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1
Introduction
This contribution contains a text proposal on the requirements for UEs supporting multiple band combinations with Band 30: Band (2 + 5 + 30), Band (2 + 12 + 30), Band (2 + 29 + 30), Band (4 + 5 + 30), Band (4 + 12 + 30) and Band (4 + 29 + 30). These are Band 30 combinations with either Band 2 or Band 4. However, it may also be useful to support multiplexing of Band 30 with Band 2 and Band 4 in order to support the Band (2 + 4) combination in the same device.
The text proposal contains an analysis of the impact on Band 2, Band 4 and Band 30 insertion-loss performance of an implementation by a hexplexer for Band (2 + 4 + 30) in order to support Band (2 + 4) in addition to the combinations above and their fallback 2DL configurations. The results are based on FBAR filter technology.
The text proposal also contains proposed UE requirements for Band (2 + 5 + 30), Band (2 + 12 + 30), Band (2 + 29 + 30), Band (4 + 5 + 30), Band (4 + 12 + 30) and Band (4 + 29 + 30). The relaxations proposed for Band 30 combined with Band 2 and Band 4 are tentative.
The outstanding relaxations for the fallback modes (2 + 30) and (4 + 30) are proposed in [1]; the relaxations for the constituent bands of these 2DL modes are based on the data presented in this text proposal and are the same as the relaxations for the corresponding bands in the 3DL modes. 
2
Proposal

We propose to include the text below into the latest version of 36.853v1.0.0 [2].
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TEXT PROPOSAL:

< start of text proposal >
6.3
LTE Advanced 3 Band Carrier Aggregation (3DL/1UL) for Band 2, Band 5 and Band 30

Table 6.3-1: 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_2-5-30
	2
	1850 MHz
	–
	1910 MHz
	1930 MHz
	–
	1990 MHz
	FDD

	
	5
	824 MHz
	–
	849 MHz
	869 MHz
	–
	894 MHz
	

	
	30
	2305 MHz
	–
	2315 MHz
	2350 MHz
	–
	2360 MHz
	


Table 6.3-2: 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_2-5-30
	2
	
	
	Yes
	Yes
	Yes
	Yes
	40
	0

	
	5
	
	
	Yes
	Yes
	
	
	
	

	
	30
	
	
	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 [z] when operating in single carrier mode 

6.3.1
Co-existence studies for 1 UL/3 DL

The 3rd order IMD products caused in the BS by transmitting of Band 2, Band 5 and Band 30 DL carriers (i.e. 3DL CA with one component carrier in each band) can be calculated as shown in Table 6.3.1-1 below:
Table 6.3.1-1: Band 2, Band 5 and Band 30 DL 3rd order IMD products

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

	DL frequency (MHz)
	869
	894
	1930
	1990
	2350
	2360

	
	
	

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

	IMD frequency limits (MHz)
	439
	534

	
	
	

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

	IMD frequency limits (MHz)
	1229
	1324

	
	
	

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

	IMD frequency limits (MHz)
	3386
	3481

	
	
	

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

	IMD frequency limits (MHz)
	5149
	5244


It can be seen from Table 6.3.1-1 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 (2 + 5 + 30) may fall into the BS receive band of Bands 22, 31 and 42. However, Band 31 is not intended for use in the same geographical area as Bands 2, 5 and 30. Therefore, the focus here is on the 3rd order IMD products falling into Bands 22 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 22 or 42 receiver would be well below the receiver noise floor eliminating the possibility of receiver desensitization, provided that Band (2 + 5 + 30) BS transmitter does not share the same antenna with Band 22 or 42 BS receiver.

Therefore, it is recommended that Band (2 + 5 + 30) BS transmitter should not share the same antenna with Band 22 or 42 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 22 or 42 BS receiver desensitization. Note that antenna sharing may be allowed as the state-of-the-art continues to evolve in the future.

