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1. Introduction

Inter-band carrier aggregation between Band 7 and Band 8 can be recognized to be class A2 since there is a third harmonic interference when simultaneously transmitting in Band 8 and receiving in Band 7.  The inclusion of a harmonic trap filter for this combination and its DTIB and DRIB have been agreed during the discussion of [1], but determination of MSD still remains.  In this contribution, we provide an estimate of MSD.

We also note that B7+B8 has been incorrectly placed in the 36.851 TR in the Class A3 chapter.  In the text proposal provided below, we also correct the section numbering to include this combination in the Class A2 chapter.

2. Discussion

Third harmonic interference has been presented previously for other similar band combinations [2] where it was shown that the additional noise at the input to the high band LNA is -97.7 dBm.  We apply the same result to this band combination to compute the MSD.

Reference

[1] R4-145554, "1+28 and 7+8 Way Forward," Vodafone

[2] R4-124627, "Band 4 + Band 17 MSD," Qualcomm Incorporated, AT&T
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6.2.2
LTE-Advanced Carrier Aggregation of Band 7 and Band 8
CA_7A-8A is designed to operate in the operating bands defined in table 6.2.2-1.

Table 6.2.2-1: Inter band CA operating bands
	E-UTRA CA Band
	E-UTRA Band
	Uplink (UL) band
	Downlink (DL) band
	Duplex

mode

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

	
	
	FUL_low   –  FUL_high
	
	FDL_low   –  FDL_high
	
	

	CA_7-8
	7
	2500 MHz
	–
	2570 MHz
	10, 15, 20
	2620 MHz
	–
	2690 MHz
	10, 15, 20
	FDD

	
	8
	880 MHz
	–
	915 MHz
	3, 5, 10
	925 MHz
	–
	960 MHz
	3, 5, 10
	


6.2.2.1

List of specific combination issues

6.2.2.1.1
Channel bandwidths per operating band for CA

Table 6.2.2.1.1-1: Supported E-UTRA bandwidths per CA configuration for inter-band CA

	CA operating / channel bandwidth
	Maximum aggregate 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_7A-8A
	7
	
	
	
	Yes
	Yes
	Yes
	30
	0

	
	8
	
	Yes
	Yes
	Yes
	
	
	
	


6.2.2.1.2
Co-existence studies for CA_7-8
The 2nd and 3rd order harmonics and IMD products caused in the BS by transmitting of Band 7 and Band 8 DL carriers can be calculated as shown in table 6.2.2.1.2-1 below:

Table 6.2.2.1.2-1: Co-existence studies for 1 UL/2 DL

	BS DL carriers
	f1_low
	f1_high
	f2_low
	f2_high

	DL frequency (MHz)
	925
	960
	2620
	2690

	2nd order harmonics frequency range (MHz)
	1850 to 1920
	5240 to 5380

	3rd order harmonics frequency range (MHz)
	2775 to 2880
	7860 to 8070

	Two-tone 2nd order IMD products
	(f2_low – f1_high(
	(f2_high – f1_low(
	(f2_low + f1_low(
	(f2_high + f1_high(

	IMD frequency range (MHz)
	1660 to 1765
	3545 to 3650

	Two-tone 3rd order IMD products
	(2*f1_low – f2_high(
&

(2*f1_low + f2_low)
	(2*f1_high – f2_low(
&

(2*f1_high + f2_high)
	(2*f2_low – f1_high(
&

(2*f2_low + f1_low)
	(2* f2_high – f1_low(
&

(2*f1_high + f2_high)

	IMD frequency range (MHz)
	700 to 840

4470 to 4610
	4280 to 4455

6165 to 6340

	Three-tone 3rd order IMD products
	(f1_low – 
max BW f2)
	(f1_high + 
max BW f2)
	(f2_low – 
max BW f1)
	(f2_high + 
max BW f1)

	IMD frequency range (MHz)
	905 to 980
	2610 to 2700


As it can be seen from table 6.2.2.1.2-1, the 2nd order harmonics from BS transmitting in Band 8 may fall in the BS receive band of Bands 2, 25, 33, 35, 37, 39. Additionally 2nd order IMD products may fall into the BS receive band of Bands 3, 4, 9, 10, 24, 42 and 43. While 3rd order IMD products may fall into the BS receive band of Bands 5, 6, 12, 13, 14, 17, 18, 19, 20, 26, 27, 28, 38, 41 and 44.

