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1.  Introduction 
The WI of B8+B42+B42 (3DL/1UL) was approved in RAN#67 [1] that includes B8+B42 (2DL/1UL) as a constituent 2DL combination to be defined.  This contribution focuses on IMD/harmonics issues related to 2DL/1UL B8+B42 and 3DL is discussed in the companion document [2].
TP is provided for approval to capture the discussions above.
2.  Basic scheme and work tasks
The bands of interest are shown below:

Table 1: 2DL Inter-band CA operating bands for CA_8-42
	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_8-42
	8
	880 MHz
	–
	915 MHz
	1.4, 3, 5, 10 
	925 MHz
	–
	960 MHz
	1.4, 3, 5, 10
	FDD

	
	42
	3400 MHz
	–
	3600 MHz
	5, 10,15, 20
	3400 MHz
	–
	3600 MHz
	5, 10, 15, 20
	TDD


 B8+B42 bandwidth configurations to be covered are as below:

Table 2:  Proposed bandwidth combinations for CA_8-42
	CA operating / Channel bandwidth
	Maximum aggregated bandwidth
[MHz]
	Bandwidth combination set

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

	CA_8A-42A
	8
	Yes
	Yes
	Yes
	Yes
	
	
	30
	0

	
	42
	
	
	Yes
	Yes
	Yes
	Yes
	
	


3.  IMD/Harmonics study
The harmonic relations of Band 8 and Band 42 for UE are calculated as table.3.  It is observed that the 4th harmonics of Band 8 UL will fall into a portion of Band 42.
Table 3: Band 8, Band 42 and Band 42 UL harmonics
	
	
	
	
	
	2nd  Harmonic
	3rd  Harmonic
	4th  Harmonic

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

	8
	880
	915
	925
	960
	1760
	1830
	2640
	2745
	3520
	3660

	42
	3400
	3600
	3400
	3600
	6800
	7200
	10200
	10800
	13600
	14400


Thus, B8+B42 should be categorized as A2.

[Proposal-1] B8+B42 should be defined as Class A2.
For BS, harmonics and IMDs are calculated in table 4 below:

Table 4: Band 8 and Band 42 DL harmonics and IMD products

	BS DL carriers
	f1_low
	f1_high
	f2_low
	f2_high

	DL frequency (MHz)
	925
	960
	3400
	3600

	2nd order harmonics frequency range (MHz)
	1850
	1920
	6800
	7200

	3rd order harmonics frequency range (MHz)
	2775
	2880
	10200
	10800

	2nd order IMD products
	|f2_low – f1_high|
	|f2_high – f1_low|
	|f2_low + f1_low|
	|f2_high + f1_high|

	IMD frequency limits (MHz)
	2440
	2675
	4325
	4560

	3rd order IMD products
	|f2_low – 2*f1_high|
	|f2_high – 2*f1_low|
	|2*f2_low – f1_high|
	|2*f2_high – f1_low|

	IMD frequency limits (MHz)
	1480
	1550
	5840
	6275

	3rd order IMD products
	|2*f1_low + f2_low|
	|2*f1_high + f2_high|
	|2*f2_low + f1_low|
	|2*f2_high + f1_high|

	IMD frequency limits (MHz)
	5250
	5520
	7725
	8160

	3rd order IMD products
	|f1_low – f2_high + f2_low|
	|f1_high + f2_high – f2_low|
	|f2_low – f1_high + f1_low|
	|f2_high + f1_high – f1_low|

	IMD frequency limits (MHz)
	725
	1160
	3365
	3635

	3rd order IMD products (with maximum channel bandwidth)
	(f1_low – f2_BWmax)
	(f1_high + f2_BWmax)
	(f2_low – f1_BWmax)
	(f2_high + f1_BWmax)

	IMD frequency limits (MHz)
	905
	980
	3390
	3610


It can be seen from table 4 that:

· the 2nd harmonics of BS transmitting in Bands 8 and 42 may fall into the BS receive band of Bands 2, 25, 33, 35, 37 and 39,
· the 3rd harmonics may fall into none of BS receive band,

