3GPP TSG-RAN WG4 Meeting #78bis
R4-161904
San Jose del Cabo, Mexico, 11 – 15 Apr., 2016
Source:
SoftBank Corp.
Title:
TP for TR36.714-02-01: IMD/Harmonics Issues and relaxations on LTE-A Inter-band Carrier Aggregation (2DL/1UL) of Band 11 and Band 41
Agenda item:
7.2.1
Document for:
Approval

1.  Introduction 
The WI of B11+B41 (2DL/1UL) was approved in RAN#71 as a basket WI [1]. This contribution discusses IMD/harmonics and filter performance issues related to B11+B41. 
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_11-41
	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_11-41
	11
	1427.9 MHz
	–
	1447.9 MHz
	5, 10 
	1475.9 MHz
	–
	1495.9 MHz
	5, 10
	FDD

	
	41
	2496 MHz
	–
	2690 MHz
	5, 10,15, 20
	2496 MHz
	–
	2690 MHz
	5, 10, 15, 20
	TDD


 B11+B41 bandwidth configurations to be covered are as below:

Table 2:  Proposed bandwidth combinations for CA_11-41
	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_11A-41A
	11
	
	
	Yes
	Yes
	
	
	30
	0

	
	41
	
	
	Yes
	Yes
	Yes
	Yes
	
	


3.  Harmonics and IMD study
The harmonic relations of Band 11 and Band 41 UL are calculated as table.3.  It can be concluded that no harmful fall down toward DL bands of interest is observed in UE side.

Table 3: Band 11 and Band 41 UL harmonics
	
	
	
	
	
	2nd  Harmonic
	3rd  Harmonic
	2nd  Harmonic
	3rd  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
	DL Low Band Edge
	DL High Band Edge
	DL Low Band Edge
	DL High Band Edge

	11
	1427.9
	1447.9
	1475.9
	1495.9
	2855.8
	2895.8
	4283.7
	4343.7
	2951.8
	2991.8
	4427.7
	4487.7

	41
	2496
	2690
	2496
	2690
	4992
	5380
	7488
	8070
	4992
	5380
	7488
	8070


B11+B41 can be categorized as A5 since Band 11 is “mid band” and it was proved that there is no harmonic relation on UE side.

[Proposal-1] B11+B41 does not include any harmonic relation on UE side.

For BS, the 2nd and 3rd order harmonics and IMD products caused in the BS by transmitting of band 11 and band 41 DL carriers can be calculated as shown in table 4 below:

Table 4: Band 11 and Band 41 DL harmonics and IMD products
	BS DL carriers
	f1_low
	f1_high
	f2_low
	f2_high

	DL frequency (MHz)
	1475.9
	1495.9
	2496
	2690

	2nd order harmonics frequency range (MHz)
	2951.8
	2991.8
	4992
	5380

	3rd order harmonics frequency range (MHz)
	4427.7
	4487.7
	7488
	8070

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

	IMD frequency limits (MHz)
	1000.1
	1214.1
	3971.9
	4185.9

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

	IMD frequency limits (MHz)
	261.8
	495.8
	3496.1
	3904.1

	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)
	5447.8
	5681.8
	6467.9
	6875.9

	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)
	1281.9
	1689.9
	2476
	2710

	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)
	1455.9
	1515.9
	2486
	2700


It can be seen from table 4 that:

· the 2nd harmonics of BS transmitting in Bands 11 and 41 may fall into the BS receive band of Band 46,
· the 3rd harmonics may fall into none of BS receive band of 3GPP
· the 2nd IMD products may fall into none of BS receive band of 3GPP  

· the 3rd IMD products may fall into the BS receive band of Bands 7, 11, 21, 24, 31, 38, 41, 42 and 43, 

assuming (except the last row) the whole 20MHz DL frequency of Band 11 and the whole 194 MHz DL frequency of Band 41.
If the BS is only transmitting up to 10 MHz DL in Band 11 and 20MHz DL in Band 41 as stated in the WID, then the 3rd IMD products will not fall into the BS receive band of Band 11 and 24 as shown in the last row in table 4.
It should be noted that, at the time of writing, Bands 7, 31, 38, 43 and 46 are not intended for use in the same geographical area as Bands 11 and 41. In addition, TDD BS does not transmit and receive simultaneously in a single band, the BS’s own Band 41 receiver and other synchronized Band 41 receivers would not be interfered. Therefore, the focus here will be on the harmonics and IMD falling into Bands 21 and 42.
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 21 or 42 receiver would be well below the receiver noise floor eliminating the possibility of receiver desensitization, provided that Bands 11 and 41 BS transmitters do not share the same antenna with Band 21 or 42 BS receiver.
4. ∆TIB and ∆RIB
Concerning CA of a mid-band and a high-band, a default values of ∆TIB=0.5dB and ∆RIB=0dB were agreed [2] but only for FDD-FDD cases, probably because of concerns on TDD filter performance such as in Band 41. FDD-TDD CA needs filter study and we got feedbacks from filter vendors on RF filter configuration and performance for B11+B41 CA. Their responses are:

(1) diplexer + duplexer approach (not quadplexer) is likely due to large separation between two bands of interest,
(2) harmful performance of Band 41 filter does not reach Band 11 region and,
(3) additional ILs for the diplexer (under ETC/Worst) are as below:

Table 3:  Additional IL of diplexer for CA_11-41
	
	Vendor A
	Vendor B
	Vendor C
	Average

	B11 IL
	0.5dB
	0.55dB
	0.5dB
	0.52dB

	B41 IL
	0.8dB
	0.4dB
	0.5dB
	0.57dB


These averaged values are similar to the ones for Low-High common diplexer. Thus we’d like to propose to adapt the following values which are the same as the common diplexer.
[Proposal-2] ∆TIB=0.3dB and ∆RIB=0dB are to be applied for both B11 and B41.
5.  Text Proposal
 TP relevant to discussion above is shown in Annex. 
6.  Conclusion 
This paper investigates IMD/harmonic relation of B11+B41 and proposes ∆TIB and ∆RIB as per default. Essential proposals in addition to TP are:

[Proposal-1] B11+B41 does not include any harmonic relation on UE side.