6.3.2
UE output power and sensitivity requirements for Band 30 combinations with Band 2 and Band 4
6.3.2.1
General
In this subsection we consider the required relaxations TIB,c and RIB,c for Band 30 in multiple three-band combinations including either Band 2 or Band 4. Band 30 is not an “easy” band in itself due to coexistence requirements adjacent to the band. However, it may also be useful to support multiplexing of Band 30 with Band 2 and Band 4. The discussions in the following subsections are also relevant for the band combinations considered in Sections 6.4, 6.5, 6.7, 6.8 and 6.9. 
In Figure 6.3.2.1-1 a front-end architecture for a UE supporting the combinations Band (2 + 5 + 30), Band (2 + 12 + 30), Band (2 + 29 + 30), Band (4 + 5 + 30) and Band (4 + 12 + 30) as well as all possible fallback modes with a single antenna is shown.
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Figure 6.3.2.1-1: architecture supporting combinations with Band 30.

For Region 2 it may be desired to support combinations of Band (2 + 4) in the same device in addition. Then multiple 2DL combinations out of three high bands in Figure 6.3.2.1-1 must be supported by our UE and the front-end above replaced by one supporting Band (2 + 4 + 30) with a hexplexer or another similar implementation. Therefore, the requirements for combinations of Band 30 including Band 2 or Band 4 could possibly contain headroom for accommodating a hexplexer for the three high bands. 
In what follows, we consider tentative relaxations for the above 3DL combination that accommodate a hexplexer implementation. We consider the FBAR filter technology.
6.3.2.2
UE maximum output power
6.3.2.2.1
FBAR filter technology
First we consider the transmitter requirements. Figure 6.3.2.2.1-1 shows the insertion loss for Band 30 TX at 25C for duplexer and multiplexer implementations: a Band 30 duplexer, a Band (2 + 30) quadplexer, a Band (4 + 30) quadplexer and a Band (2 + 4 + 30) hexplexer in order of increasing insertion loss (IL). Clearly, the IL increases with the multiplexer complexity. In order to support Band (2 + 4) by the same device, the relaxation allowed for Band 30 in the low-high combination Band (2 + 5 + 30) could be based on the Band (2 + 4 + 30) hexplexer rather than the Band (2 + 30) quadplexer. In view of the interoperability gained, the results indicate that IL penalty is modest using the hexplexer.
Figure 6.3.2.2.1-2 shows the insertion loss for Band 2 TX at 25C for duplexer and multiplexer implementations: a Band 2 duplexer, a Band (2 + 30) quadplexer and a Band (2 + 4 + 30) hexplexer in order of increasing IL, while Figure 6.3.2.2.1-3 shows the insertion loss for Band 4 TX at 25C for duplexer and multiplexer implementations: a Band 4 duplexer, a Band (4 + 30) quadplexer and a Band (2 + 4 + 30) hexplexer in order of increasing IL. 
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Figure 6.3.2.2.1-1: IL for Band 30 TX for a Band 30 duplexer, a Band (2 + 30) quadplexer, a Band (4 + 30) quadplexer and a Band (2 + 4 + 30) hexplexer in order of increasing IL.
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Figure 6.3.2.2.1-2: IL for Band 2 TX for a Band 2 duplexer, a Band (2 + 30) quadplexer, and a Band (2 + 4 + 30) hexplexer in order of increasing IL.
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Figure 6.3.2.2.1-3: IL for Band 4 TX for a Band 4 duplexer, a Band (4 + 30) quadplexer, and a Band (2 + 4 + B30) hexplexer in order of increasing IL.

Next, in order to assess the impact on ΔTIB,c of a hexplexer in the front-end, we estimate the increase of IL, denoted ΔIL, using the above. It is remarked that the filter traces are obtained at 25C, but we account for the impact of temperature variations by considering the attenuation outside the passband of Band 2 and Band 5 (order of 5 MHz). For Band 30 with its narrow passband, temperature compensation is likely to be needed. The results are shown in Table 6.3.2.2.1-1. 

