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1
Introduction

The work items LTE_CA_B4_B4_B7 [1] and LTE_CA_B4_B7_B12 [2] are planned to be completed in Rel-13, but may be completed already in December 2014 and therefore be included in the Rel-12 versions of the specifications. We therefore propose to include the results of studies in 36.853 (Rel-12). The ΔTIB,c and ΔRIB,c follow from fallback modes already specified and a standard class A1 combination (B7 + B12); the harmonics and IM study is straightforward.
2
Proposal

We propose to include the text below into the latest version of TR 36.853 (Rel-12). 

References 

1. LTE Advanced 3 Band Carrier Aggregation (3DL/1UL) of Band 4, Band 4 and Band 7 (WID), RP-140662

2. LTE Advanced 3 Band Carrier Aggregation (3DL/1UL) of Band 4, Band 7 and Band 12 (WID), RP-140661

TEXT PROPOSAL:

<start of text proposal>
1
Scope

The present document is a technical report for 3DL Inter-band Carrier Aggregation under Rel-12 time frame. The purpose is to gather the relevant background information and studies in order to address 3DL Inter-band Carrier Aggregation requirements.

This TR covers relevant background information and studies in order to address 3DL Inter-band Carrier Aggregation requirements for the Rel-12 band combinations in table 1-1.

 Table 1-1: Release 12 3DL inter-band carrier aggregation combinations

Table 1-1: Release 12 3DL inter-band carrier aggregation combinations

	WI code
	WI title

	LTE_CA_B2_B2_B13
	LTE Advanced 3 Band Carrier Aggregation (3DL/1UL) of Band 2, Band 2 and Band 1

	LTE_CA_B2_B4_B13
	LTE Advanced 3 Band Carrier Aggregation (3DL/1UL) of Band 2, Band 4 and Band 13

	LTE_CA_B2_B5_B30
	LTE Advanced 3 Band Carrier Aggregation (3DL/1UL) for Band 2, Band 5 and Band 30

	LTE_CA_B2_B12_B30
	LTE Advanced 3 Band Carrier Aggregation (3DL/1UL) for Band 2, Band 12 and Band 30

	LTE_CA_B2_B29_B30
	LTE Advanced 3 Band Carrier Aggregation (3DL/1UL) for Band 2, Band 29 and Band 30

	LTE_CA_B4_B4_B13
	LTE Advanced 3 Band Carrier Aggregation (3DL/1UL) of Band 4, Band 4 and Band 13

	LTE_CA_B4_B5_B30
	LTE Advanced 3 Band Carrier Aggregation (3DL/1UL) for Band 4, Band 5 and Band 30

	LTE_CA_B4_B12_B30
	LTE Advanced 3 Band Carrier Aggregation (3DL/1UL) for Band 4, Band 12 and Band 30

	LTE_CA_B4_B29_B30
	LTE Advanced 3 Band Carrier Aggregation (3DL/1UL) for Band 4, Band 29 and Band 30

	LTE_CA_B1_B3_B8
	LTE Advanced 3 Band Carrier Aggregation (3DL/1UL) for Band 1, Band 3 and Band 8

	LTE_CA_B1_B5_B7
	LTE Advanced 3 Band Carrier Aggregation (3DL/1UL) for Band 1, Band 5 and Band 7

	LTE_CA_B2_B4_B5
	LTE Advanced 3 Band Carrier Aggregation (3DL/1UL) for Band 2, Band 4 and Band 5

	LTE_CA_B2_B4_B12
	LTE Advanced 3 Band Carrier Aggregation (3DL/1UL) for Band 2, Band 4 and Band 12

	LTE_CA_B2_B5_B12
	LTE Advanced 3 Band Carrier Aggregation (3DL/1UL) for Band 2, Band 5 and Band 12

	LTE_CA_B2_B12_B12
	LTE Advanced 3 Band Carrier Aggregation (3DL/1UL) for Band 2, Band 12 and Band 12

	LTE_CA_B3_B7_B20
	LTE Advanced 3 Band Carrier Aggregation (3DL/1UL) for Band 3, Band 7 and Band 20

