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1.  Introduction
B1+B3+B11 was approved in 3DL/1UL basket WID in the last RAN-P [1]. This paper is to evaluate IM/harmonics and relaxation required. This includes the relevant TP to complete this combination.
Note that this 3DL includes an outstanding 2DL of 3A-11A, which is to be dealt with a companion contribution for approval in this meeting [2].
In R4-168836, two modifications are made in REFSENS exception: (1) 4Rx REFSENS is defined/added in Band 1 and (2) [] are removed in Band 3.
2. Basic Configurations 
As written in the WID, the following configurations are assumed for B1+B3+B11.
Table 1: 3DL Inter-band CA operating bands
	E-UTRA CA Band
	E-UTRA Band
	Uplink (UL) operating band
	Downlink (DL) operating band
	Duplex Mode

	
	
	BS receive / UE transmit
	BS transmit / UE receive 
	

	
	
	FUL_low – FUL_high
	FDL_low – FDL_high
	

	CA_1-3-11
	1
	1920 MHz
	–
	1980 MHz
	2110 MHz
	–
	2170 MHz
	FDD

	
	3
	1710 MHz
	–
	1785 MHz
	1805 MHz
	–
	1880 MHz
	

	
	11
	1427.9 MHz
	–
	1447.9 MHz
	1475.9 MHz
	–
	1495.9 MHz
	



Table 2: Supported E-UTRA bandwidths per CA configuration for 3DL inter-band CA
	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_1A-3A-11A
	1
	
	
	Yes
	Yes
	Yes
	Yes
	
50
	
0

	
	3
	
	
	Yes
	Yes
	Yes
	Yes
	
	

	
	11
	
	
	Yes
	Yes
	
	
	
	




3.  Co-existence
Firstly, co-existence of BS side is evaluated with Table.3.
Table 3: Band 1, Band 3 and Band 11 DL 3rd order IMD products
	BS DL carriers
	f1-low
	f1-high
	f2-low
	f2-high
	f3-low
	f3-high

	DL frequency (MHz)
	1475.9
	1495.9
	1805
	1880
	2110
	2170

	
	
	

	3rd order IMD products
	|f1-high + f2-high – f3-low|
	|f1-low + f2-low – f3-high|

	IMD frequency limits (MHz)
	1110.9
	1265.9

	
	
	

	3rd order IMD products
	|f1-low + f3-low – f2-high|
	|f1-high + f3-high – f2-low|

	IMD frequency limits (MHz)
	1705.9
	1860.9

	
	
	

	3rd order IMD products
	|f2-low + f3-low – f1-high|
	|f2-high + f3-high – f1-low|

	IMD frequency limits (MHz)
	2419.1
	2574.1

	
	
	

	3rd order IMD products
	|f1-low + f2-low + f3-low|
	|f1-high + f2-high + f3-high|

	IMD frequency limits (MHz)
	5390.9
	5545.9



It can be seen from Table 3 that in addition to the impacts of harmonics and IMD products from the constituent 2DL CA configurations, the 3rd order IMD products supporting 3 DL CA of Band (1 + 3 + 11) may fall into BS receive band of Bands 2, 3, 4, 7, 9, 10, 25, 35, 38, 41, 46,  66 and 70. However, Bands 2, 4, 7, 10, 25, 35, 38, 46, 66 and 70 are not intended for use in the same geographical area as Bands 1, 3 and 11. Therefore, the focus here is on the 3rd order IMD products falling into Bands 3, 9 and 41.
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 Bands 3, 9 and 41 receiver would be well below the receiver noise floor eliminating the possibility of receiver desensitization, provided that Band (1 + 3 + 11) BS transmitter does not share the same antenna with Bands 3, 9 and 41 BS receiver.
Therefore, it is recommended that Band (1 + 3 + 11) BS transmitter should not share the same antenna with Bands 3, 9 and 41 BS receiver to prevent BS receiver desensitization, unless the antenna path meets very stringent 3rd order PIM specification so that the PIM will not cause Bands 3, 9 and 41 BS receiver desensitization. Note that antenna sharing may be allowed as the state-of-the-art continues to evolve in the future.
For UE side, the harmonic relations of Band 1, Band 3 and Band 11 are calculated as Table 4.  It can be concluded that no harmful fall down toward DL bands of interest is observed.
Table 4: UE harmonic table for 3DL/1UL
	UE DL Carriers with B1, B3, B11
	[MHz]

	2*fx_low to 2*fx_high
	3840 to 3960

	2*fy_low to 2*fy_high
	3420 to 3570

	2*fz_low to 2*fz_high
	2855.8 to 2895.8

	3*fx_low to 3*fx_high
	5760 to 5940

	3*fy_low to 3*fy_high
	5130 to 5355

	3*fz_low to 3*fz_high
	4283.7 to 4343.7




4.  ΔTIB and ΔRIB
As written in the companion document [2], 2DL of B3+B11 assumes a common triplexer with low band portion extended to 1.5GHz as in Figure 1. Since the architecture also assumes B1+B3 quadplexer, we can reuse the results for B1+B3 portion as per [3]. 