Table 6.3.2.2.1-1: ΔTIB,c for E-UTRA Band 2, 4 and 30 as part of inter-band CA
	Inter-band CA Configuration
	E-UTRA Band
	ΔIL by quadplexer
[dB]
	ΔIL by hexplexer
[dB]
	Estmated ΔTIB,c 
[dB]

	CA_2A-5A-30A
	2
	0.9
	1.0
	[0.5]

	
	5
	
	
	0.3

	
	30
	0.4
	0.6
	[0.3]

	CA_2A-12A-30A
	2
	0.9
	1.0
	[0.5]

	
	12
	
	
	0.3

	
	30
	0.4
	0.6
	[0.3]

	CA_2A-29A-30A
	2
	0.9
	1.0
	[0.5]

	
	29
	
	
	0.3

	
	30
	0.4
	0.6
	[0.3]

	CA_4A-5A-30A
	4
	0.5
	1.0
	[0.5]

	
	5
	
	
	0.3

	
	30
	0.4
	0.6
	[0.3]

	CA_4A-12A-30A
	4
	0.5
	1.0
	[0.5]

	
	12
	
	
	0.8

	
	30
	0.4
	0.6
	[0.3]

	CA_4A-29A-30A
	4
	0.5
	1.0
	[0.5]

	
	29
	
	
	0.3

	
	30
	0.4
	0.6
	[0.3]


For Band 30, the maximum of the IL given by the Band (2 + 30) and Band (4 + 30) is considered. From these provisional results it appears as if the increase of the IL incurred by an FBAR hexplexer is minor. The ΔTIB,c is derived by using a “shared-pain” approach. Note that the results above only based on one implementation, and that the conclusion may be different for the SAW technology.
6.3.2.3
UE Reference Sensitivity
6.3.2.3.1
FBAR filter technology
Relaxations of reference sensitivity requirements are less obvious given the margins between the 3GPP requirements and the typical performance. Instead of discussing ΔRIB,c  we just present the filter traces for Band 30, Band 2 and Band 4 in Figure 6.3.2.3.1-1, Figure 6.3.2.3.1-2 and Figure 6.3.2.3.1-3, respectively. From the traces, it appears that the effect on the Band 2 and Band 4 IL performance of a hexplexer for support of Band (2 + 4) is modest.
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Figure 6.3.2.3.1-1: IL for Band 30 RX for a Band 30 duplexer, a Band (2 + 30) quadplexer, a Band (4 + 30) quadplexer and a Band (2 + 4 + 30) hexplexer in order of increasing IL.
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Figure 6.3.2.3.1-2: IL for Band 2 RX for a Band 2 duplexer, a Band (2 + 30) quadplexer, and a Band (2 + 4 + 30) hexplexer in order of increasing IL.
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Figure 6.3.2.3.1-1-3: IL for Band 4 RX for a Band 4 duplexer, a Band (4 + 30) quadplexer, and a Band (2 + 4 + 30) hexplexer in order of increasing IL.
Next, in order to assess the impact on ΔRIB,c of a hexplexer in the front-end, we estimate the increase of IL, denoted ΔIL, using the above. It is remarked that the filter traces are obtained at 25C, but we account for the impact of temperature variations by considering the attenuation outside the passband of Band 2 and Band 5 (order of 5 MHz). For Band 30 with its narrow passband, temperature compensation is likely to be needed. The results are shown in Table 6.3.2.2.1-1. 