· the 2nd IMD products may fall into the BS receive band of Bands 7 and 41, 

· the 3rd IMD products may fall into the BS receive band of Bands 5, 6, 8, 12, 13, 14, 17, 18, 19, 20, 26, 27, 28, 42, 43 and 44
assuming (except the last row) the whole 35MHz DL frequency of Band 8 and the whole 200 MHz DL frequency of Band 42.
If the BS is only transmitting up to 10 MHz DL in Band 8 and 20MHz DL in Band 42 as stated in the WID, then the 3rd IMD products will not fall into the BS receive band of Band 5, 6, 12, 13, 14, 17, 18, 19, 20, 26, 27, 28 and 44 as shown in the last row in table 4.
In terms of fall down to own BS receive band, special care must be taken for the case that one of three tone IMDs falls to Band 8 UL region. In addition, another three tone IMD may fall to Band 42 UL region. Checking Band 8 fall down, affected BS receive portion is the upmost 10MHz (905- 915MHz) while BS transmit portion to generate the relevant IMD3 is the lowest 10MHz (925- 935MHz), assuming Band 42 bandwidth as 20MHz. So this only happens when a BS operates the lowest and the highest 10MHz of Band 8 simultaneously. Concerning Band 42 fall down, it does not matter since Band 42 is TDD, i.e. BS receiver of Band 42 is expected to be stopped whenever such IMD is generated due to simultaneous BS transmit of Band 8 and Band 42.
Therefore, the focus here will be on the harmonics and IMD falling into Bands 7, 41 and 43.
With the performances of the current BS antenna system, transmit and receive path components, amplifiers, pre-distortion algorithms and filters, it is expected that the IMD interference generated within the Band 7and 41 receiver would be well below the receiver noise floor eliminating the possibility of receiver desensitization, provided that Bands 8 and 42 BS transmitters do not share the same antenna with 7 and 41 BS receiver.
For Band 43, as the band is next to Band 42, care must be taken on actual spectrum arrangement.

4.  Text Proposal
TP relevant to discussion above is shown in Annex. 

5.  Conclusion 
This paper proposes TP for IMD/harmonic result of B8+B42 2DL/1UL.

6.  Reference 
[1]　RP-142194
New Work Item Proposal: LTE Advanced 3 Band Carrier Aggregation (3DL/1UL) of Band 8, Band 42 and Band 42, SoftBank Mobile
[2]    R4-150038
TP to REL-13 3DL TR36.8xx: IMD/Harmonics Issues on LTE-A Inter-band Carrier Aggregation (3DL/1UL) of Band 8, Band 42 and Band 42, SoftBank Mobile
Annex.   Proposed text for TR36.8xx : 2DL/1UL Carrier Aggregation
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7.2.Y
LTE-Advanced Carrier Aggregation of Band 8 and Band 42 (1 UL)
Table 7.2.Y-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_8-42
	8
	880 MHz
	–
	915 MHz
	1.4, 3, 5, 10
	925 MHz
	–
	960 MHz
	1.4, 3, 5, 10
	FDD

	
	42
	3400 MHz
	–
	3600 MHz
	5, 10, 15, 20
	3400 MHz
	–
	3600 MHz
	5, 10, 15, 20
	TDD


7.2.Y.1

List of specific combination issues

7.2.Y.1.1
Channel bandwidths per operating band for CA

Table 7.2.Y.1.1-1: Supported E-UTRA bandwidths per CA configuration for inter-band CA
	CA operating / channel bandwidth

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

	CA_8A-42A
	8
	Yes
	Yes
	Yes
	Yes
	
	

	
	42
	
	
	Yes
	Yes
	Yes
	Yes


NOTE: 
For the UE that signals support of any bandwidth combination set for carrier aggregation, the UE shall support all single carrier bandwidths for the constituent bands as defined in table 5.6.1-1 of TS 36.101 [z] when operating in single carrier mode.
7.2.Y.1.2
Co-existence studies for CA_8-42
As shown in table 7.2.Y.1.2-1, the 4th harmonic of Band 8 UL will fall into Band 42 DL. 
Table 7.2.Y.1.2-1: Impact of UL/DL Harmonic Interference
	
	
	
	
	
	2nd  Harmonic
	3rd  Harmonic
	4th  Harmonic

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

	8
	880
	915
	925
	960
	1760
	1830
	2640
	2745
	3520
	3660

	42
	3400
	3600
	3400
	3600
	6800
	7200
	10200
	10800
	13600
	14400


7.2.Y.1.2.1
Co-existence studies for 1 UL/2 DL

The 2nd and 3rd order harmonics and IMD products caused in the BS by transmitting of Band 8 and Band 42 DL carriers can be calculated as shown in Table 7.2.Y.1.2.1-1 below:

Table 7.2.Y.1.2.1-1: Band 8 and Band 42 DL harmonics and IMD products
	BS DL carriers
	f1_low
	f1_high
	f2_low
	f2_high

