band CA combination is found to be class A2.  We propose to reuse the same analysis as was agreed for previous A2 combinations here due to the similarity.  A text proposal is provided to include the band and bandwidth information as well as the transmitter and receiver relaxations and MSD for the class A2 combination.
Reference
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6.2
Class A2. Low-high band combination with harmonic relation between bands
6.2.1
LTE-Advanced Carrier Aggregation of Band 1 and Band 28 (1 UL)

Table 6.2.1-1: Inter-band CA

	E-UTRA CA Band
	E-UTRA operating Band
	Uplink (UL) band
	Downlink (DL) band
	Duplex

mode

	
	
	UE transmit / BS receive
	Channel BW MHz
	UE receive / BS transmit
	Channel BW MHz
	

	
	
	FUL_low  –  FUL_high 
	
	FDL_low  –  FDL_high 
	
	

	CA_1-28
	1
	1920 MHz
	–
	1980 MHz
	5,10,15,20
	2110 MHz
	–
	2170 MHz
	5,10,15,20
	FDD

	
	28
	703 MHz
	–
	748 MHz
	5,10,15,20
	758 MHz
	–
	803 MHz
	5,10,15,20
	


6.2.1.1

List of specific combination issues

6.2.1.1.1
Channel bandwidths per operating band for CA

Table 6.2.1.1.1-1: Supported E-UTRA bandwidths per CA configuration for inter-band CA

	CA operating / channel bandwidth
	Maximum aggregated bandwidth [MHz]
	Bandwidth Combination Set

	E-UTRA CA Configuration
	E-UTRA Bands
	1.4 MHz
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz
	
	

	CA_1A-28A
	1
	
	
	Yes
	Yes
	Yes
	Yes
	40
	0

	
	28
	
	
	Yes
	Yes
	Yes
	Yes
	
	

	
	1
	
	
	Yes
	Yes
	
	
	20
	1

	
	28
	
	
	Yes
	Yes
	
	
	
	


<<< Unchanged sections omitted >>>
6.2.1.1.3
∆TIB and ∆RIB values
The insertion losses for the harmonic trap filter are shown below.  

Table 6.2.1.1.3-1.  Harmonic filter insertion loss over 700 MHz and 900 MHz frequency ranges.
	
	699 - 787 MHz
	787 - 960 MHz

	Vendor A
	0.56 dB
	0.88 dB

	Vendor B
	0.60 dB (room temp)
	0.70 dB (room temp)

	Vendor C
	0.85 dB
	0.85 dB

	Vendor C (variant)
	0.45 dB
	0.45 dB

	Vendor D
	0.35 dB
	0.45 dB

	Average (not including Vendor B)
	0.55 dB
	0.66 dB


Applying a shared-pain approach for the insertion loss of the harmonic filter and diplexer, we obtain the Tx and Rx relaxations.
Table 6.2.1.1.3-1: ΔTIB,c
	Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c [dB]

	CA_1A-28A
	1
	0.3

	
	28
	0.6


Table 6.2.1.1.3-2: ΔRIB 

	Inter-band CA Configuration
	E-UTRA Band
	ΔRIB [dB]

	CA_1A-28A
	1
	0

	
	28
	0.3


6.2.1.1.4
MSD
The uplink of Band 28 is 703 - 748 MHz, while the downlink of Band 1 is 2110 - 2170 MHz.  It can be easily seen that there is significant overlap between the third harmonic of the uplink in Band 28, ranging from 2109 - 2244 MHz, with the downlink of Band 1.  Therefore, we propose to classify this combination as A2 "Low-high combination with harmonic relation between bands."

With an estimated harmonic interference level of -97.7 dBm at the input of the high band LNA, the following reference sensitivity values are provided.
Table 6.2.1.1.3-1: Reference sensitivity estimates
	Company
	Band 1

	
	5 MHz
	10 MHz
	15 MHz
	20 MHz

	Qualcomm
	-89.8
	-89.4
	-89.0
	-88.7

	Company X
	
	
	
	

	Company Y
	
	
	
	


The uplink configuration is limited in such a way that the 3rd harmonic overlap is maximized on the SCC in the high band.  However, at the same time, the uplink configuration should respect the limitations needed for reference sensitivity on the PCC since both PCC and SCC are tested simultaneously.  In the case of Band 28, the uplink configuration is limited to 25 RB in Table 7.3.1-2 of 36.101.  Thus, the upper limit for MSD testing should also be limited to 25 RB so that the conditions for reference sensitivity on the PCC can be maintained.
Table 6.2.1.1.3-2: 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
	
	
	TBD
	TBD
	TBD
	TBD
	FDD

	
	28
	
	
	-98.2
	-95.2
	-93.4
	-90.7
	

	NOTE 1:
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 6.2.1.1.3-3: 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
	28
	
	
	8
	16
	25
	25
	FDD
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