Table 6.3.2.3.1-1: ΔRIB,c for E-UTRA Band 2, 4 and 30 as part of inter-band CA
	Inter-band CA Configuration
	E-UTRA Band
	ΔIL by quadplexer
[dB]
	ΔIL by hexplexer
[dB]
	Estmated ΔRIB,c 
[dB]

	CA_2A-5A-30A
	2
	0.8
	0.8
	[0.4]

	
	5
	
	
	0

	
	30
	0.8
	1.0
	[0.5]

	CA_2A-12A-30A
	2
	0.8
	0.8
	[0.4]

	
	12
	
	
	0

	
	30
	0.8
	1.0
	[0.5]

	CA_2A-29A-30A
	2
	0.8
	0.8
	[0.4]

	
	29
	
	
	0

	
	30
	0.8
	1.0
	[0.5]

	CA_4A-5A-30A
	4
	0.8
	0.8
	[0.4]

	
	5
	
	
	0

	
	30
	0.8
	1.0
	[0.5]

	CA_4A-12A-30A
	4
	0.8
	0.8
	[0.4]

	
	12
	
	
	0.5

	
	30
	0.8
	1.0
	[0.5]

	CA_4A-29A-30A
	4
	0.8
	0.8
	[0.4]

	
	29
	
	
	0

	
	30
	0.8
	1.0
	[0.5]


For the above bands, the “shared-pain” method has been used also for the reference sensitivity. For the quadplexer with Band 30, the maximum of the IL given by the Band (2 + 30) and Band (4 + 30) is shown for.
6.3.3
ΔTIB,c and ΔRIB,c
The relaxation for Band 5 is based on the relaxation for 2DL combinations of Band 5 and high bands for which there are no harmonics problem. 
For the UE which supports CA_2A-5A-30A the ΔTIB,c is defined for applicable bands in Table 6.3.3-1 (see Table 6.3.2.2.1-1).
Table 6.3.3-1: ΔTIB,c
	E-UTRA CA Configuration
	E-UTRA Band
	ΔTIB,c [dB]

	CA_2A-5A-30A
	2
	[0.5]

	
	5
	0.3

	
	30
	[0.3]


The requirements for CA_2A-30A discussed in TR 36.851 are the same as for the corresponding bands in the requirements for the 3DL combinations above, which are based on multiplexing of Band 2, Band 4 and Band 30.

For the UE which supports CA_2A-5A-30A the ΔRIB,c is defined for applicable bands in Table 6.3.3-2 (see Table 6.3.2.3.1-1).
Table 6.3.3-2: ΔRIB,c
	E-UTRA CA Configuration
	E-UTRA Band
	ΔRIB,c [dB]

	CA_2A-5A-30A
	2
	[0.4]

	
	5
	0

	
	30
	[0.5]


6.4
LTE Advanced 3 Band Carrier Aggregation (3DL/1UL) for Band 2, Band 12 and Band 30

Table 6.4-1: 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_2-12-30
	2
	1850 MHz
	–
	1910 MHz
	1930 MHz
	–
	1990 MHz
	FDD

	
	12
	699 MHz
	–
	716 MHz
	729 MHz
	–
	746 MHz
	

	
	30
	2305 MHz
	–
	2315 MHz
	2350 MHz
	–
	2360 MHz
	


Table 6.4-2: 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_2-12-30
	2
	
	
	Yes
	Yes
	Yes
	Yes
	40
	0

	
	12
	
	
	Yes
	Yes
	
	
	
	

	
	30
	
	
	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 [z] when operating in single carrier mode 

6.4.1
Co-existence studies for 1 UL/3 DL

The 3rd order IMD products caused in the BS by transmitting of Band 2, Band 12 and Band 30 DL carriers (i.e. 3DL CA with one component carrier in each band) can be calculated as shown in Table 6.4.1-1 below:
Table 6.4.1-1: Band 2, Band 12 and Band 30 DL 3rd order IMD products

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

	DL frequency (MHz)
	729
	746
	1930
	1990
	2350
	2360

	
	
	

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

	IMD frequency limits (MHz)
	299
	386

	
	
	

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

	IMD frequency limits (MHz)
	1089
	1176

	
	
	

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

	IMD frequency limits (MHz)
	3534
	3621

	
	
	

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

	IMD frequency limits (MHz)
	5009
	5096


It can be seen from Table 6.4.1-1 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 (2 + 12 + 30) may fall into the BS receive band of Bands 42 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 42 or 43 receiver would be well below the receiver noise floor eliminating the possibility of receiver desensitization, provided that Band (2 + 12 + 30) BS transmitter does not share the same antenna with Band 42 or 43 BS receiver.
Therefore, it is recommended that Band (2 + 12 + 30) 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 42 or 43 BS receiver desensitization. Note that antenna sharing may be allowed as the state-of-the-art continues to evolve in the future.
6.4.2
ΔTIB,c and ΔRIB,c
The relaxation for Band 12 is based on the relaxation for 2DL combinations of Band 12 and high bands for which there are no harmonics problem. 