	LTE_CA_B3_B8_B27
	LTE Advanced 3 band Carrier Aggregation (3DL/1UL) for Band 3, Band 8 and Band 27

	LTE_CA_B4_B5_B12
	LTE Advanced 3 Band Carrier Aggregation (3DL/1UL) for Band 4, Band 5 and Band 12

	LTE_CA_B4_B12_B12
	LTE Advanced 3 Band Carrier Aggregation (3DL/1UL) for Band 4, Band 12 and Band 12

	LTE_CA_B1_B3_B5
	LTE Advanced 3 Band Carrier Aggregation(3DL/1UL) for Band 1, Band 3 and Band 5

	LTE_CA_B1_B3_B20
	LTE Advanced 3 Band Carrier Aggregation (3DL/1UL) for Band 1, Band 3 and Band 20

	LTE_CA_B1_B7_B20
	LTE Advanced 3 Band Carrier Aggregation (3DL/1UL) for Band 1, Band 7 and Band 20

	LTE_CA_B7_B8_B20
	LTE Advanced 3 Band Carrier Aggregation (3DL/1UL) for Band 7, Band 8 and Band 20

	LTE_CA_B3_B7_B7
	LTE Advanced 3 Band Carrier Aggregation (3DL/1UL) for Band 3, Band 7 and Band 7

	LTE_CA_B3_B3_B7
	LTE Advanced 3 Band Carrier Aggregation (3DL/1UL) for Band 3, Band 3 and Band 7

	LTE_CA_B4_B4_B7
	LTE Advanced 3 Band Carrier Aggregation (3DL/1UL) for Band 4, Band 4 and Band 7

	LTE_CA_B4_B7_B12
	LTE Advanced 3 Band Carrier Aggregation (3DL/1UL) for Band 4, Band 7 and Band 12


This TR contains a general part and band specific combination part. The actual requirements are added to the corresponding technical specifications.

< text omitted >
6.37
LTE Advanced 3 Band Carrier Aggregation (3DL/1UL) of Band 4, Band 4 and Band 7
6.37.1
Operating bands for CA

Table 6.37-1: 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_4-4-7
	4
	1710
	–
	1755
	2110
	–
	2155
	FDD

	
	7
	2500
	–
	2570
	2620
	–
	2690
	


6.37.2
Channel bandwidths per operating band for CA

Table 6.37-2: 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_4A-4A-7A
	4
	
	
	Yes
	Yes
	
	
	40
	0

	
	4
	
	
	Yes
	Yes
	
	
	
	

	
	7
	
	
	Yes
	Yes
	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 single carrier bandwidths for the constituent bands as defined in table 5.6.1-1 of  TS 36.101 [4] when operating in single carrier mode 
6.37.3
Harmonics and IMD study
6.37.3.1 For the BS
BSTable 6.37.3.1-1 shows harmonics frequency limits and Table 6.37.3.1-2 intermodulation products frequency limits for CA of Band 4, Band 4 and Band 7, respectively. Harmonics and intermodulation product problems are summarized below the relevant Table.

Table 6.37.3.1-1: DL harmonics frequency limits for CA of Band 4, Band 4 and Band 7

	BS DL carriers
	f1_low
	f1_high
	f2_low
	f2_high

	DL frequency (MHz)
	2110
	2155
	2620
	2690

	2nd order harmonics frequency range (MHz)
	4220 to 4310
	5240 to 5380

	3rd order harmonics frequency range (MHz)
	6330 to 6465
	7860 to 8070


Table 6.37.3.1-2: Band 4, Band 4 and Band 7 DL 3rd order IMD products

	BS DL carriers
	f1_low
	f1_high
	f2_low
	f2_high

	DL frequency (MHz)
	2110
	2155
	2620
	2690

	
	
	
	
	

	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)
	465 to 580
	4730 to 4845

	Two-tone 3rd order IMD products
	(2*f1_low – f2_high(
	(2*f1_high – f2_low(
	(2*f2_low – f1_high(
	(2* f2_high – f1_low(