Note that the calculation in table 6.2.2.1.2-1 (except the last row) assumes the BS is transmitting with the whole 70 MHz DL frequency of Band 7 and the whole 35 MHz DL frequency of Band 8. If the BS is only transmitting up to 20 MHz DL in Band 7 and up to 10 MHz DL in Band 8 as stated in the WID, then the 3rd IMD products may only fall into the BS receive band of certain frequency range within Bands 8, 38 and 41.

 The transmit configurations of the BS transmitting in Bands 7+8 with 3rd IMD products into Band 8 receive band are:

Table 6.2.2.1.2-2: Band (7 + 8) BS transmit configurations with 3rd IMD within Bands 8 BS receive band (880-915MHz)

	Band 8 DL channel bandwidth (MHz)
	lower edge of Band 8 DL frequency block (MHz)
	Band 7 DL channel bandwidth (MHz)
	IMD frequency limits (MHz)

	5
	925 - 930
	15
	910 - 915

	5
	925 - 930
	20
	905 - 915

	10
	925 - 935
	15
	910 - 915

	10
	925 - 935
	20
	905 - 815


As it can be seen from table 6.2.2.1.2-2 when Band 7 uses 15/20MHz there may be IMD products falling into Band 8 receive band. In such cases, it could be necessary to avoid sharing the same RF path for both transmitter and receiver side, or avoid such configurations in the BS.
In table 6.2.2.1.2-3 the harmonic interference study is provided from UL perspective for Band 7 and 8. It can be seen that the harmonic frequencies fall in the UL and DL bands of Band 3. This scenario is already covered by current specifications and hence no further relaxation is required for that. It can also be seen that 3rd harmonic interference from UL Band 8 falls into Band 7 receiver band in a general case. However it is under discussion if current spectrum holdings can be taken into account, and be verified if there is no harmonic impact.
Table 6.2.2.1.2-3: Impact of UL Harmonic Interference
	
	
	
	2nd  Harmonic
	3rd  Harmonic

	Band
	UL Low Band Edge
	UL High Band Edge
	UL Low Band Edge
	UL High Band Edge
	UL Low Band Edge
	UL High Band Edge

	7
	2500
	2570
	5000
	5140
	7500
	7710

	8
	880
	915
	1760
	1830
	2640
	2745


6.2.2.1.3
∆TIB and ∆RIB values

The insertion losses for the harmonic trap filter are shown below.  

Table 6.2.2.1.3-1.  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


Following relaxations are allowed for the UE which supports inter-band carrier aggregation of Band 7 and Band 8.

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



	CA_7A-8A
	7
	0.3

	
	8
	0.6


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



	CA_7A-8A
	7
	0

	
	8
	0.2


6.2.2.1.4
MSD

The uplink of Band 8 is 880 - 915 MHz, while the downlink of Band 7 is 2620 - 2690 MHz.  It can be easily seen that there is significant overlap between the third harmonic of the uplink in Band 8, ranging from 2640 - 2745 MHz, with the downlink of Band 7.  Therefore, we propose to classify this combination as A2 "Low-high combination with harmonic relation between bands."

The following harmonic interference level estimates and reference sensitivity values are provided

Table 6.3.5.1.4-1: Reference sensitivity estimates
	Company
	Band 7

	
	Harmonic interference level at LNA input
	10 MHz
	15 MHz
	20 MHz

	Qualcomm
	-97.7
	-87.4
	-87.0
	-86.7

	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 8, 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 6.2.2.1.4-2: 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_7A-8A
	7
	
	
	
	TBD
	TBD
	TBD
	FDD

	
	8
	
	-98.9
	-96.7
	-93.7
	
	
	

	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 6.2.2.1.4-3: 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_7A-8A
	8
	
	5
	8
	16
	
	
	FDD
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