For the UE which supports CA_2A-12A-30A the ΔTIB,c is defined for applicable bands in Table 6.4.2-1 (see Table 6.3.2.2.1-1).
Table 6.4.2-1: ΔTIB,c
	E-UTRA CA Configuration
	E-UTRA Band
	ΔTIB,c [dB]

	CA_2A-12A-30A
	2
	[0.5]

	
	12
	0.3

	
	30
	[0.3]


The requirements for CA_2A-30A discussed in TR 36.851 are the same as for the corresponding bands in the requirements for the 3DL combinations above, which are based on multiplexing of Band 2, Band 4 and Band 30.

For the UE which supports CA_2A-12A-30A the ΔRIB,c is defined for applicable bands in Table 6.4.2-2 (see Table 6.3.2.3.1-1).
Table 6.4.2-2: ΔRIB,c
	E-UTRA CA Configuration
	E-UTRA Band
	ΔRIB,c [dB]

	CA_2A-12A-30A
	2
	[0.4]

	
	12
	0

	
	30
	[0.5]


6.5
LTE Advanced 3 Band Carrier Aggregation (3DL/1UL) for Band 2, Band 29 and Band 30

Table 6.5-1: 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_2-29-30
	2
	1850 MHz
	–
	1910 MHz
	1930 MHz
	–
	1990 MHz
	FDD

	
	29
	N/A
	717 MHz
	–
	728 MHz
	

	
	30
	2305 MHz
	–
	2315 MHz
	2350 MHz
	–
	2360 MHz
	


Table 6.5-2: 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_2-29-30
	2
	
	
	Yes
	Yes
	Yes
	Yes
	40
	0

	
	29
	
	
	Yes
	Yes
	
	
	
	

	
	30
	
	
	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 [z] when operating in single carrier mode 

6.5.1
Co-existence studies for 1 UL/3 DL
The 3rd order IMD products caused in the BS by transmitting of Band 2, Band 29 and Band 30 DL carriers (i.e. 3DL CA with one component carrier in each band) can be calculated as shown in Table 6.5.1-1 below:
Table 6.5.1-1: Band 2, Band 29 and Band 30 DL 3rd order IMD products

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

	DL frequency (MHz)
	717
	728
	1930
	1990
	2350
	2360

	
	
	

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

	IMD frequency limits (MHz)
	287
	368

	
	
	

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

	IMD frequency limits (MHz)
	1077
	1158

	
	
	

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

	IMD frequency limits (MHz)
	3552
	3633

	
	
	

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

	IMD frequency limits (MHz)
	4997
	5078


It can be seen from Table 6.5.1-1 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 (2 + 29 + 30) may fall into the BS receive band of Bands 42 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 42 or 43 receiver would be well below the receiver noise floor eliminating the possibility of receiver desensitization, provided that Band (2 + 29 + 30) BS transmitter does not share the same antenna with Band 42 or 43 BS receiver.

Therefore, it is recommended that Band (2 + 29 + 30) 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 42 or 43 BS receiver desensitization. Note that antenna sharing may be allowed as the state-of-the-art continues to evolve in the future.
6.5.2
ΔTIB,c and ΔRIB,c
The relaxation for Band 29 is based on the relaxation for 2DL combinations of Band 29 and a high band (Band 2). 