	IMD frequency range (MHz)
	1530 to 1690
	3085 to 3270

	Two-tone 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 range (MHz)
	6840 to 7000
	7350 to 7535

	
	
	

	BS DL carriers
	f1-low
	f1-high
	f2-low
	f2-high
	f3-low
	f3-high

	DL frequency (MHz)
	2110
	2155
	2110
	2155
	2620
	2690

	
	
	

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

	IMD frequency limits (MHz)
	1530
	1690

	
	
	

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

	IMD frequency limits (MHz)
	2575
	2735

	
	
	

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

	IMD frequency limits (MHz)
	2575
	2735

	
	
	

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

	IMD frequency limits (MHz)
	6840
	6970


As shown in Table 6.37.3.1-2, in addition to the impacts of harmonics and IMD product from the constituent 2DL CA configurations, the 3rd intermodulation products generated by BS supporting 3DL CA of Band (4+4+7) may fall into the BS receive band of Bands 24, 38 or 41. Since band 7 is not suggested to be used simultaneously with band 38 or band 41 in the same device, we can safely assume that there are significant IMD issues for B4+B4 and B7 3DL combination.
6.37.3.2
For the UE

Table 6.37.3.2-1 gives the intermodulation products for band 4+ band 7 CA with 1UL. The 3rd intermodulation product related to band 4 falls into band 42.   
Table 6.37.3.2-1: 1UL B4 + B7 harmonic products 

	UE UL carriers
	f1_low
	f1_high
	f2_low
	f2_high

	UL frequency (MHz)
	1710
	1755
	2500
	2570

	2nd order harmonics frequency range (MHz)
	3420 to 3510
	5000 to 5140

	3rd order harmonics frequency range (MHz)
	5130 to 5365
	7500 to 7710


6.37.4
ΔTIB,c and ΔRIB,c
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 6.37.4-1.
Table 6.37.4-1: ΔTIB,c for 3DLs aggregation
	Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c Inter-band with one active UL serving cell [dB]

	CA_4A-4A-7A
	4
	0.5

	
	7
	0.5


For the UE which supports inter-band carrier aggregation configuration in Table 6.37.4-2 with uplink in one E-UTRA band, the minimum requirement for reference sensitivity in Table 7.3.1-1 (TS 36.101) shall be increased by the amount given in ΔRIB,c in Table 6.37.4-2 for the applicable E-UTRA bands.
Table 6.37.4-2: ΔRIB,c for 3DLs aggregation
	Inter-band CA Configuration
	E-UTRA Band
	ΔRIB,c Inter-band with one active UL serving cell [dB]

	CA_4A-4A-7A
	4
	0.5

	
	7
	0.5


6.38
LTE Advanced 3 Band Carrier Aggregation (3DL/1UL) of Band 4, Band 7 and Band 12
6.38.1
Operating bands for CA

Table 6.38-1: 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_4A-7A-12A
	4
	1710
	–
	1755
	2110
	–
	2155
	FDD

	
	7
	2500
	–
	2570
	2620
	–
	2690
	

	
	12
	699
	–
	716
	749
	–
	746
	


6.38.2
Channel bandwidths per operating band for CA

Table 6.38-2: 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_4A-7A-12A
	4
	
	
	Yes
	Yes
	
	
	40
	0

	
	7
	
	
	Yes
	Yes
	Yes
	Yes
	
	

	
	12
	
	
	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 single carrier bandwidths for the constituent bands as defined in table 5.6.1-1 of  TS 36.101 [4] when operating in single carrier mode 
6.38.3
Harmonics and IMD study
6.38.3.1
For the BS

Table 6.38.3.1-1 gives the three tone IM3 analysis for CA with B4 + B7 + B12. For two DLs the 2nd and 3rd harmonic analysis for B4 + B7 and B4 + B12 are done in the 2DL/1UL TR 36.850. None of the products falls into the B4, B7 or B12 BS receiving bands. We note only single tones for each band are considered. it is recommended that Bands 4 and 12 BS transmitters should not share the same antenna with Band 22, 42 or 43 BS receiver, unless the antenna path meets very stringent 3rd order PIM specification so that the PIM will not cause Band 22, 42 or 43 BS receiver desensitization.
It can be seen from the tables 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 (4 + 7 + 12) may not fall into any of the BS receive Bands. However, Band 24 is not intended for use in the same geographical area as Bands 4, 7 and 12. Therefore, the focus here is on the 3rd order IMD products falling into Band 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 42 or 43 receiver would be well below the receiver noise floor eliminating the possibility of receiver desensitization, provided that Band (4 + 7 + 12) BS transmitter does not share the same antenna with Band 42 or 43 BS receiver.