	DL frequency (MHz)
	925
	960
	3400
	3600

	2nd order harmonics frequency range (MHz)
	1850
	1920
	6800
	7200

	3rd order harmonics frequency range (MHz)
	2775
	2880
	10200
	10800

	2nd order IMD products
	|f2_low – f1_high|
	|f2_high – f1_low|
	|f2_low + f1_low|
	|f2_high + f1_high|

	IMD frequency limits (MHz)
	2440
	2675
	4325
	4560

	3rd order IMD products
	|f2_low – 2*f1_high|
	|f2_high – 2*f1_low|
	|2*f2_low – f1_high|
	|2*f2_high – f1_low|

	IMD frequency limits (MHz)
	1480
	1550
	5840
	6275

	3rd order IMD products
	|2*f1_low + 
f2_low|
	|2*f1_high + f2_high|
	|2*f2_low + f1_low|
	|2*f2_high + f1_high|

	IMD frequency limits (MHz)
	5250
	5520
	7725
	8160

	3rd order IMD products
	|f1_low – f2_high + f2_low|
	|f1_high + f2_high – f2_low|
	|f2_low – f1_high + f1_low|
	|f2_high + f1_high – f1_low|

	
	725
	1160
	3365
	3635

	3rd order IMD products
(Considering Max BW)
	(f1_low – max BW f2)
	(f1_high + max BW f2)
	(f2_low – max BW f1)
	(f2_high + max BW f1)

	IMD frequency limits (MHz)
	905
	980
	3390
	3610


It can be seen from Table 7.2.Y.1.2.1-1 that the 2nd harmonics of BS transmitting in Band 8 may fall into the BS receive band of Bands 2, 25, 33, 35, 37 and 39 and none of 3rd harmonics may fall into the any E-UTRA operating BS receive band. In addition none of 2nd/3rd  harmonics of BS transmitting in Band 42 may fall into the any E-UTRA operating BS receive band due to its so high frequency. 
Meanwhile the 2nd IMD products caused by BS supporting carrier aggregation of Band 8 and Band 42 may fall into the BS receive band of Band 7 and 41 and 3rd IMD products may fall into the BS receive band of Band 5, 6, 12, 13, 14, 17, 18, 19, 20, 26, 27, 28 and 44. Note that the calculation in Table 7.2.Y.1.2.1-1 (except the last row) assumes the BS is transmitting with the whole 35 MHz DL frequency of Band 8 and the whole 200 MHz DL frequency of Band 42. 
If the BS is only transmitting up to 10 MHz DL in Band 8 and 20MHz DL in Band 42 as stated in the WID, then the 3rd IMD products will not fall into the BS receive band of Band 5, 6, 12, 13, 14, 17, 18, 19, 20, 26, 27, 28 and 44 as shown in the last row in table 4.

In terms of fall down to own BS receive band, special care must be taken for the case that one of three tone IMDs falls to Band 8 UL region. In addition, another three tone IMD may fall to Band 42 UL region. Checking Band 8 fall down, affected BS receive portion is the upmost 10MHz (905- 915MHz) while BS transmit portion to generate the relevant IMD3 is the lowest 10MHz (925- 935MHz), assuming Band 42 bandwidth as 20MHz. So this only happens when a BS operates the lowest and the highest 10MHz of Band 8 simultaneously. Concerning Band 42 fall down, it does not matter since Band 42 is TDD, i.e. BS receiver of Band 42 is expected to be stopped whenever such IMD is generated due to simultaneous BS transmit of Band 8 and Band 42.
Therefore, the focus here will be on the harmonics and IMD falling into Bands 7, 41 and 43.
With the performances of the current BS antenna system, transmit and receive path components, amplifiers, pre-distortion algorithms and filters, it is expected that the IMD interference generated within the Band 7, 41 and 43 receiver would be well below the receiver noise floor eliminating the possibility of receiver desensitization, provided that Bands 8 and 42 BS transmitters do not share the same antenna with 7, 41 or 43 BS receiver.
For Band 43, as the band is next to Band 42, care must be taken on actual spectrum arrangement.
7.2.Y.1.3
∆TIB and ∆RIB values

Following relaxations are allowed for the UE which supports inter-band carrier aggregation of Band 8 and Band 42.

Table 7.2.Y.1.3-1: TIB,c 
	Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c  [dB] 



	CA_8A-42A
	8
	[TBD]

	
	42
	[TBD]


Table 7.2.Y.1.3-2: RIB,c 
	Inter-band CA Configuration
	E-UTRA Band
	ΔRIB,c  [dB] 



	CA_8A-42A
	8
	[TBD]

	
	42
	[TBD]
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