Figure 1: RF assumption for CA_1-3-11

[image: ]

 Thus, the followingΔTIB and ΔRIB are proposed based on its constituent 2DL/1ULs:
Table 5: ΔTIB of constituent 2DL/1UL
	ΔTIB
	1+3
	1+11
	3+11
	Proposed
Value

	B1
	0.3
	0.3
	-
	0.3

	B3
	0.3
	-
	0.8
	0.8

	B11
	-
	0.3
	0.9
	0.9



Table 6: ΔRIB of constituent 2DL/1UL
	ΔRIB
	1+3
	1+11
	3+11
	Proposed Value

	B1
	0
	0
	-
	0

	B3
	0
	-
	0.3
	0.3

	B11
	-
	0
	0.5
	0.5




Based on the tables above, the following relaxations are proposed:

Table 7: Proposed ΔTIB,c
	Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c Inter-band with one active UL serving cell [dB]

	CA_1A-3A-11A
	1
	0.3

	
	3
	0.8

	
	11
	0.9



Table 8: Proposed ΔRIB,c
	Inter-band CA Configuration
	E-UTRA Band
	ΔRIB,c Inter-band with one active UL serving cell [dB]

	CA_1A-3A-11A
	1
	0

	
	3
	0.3

	
	11
	0.5



5.  REFSENS
B1+B3 CA is subject to REFSENS exception as per Table 7.3.1A-0bA of [3], when lower side of Band 1 is used for Tx and upper side of Band 3 is used for Rx. Then for this combination, it is necessary to add exception information below to Table 7.3.1A-0bC and D of [3]:
Table 9(7.3.1A-0bC): Reference sensitivity for carrier aggregation QPSK PREFSENS, CA (exceptions for three bands)
	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-3A-11A4
	1
	
	
	-100
	-97
	-95.2
	-94
	FDD

	
	
	
	
	-102.711
	-99.711
	-97.911
	-96.711
	

	
	3
	
	
	-94
	-91.5
	-90
	-89
	

	
	11
	
	
	-100
	-97
	
	
	

	CA_1A-3A-11A5
	1
	
	
	-100
	-97
	-95.2
	-94
	FDD

	
	
	
	
	-102.711
	-99.711
	-97.911
	-96.711
	

	
	3
	
	
	-97
	-94
	-92.2
	-91
	

	
	
	
	
	[-99.7]11
	[-96.7]11
	[-94.9]11
	[-93.7]11
	

	
	11
	
	
	-100
	-97
	
	
	

	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 and Band 5 or Band 8 or Band 11 or Band 19 or Band 20 or Band 26 or Band 28 or Band 42, 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 and Band 5 or Band 8 or Band 11 or Band 19 or Band 20 or Band 26 or Band 28 or Band 42, the requirement applies regardless of channel bandwidth in Band 1.
NOTE 11:	Applicable only if operation with 4 antenna ports is supported in the band with carrier aggregation configured.



Table 10(7.3.1A-0bD): Uplink configuration for the uplink band (exceptions for three 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-3A-11A1, 2
	1
	
	
	25
	25
	25
	25
	FDD

	CA_1A-3A-11A1, 3
	1
	
	
	25
	45
	45
	45
	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.


  
As mentioned in [2], there is no desense issue foreseen around B3+B11.

6.  Summary
This paper investigates all the necessary elements to complete CA_1A-3A-11A. The relevant TP is shown in Annex.

7.  Reference

[1]      RP-161674   Revised WID: LTE Advanced inter-band CA Rel-14 for 3DL/1UL, Huawei (Rapporteur).