[Proposal-2] ∆TIB=0.3dB and ∆RIB=0dB are to be applied for both B11 and B41.
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6.X
CA_11A-41A_BCS0

6.X.1
Operating bands for CA
Table 6.X.1-1: Inter-band CA 
	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_11-41
	11
	1427.9 MHz
	–
	1447.9 MHz
	5, 10 
	1475.9  MHz
	–
	1495.9  MHz
	5, 10
	FDD

	
	41
	2496 MHz
	–
	2690 MHz
	5, 10, 15, 20
	2496 MHz
	–
	2690 MHz
	5, 10, 15, 20
	TDD


6.X.2

Channel bandwidths per operating band for CA

Table 6.X.2-1: Supported E-UTRA bandwidths per CA configuration for inter-band CA 

	CA operating / channel bandwidth
	Bandwidth Combination Set

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

	CA_11A-41A
	11
	
	
	Yes
	Yes
	
	
	0

	
	41
	
	
	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 [6] when operating in single carrier mode.

6.X.3
Co-existence studies
The harmonic relations of Band 11 and Band 41 are calculated as Table 6.X.3-1.  It can be concluded that no harmful fall down toward DL bands of interest is observed.

Table 6.X.3-1: Impact of UL Harmonic Interference

	
	
	
	
	
	2nd  Harmonic
	3rd  Harmonic
	2nd  Harmonic
	3rd  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
	DL Low Band Edge
	DL High Band Edge
	DL Low Band Edge
	DL High Band Edge

	11
	1427.9
	1447.9
	1475.9
	1495.9
	2855.8
	2895.8
	4283.7
	4343.7
	2951.8
	2991.8
	4427.7
	4487.7

	41
	2496
	2690
	2496
	2690
	4992
	5380
	7488
	8070
	4992
	5380
	7488
	8070


Table 6.X.3-2: Band 11 and Band 41 DL harmonics and IMD products

	BS DL carriers
	f1_low
	f1_high
	f2_low
	f2_high

	DL frequency (MHz)
	1475.9
	1495.9
	2496
	2690

	2nd order harmonics frequency range (MHz)
	2951.8
	2991.8
	4992
	5380

	3rd order harmonics frequency range (MHz)
	4427.7
	4487.7
	7488
	8070

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

	IMD frequency limits (MHz)
	1000.1
	1214.1
	3971.9
	4185.9

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

	IMD frequency limits (MHz)
	261.8
	495.8
	3496.1
	3904.1

	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)
	5447.8
	5681.8
	6467.9
	6875.9

	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)
	1281.9
	1689.9
	2476
	2710

	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)
	1455.9
	1515.9
	2486
	2700


It can be seen from Table 6.X.3-2 that:

· the 2nd harmonics of BS transmitting in Bands 11 and 41 may fall into the BS receive band of Band 46,
· the 3rd harmonics may fall into none of BS receive band of 3GPP

· the 2nd IMD products may fall into none of BS receive band of 3GPP  

· the 3rd IMD products may fall into the BS receive band of Bands 7, 11, 21, 24, 31, 38, 41, 42 and 43, 

assuming (except the last row) the whole 20MHz DL frequency of Band 11 and the whole 194 MHz DL frequency of Band 41.
If the BS is only transmitting up to 10 MHz DL in Band 11 and 20MHz DL in Band 41 as stated in the WID, then the 3rd IMD products will not fall into the BS receive band of Band 11 and 24 as shown in the last row in Table 6.X.3-2.

It should be noted that, at the time of writing, Bands 7, 31, 38, 43 and 46 are not intended for use in the same geographical area as Bands 11 and 41. In addition, TDD BS does not transmit and receive simultaneously in a single band, the BS’s own Band 41 receiver and other synchronized Band 41 receivers would not be interfered. Therefore, the focus here will be on the harmonics and IMD falling into Bands 21 and 42.
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 21 or 42 receiver would be well below the receiver noise floor eliminating the possibility of receiver desensitization, provided that Bands 11 and 41 BS transmitters do not share the same antenna with Band 21 or 42 BS receiver.
6.X.4
ΔTIB and ΔRIB values

FDD-TDD CA needs filter study and we got feedbacks from filter vendors on RF filter configuration and performance for B11+B41 CA. Their responses are:

(1) diplexer + duplexer approach (not quadplexer) is likely due to large separation between two bands of interest,

(2) harmful performance of Band 41 filter does not reach Band 11 region and,

(3) additional ILs for the diplexer (under ETC/Worst) are as below:


Table 6.X.4-1:  Additional IL of diplexer for CA_11-41
	
	Vendor A
	Vendor B
	Vendor C
	Average

	B11 IL
	0.5dB
	0.55dB
	0.5dB
	0.52dB

	B41 IL
	0.8dB
	0.4dB
	0.5dB
	0.57dB


For two simultaneous DL and only one UL, the (TIB,c and (RIB values are given in the tables below.
Table 6.X.4-2: ΔTIB,c
	Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c [dB]

	CA_11A-41A
	11
	0.3

	
	41
	0.3


Table 6.X.4-3: ΔRIB
	Inter-band CA Configuration
	E-UTRA Band
	ΔRIB [dB]

	CA_11A-41A
	11
	0

	
	41
	0
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