For the UE which supports CA_2A-29A-30A the ΔTIB,c is defined for applicable bands in Table 6.5.2-1 (see Table 6.3.2.2.1-1).
Table 6.5.2-1: ΔTIB,c
	E-UTRA CA Configuration
	E-UTRA Band
	ΔTIB,c [dB]

	CA_2A-29A-30A
	2
	[0.5]

	
	29
	N/A

	
	30
	[0.3]


The requirements for CA_2A-30A discussed in TR 36.851 are the same as for the corresponding bands in the requirements for the 3DL combinations above, which are based on multiplexing of Band 2, Band 4 and Band 30.

For the UE which supports CA_2A-29A-30A the ΔRIB,c is defined for applicable bands in Table 6.5.2-2 (see Table 6.3.2.3.1-1).
Table 6.5.2-2: ΔRIB,c
	E-UTRA CA Configuration
	E-UTRA Band
	ΔRIB,c [dB]

	CA_2A-29A-30A
	2
	[0.4]

	
	29
	0

	
	30
	[0.5]


6.6
LTE Advanced 3 Band Carrier Aggregation (3DL/1UL) of Band 4, Band 4 and Band 13
< text omitted >

6.7
LTE Advanced 3 Band Carrier Aggregation (3DL/1UL) for Band 4, Band 5 and Band 30
Table 6.7-1: 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_4-5-30
	4
	1710 MHz
	–
	1755 MHz
	2110 MHz
	–
	2155 MHz
	FDD

	
	5
	824 MHz
	–
	849 MHz
	869 MHz
	–
	894 MHz
	

	
	30
	2305 MHz
	–
	2315 MHz
	2350 MHz
	–
	2360 MHz
	


Table 6.7-2: 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_4-5-30
	4
	
	
	Yes
	Yes
	Yes
	Yes
	40
	0

	
	5
	
	
	Yes
	Yes
	
	
	
	

	
	30
	
	
	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 [z] when operating in single carrier mode 
6.7.1
Co-existence studies for 1 UL/3 DL

< text to be added >
6.7.2
ΔTIB,c and ΔRIB,c
The relaxation for Band 5 is based on the relaxation for 2DL combinations of Band 5 and high bands for which there are no harmonics problem. 

For the UE which supports CA_4A-5A-30A the ΔTIB,c is defined for applicable bands in Table 6.7.2-1 (see Table 6.3.2.2.1-1).
Table 6.7.2-1: ΔTIB,c
	E-UTRA CA Configuration
	E-UTRA Band
	ΔTIB,c [dB]

	CA_4A-5A-30A
	4
	[0.5]

	
	5
	0.3

	
	30
	[0.4]


The requirements for CA_4A-30A discussed in TR 36.851 are the same as for the corresponding bands in the requirements for the 3DL combinations above, which are based on multiplexing of Band 2, Band 4 and Band 30.

For the UE which supports CA_4A-5A-30A the ΔRIB,c is defined for applicable bands in Table 6.7.2-2 (see Table 6.3.2.3.1-1).
Table 6.7.2-2: ΔRIB,c
	E-UTRA CA Configuration
	E-UTRA Band
	ΔRIB,c [dB]

	CA_4A-5A-30A
	4
	[0.4]

	
	5
	0

	
	30
	[0.5]


6.8
LTE Advanced 3 Band Carrier Aggregation (3DL/1UL) for Band 4, Band 12 and Band 30
Table 6.8-1: 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_4-12-30
	4
	1710 MHz
	–
	1755 MHz
	2110 MHz
	–
	2155 MHz
	FDD

	
	12
	699 MHz
	–
	716 MHz
	729 MHz
	–
	746 MHz
	

	
	30
	2305 MHz
	–
	2315 MHz
	2350 MHz
	–
	2360 MHz
	


Table 6.8-2: 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_4-12-30
	4
	
	
	Yes
	Yes
	Yes
	Yes
	40
	0

	
	12
	
	
	Yes
	Yes
	
	
	
	

	
	30
	
	
	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 [z] when operating in single carrier mode 