[2]      R4-167339    TP for TR36.714-02-01: the support of CA_3A-11A BCS0, SoftBank Corp.
[3]      TS36.101(v14.0.0)




Annex: TP for TR36.714-03-01 (v0.4.0)
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[bookmark: _Toc441173770][bookmark: _Toc462238401][bookmark: _Toc462239555][bookmark: _Toc462305256][bookmark: _Toc462310942]6.Y 	CA_1A-3A-11A_BCS0
[bookmark: _Toc441173771][bookmark: _Toc462238402][bookmark: _Toc462239556][bookmark: _Toc462305257][bookmark: _Toc462310943]6.Y.1	Operating bands for CA
Table 6.Y.1-1: 3DL Inter-band CA operating bands
	E-UTRA CA Band
	E-UTRA Band
	Uplink (UL) operating band
	Downlink (DL) operating band
	Duplex Mode

	
	
	BS receive / UE transmit
	BS transmit / UE receive 
	

	
	
	FUL_low – FUL_high
	FDL_low – FDL_high
	

	CA_1-3-11
	1
	1920 MHz
	–
	1980 MHz
	2110 MHz
	–
	2170 MHz
	FDD

	
	3
	1710 MHz
	–
	1785 MHz
	1805 MHz
	–
	1880 MHz
	

	
	11
	1427.9 MHz
	–
	1447.9 MHz
	1475.9 MHz
	–
	1495.9 MHz
	



[bookmark: _Toc441173772][bookmark: _Toc462238403][bookmark: _Toc462239557][bookmark: _Toc462305258][bookmark: _Toc462310944]6.Y.2	Channel bandwidths per operating band for CA
Table 6.Y.2-1: Supported E-UTRA bandwidths per CA configuration for 3DL inter-band CA
	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_1A-3A-11A
	1
	
	
	Yes
	Yes
	Yes
	Yes
	
50
	
0

	
	3
	
	
	Yes
	Yes
	Yes
	Yes
	
	

	
	11
	
	
	Yes
	Yes
	
	
	
	

	NOTE 1: For the UE that signals support of a 3DL CA bandwidth combination set, the UE shall support all single carrier channel bandwidths for the constituent bands as defined in table 5.6.1-1 of TS 36.101 and all the 2DL CA bandwidth combination sets in Table 5.6A.2-1 of TS 36.101 whose channel bandwidths are entirely covered by the signaled 3DL CA bandwidth combination set.



NOTE: 	For the UE that signals support of any bandwidth combination set for carrier aggregation, the UE shall support all for the constituent bands as defined in Table 5.6.1-1 of TS 36.101 [2] when operating in single carrier mode.
[bookmark: _Toc441173773][bookmark: _Toc462238404][bookmark: _Toc462239558][bookmark: _Toc462305259][bookmark: _Toc462310945]6.Y.3 	Harmonics and IMD study
[bookmark: _Toc441173774][bookmark: _Toc462238405][bookmark: _Toc462239559][bookmark: _Toc462305260][bookmark: _Toc462310946]6.Y.3.1	For the BS
The 3rd order IMD products caused in the BS by transmitting of Band 1, Band 3 and Band 11 DL carriers (i.e. 3DL CA with one component carrier in each band) can be calculated as shown in Table 6.Y.3.1-1 below:
Table 6.Y.3.1-1: Band 1, Band 3 and Band 11 DL 3rd order IMD products
	BS DL carriers
	f1-low
	f1-high
	f2-low
	f2-high
	f3-low
	f3-high

	DL frequency (MHz)
	1475.9
	1495.9
	1805
	1880
	2110
	2170

	
	
	

	3rd order IMD products
	|f1-high + f2-high – f3-low|
	|f1-low + f2-low – f3-high|

	IMD frequency limits (MHz)
	1110.9
	1265.9

	
	
	

	3rd order IMD products
	|f1-low + f3-low – f2-high|
	|f1-high + f3-high – f2-low|

	IMD frequency limits (MHz)
	1705.9
	1860.9

	
	
	

	3rd order IMD products
	|f2-low + f3-low – f1-high|
	|f2-high + f3-high – f1-low|

	IMD frequency limits (MHz)
	2419.1
	2574.1

	
	
	

	3rd order IMD products
	|f1-low + f2-low + f3-low|
	|f1-high + f2-high + f3-high|