Therefore, it is recommended that Band (4 + 7 + 12) BS transmitter should not share the same antenna with Band 42 or 43 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 Band 43 BS receiver desensitization. Note that antenna sharing may be allowed as the state-of-the-art continues to evolve in the future.
Table 6.38.3.1-1: BS three tone IM3 table for 3DLs/1UL

	BS DL Carriers with B4, B7, B12
	[Mhz]

	fx_low + fy_low + fz_low to fx_high + fy_high + fz_high
	5459 to 5561

	fx_low + fy_low – fz_high to fx_high + fy_high – fz_low
	149 to 281

	fx_low - fy_high – fz_high to fx_high - fy_low – fz_low
	3984 to 4116

	fx_low - fy_high + fz_low to fx_high - fy_low + fz_high
	1194 to 1326


6.38.3.2
For the UE

For single UL the 2nd and 3rd harmonic analysis for B4 + B7 and B4 + B12  is done in the 2DL/1UL TR 36.850. None of the products falls into the B4 or B7 or B12 UE receiving bands. For UE coexistence the single UL is already considered for these bands in TS 36.101.
6.38.4
ΔTIB,c and ΔRIB,c
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 6.38.4-1.
Table 6.38.4-1: ΔTIB,c for 3DLs aggregation
	Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c Inter-band with one active UL serving cell [dB]

	CA_4A-7A-12A
	4
	0.5

	
	7
	0.5

	
	12
	0.8


For the UE which supports inter-band carrier aggregation configuration in Table 6.38.4-2 with uplink in one E-UTRA band, the minimum requirement for reference sensitivity in Table 7.3.1-1 (TS 36.101) shall be increased by the amount given in ΔRIB,c in Table 6.38.4-2 for the applicable E-UTRA bands.
Table 6.38.4-2: ΔRIB,c for 3DLs aggregation
	Inter-band CA Configuration
	E-UTRA Band
	ΔRIB,c Inter-band with one active UL serving cell [dB]

	CA_4A-7A-12A
	4
	0.5

	
	7
	0.5

	
	12
	0.5


There is a harmonic relation between the Band 12 UL band and Band 4 DL band. Exceptions are allowed and already specified for the fallback mode CA_4A-12A. The exceptions for CA_4A-7A-12A follow from CA_4A-12A and are given in Table 6.38.4-3.
Table 6.38.4-3: Reference sensitivity for carrier aggregation QPSK PREFSENS, CA (exceptions)

	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_4A-12A5,6
	4
	[-89.2]
	[-89.2]
	[-90]
	[-89.5]
	[-89]
	[-88.5]
	FDD

	
	12
	
	
	-96.5
	-93.5
	
	
	

	CA_4A-7A-12A5,6
	4
	
	
	[-90]
	[-89.5]
	[-89]
	[-88.5]
	FDD

	
	7
	
	
	-97.5
	-94.5
	
	
	

	
	12
	
	
	-96.5
	-93.5
	
	
	

	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:
No requirements apply when there is at least one individual RE within the uplink transmission bandwidth of the low band for which the 2nd transmitter harmonic is within the downlink transmission bandwidth of the high band. The reference sensitivity is only verified when this is not the case (the requirements specified in clause 7.3.1 apply).

NOTE 5:
These requirements apply when there is at least one individual RE within the uplink transmission bandwidth of a low band for which the 3rd transmitter harmonic is within the downlink transmission bandwidth of a high band.  

NOTE 6:
The requirements should be verified for UL EARFCN of a low band (superscript LB) such that 
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<end of text proposal>
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