	IMD frequency limits (MHz)
	5390.9
	5545.9



It can be seen from Table 6.Y.3.1-1 that in addition to the impacts of harmonics and IMD products from the constituent 2DL CA configurations, the 3rd order IMD products supporting 3 DL CA of Band (1 + 3 + 11) may fall into BS receive band of Bands 2, 3, 4, 7, 9, 10, 25, 35, 38, 41, 46,  66 and 70. However, Bands 2, 4, 7, 10, 25, 35, 38, 46, 66 and 70 are not intended for use in the same geographical area as Bands 1, 3 and 11. Therefore, the focus here is on the 3rd order IMD products falling into Bands 3, 9 and 41.
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 Bands 3, 9 and 41 receiver would be well below the receiver noise floor eliminating the possibility of receiver desensitization, provided that Band (1 + 3 + 11) BS transmitter does not share the same antenna with Bands 3, 9 and 41 BS receiver.
Therefore, it is recommended that Band (1 + 3 + 11) BS transmitter should not share the same antenna with Bands 3, 9 and 41 BS receiver to prevent BS receiver desensitization, unless the antenna path meets very stringent 3rd order PIM specification so that the PIM will not cause Bands 3, 9 and 41 BS receiver desensitization. Note that antenna sharing may be allowed as the state-of-the-art continues to evolve in the future.
[bookmark: _Toc441173775][bookmark: _Toc462238406][bookmark: _Toc462239560][bookmark: _Toc462305261][bookmark: _Toc462310947]6.Y.3.2	For the UE
Table 6.Y.3.2-1 gives the 2nd and 3rd harmonic for CA with B1+ B3 + B11. It is found that none of the products falls into the B1, B3 or B11 UE receiving bands.
Table 6.Y.3.2-1: UE harmonic table for 3DL/1UL
	UE DL Carriers with B1, B3, B11
	[MHz]

	2*fx_low to 2*fx_high
	3840 to 3960

	2*fy_low to 2*fy_high
	3420 to 3570

	2*fz_low to 2*fz_high
	2855.8 to 2895.8

	3*fx_low to 3*fx_high
	5760 to 5940

	3*fy_low to 3*fy_high
	5130 to 5355

	3*fz_low to 3*fz_high
	4283.7 to 4343.7



[bookmark: _Toc441173776][bookmark: _Toc462238407][bookmark: _Toc462239561][bookmark: _Toc462305262][bookmark: _Toc462310948]6.Y.4	ΔTIB,c and ΔRIB,c values
For the UE which supports inter-band carrier aggregation configurations with uplink assigned to one E-UTRA band the ΔTIB,c is defined for applicable bands in Table 6.Y.4-1. 
Table 6.Y.4-1: ΔTIB,c for 3DL aggregation
	Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c Inter-band with one active UL serving cell [dB]

	CA_1A-3A-11A
	1
	0.3

	
	3
	0.8

	
	11
	0.9

	



For the UE which supports inter-band carrier aggregation configuration in Table 6.Y.4-2 with uplink in one E-UTRA band, the minimum requirement for reference sensitivity in Table 7.3.1-1 (of TS 36.101 [2]) shall be increased by the amount given in ΔRIB,c in Table 6.Y.4-2 for the applicable E-UTRA bands. 
Table 6.Y.4-2: ΔRIB,c for 3DL aggregation
	Inter-band CA Configuration
	E-UTRA Band
	ΔRIB,c Inter-band with one active UL serving cell [dB]

	CA_1A-3A-11A
	1
	0

	
	3
	0.3

	
	11
	0.5

	



[bookmark: _Toc462305255][bookmark: _Toc462310941]6.Y.5	REFSENS requirements
The REFSENS exception is specified as below to reflect desensitization scenarios in B1+B3 portion:
Table 6.Y.5-1: Reference sensitivity for carrier aggregation QPSK PREFSENS, CA (exceptions for three bands)
	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-3A-11A4
	1
	
	
	-100
	-97
	-95.2
	-94
	FDD

	
	
	
	
	-102.711
	-99.711
	-97.911
	-96.711
	

	
	3
	
	
	-94
	-91.5
	-90
	-89
	

	
	11
	
	
	-100
	-97
	
	
	

	CA_1A-3A-11A5
	1
	
	
	-100
	-97
	-95.2
	-94
	FDD

	
	
	
	
	-102.711
	-99.711
	-97.911
	-96.711
	

	
	3
	
	
	-97
	-94
	-92.2
	-91
	

	
	
	
	
	-99.711
	-96.711
	-94.911
	-93.711
	

	
	11
	
	
	-100
	-97
	
	
	

	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 and Band 5 or Band 8 or Band 11 or Band 19 or Band 20 or Band 26 or Band 28 or Band 42, 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 and Band 5 or Band 8 or Band 11 or Band 19 or Band 20 or Band 26 or Band 28 or Band 42, the requirement applies regardless of channel bandwidth in Band 1.
NOTE 11:	Applicable only if operation with 4 antenna ports is supported in the band with carrier aggregation configured.



Table 6.Y.5-2: Uplink configuration for the uplink band (exceptions for three 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-3A-11A1, 2
	1
	
	
	25
	25
	25
	25
	FDD

	CA_1A-3A-11A1, 3
	1
	
	
	25
	45
	45
	45
	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.
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