6.8.1
Co-existence studies for 1 UL/3 DL

The 3rd order IMD products caused in the BS by transmitting of Band 4, Band 12 and Band 30 DL carriers (i.e. 3DL CA with one component carrier in each band) can be calculated as shown in Table 6.8.3-1 below:
Table 6.8.3-1: Band 4, Band 12 and Band 30 DL 3rd order IMD products

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

	DL frequency (MHz)
	729
	746
	2110
	2155
	2350
	2360

	
	
	

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

	IMD frequency limits (MHz)
	479
	551

	
	
	

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

	IMD frequency limits (MHz)
	924
	996

	
	
	

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

	IMD frequency limits (MHz)
	3714
	3786

	
	
	

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

	IMD frequency limits (MHz)
	5189
	5261


It can be seen from Table 6.8.3-1 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 (4 + 12 + 30) may fall into the BS receive band of 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 43 receiver would be well below the receiver noise floor eliminating the possibility of receiver desensitization, provided that Band (4 + 12 + 30) BS transmitter does not share the same antenna with Band 43 BS receiver.
Therefore, it is recommended that Band (4 + 12 + 30) BS transmitter should not share the same antenna with Band 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.
6.8.2
ΔTIB,c and ΔRIB,c
The relaxation for Band 12 is based on the use of a harmonic filter for suppression of Band 12 transmitter harmonics falling into Band 4.
For the UE which supports CA_4A-12A-30A the ΔTIB,c is defined for applicable bands in Table 6.8.2-1 (see Table 6.3.2.2.1-1).
Table 6.8.2-1: ΔTIB,c
	E-UTRA CA Configuration
	E-UTRA Band
	ΔTIB,c [dB]

	CA_4A-12A-30A
	4
	[0.5]

	
	12
	0.8

	
	30
	[0.3]


The requirements for CA_4A-30A discussed in TR 36.851 are the same as for the corresponding bands in the requirements for the 3DL combinations above, which are based on multiplexing of Band 2, Band 4 and Band 30.

For the UE which supports CA_4A-12A-30A the ΔRIB,c is defined for applicable bands in Table 6.8.2-2 (see Table 6.3.2.3.1-1).
Table 6.8.2-2: ΔRIB,c
	E-UTRA CA Configuration
	E-UTRA Band
	ΔRIB,c [dB]

	CA_4A-12A-30A
	4
	[0.4]

	
	12
	0.5

	
	30
	[0.5]


6.9
LTE Advanced 3 Band Carrier Aggregation (3DL/1UL) for Band 4, Band 29 and Band 30
Table 6.9-1: 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_4-29-30
	4
	1710 MHz
	–
	1755 MHz
	2110 MHz
	–
	2155 MHz
	FDD

	
	29
	N/A
	717 MHz
	–
	728 MHz
	

	
	30
	2305 MHz
	–
	2315 MHz
	2350 MHz
	–
	2360 MHz
	


Table 6.9-2: 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-29A-30A
	4
	
	
	Yes
	Yes
	Yes
	Yes
	40
	0

	
	29
	
	
	Yes
	Yes
	
	
	
	

	
	30
	
	
	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 [z] when operating in single carrier mode 

6.9.1
Co-existence studies for 1 UL/3 DL

The 3rd order IMD products caused in the BS by transmitting of Band 4, Band 5 and Band 30 DL carriers (i.e. 3DL CA with one component carrier in each band) can be calculated as shown in Table 6.9.1-1 below:
Table 6.9.1-1: Band 4, Band 5 and Band 30 DL 3rd order IMD products

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

	DL frequency (MHz)
	869
	894
	2110
	2155
	2350
	2360

	
	
	

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

	IMD frequency limits (MHz)
	619
	699

	
	
	

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

	IMD frequency limits (MHz)
	1064
	1144

	
	
	

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

	IMD frequency limits (MHz)
	3566
	3646

	
	
	

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

	IMD frequency limits (MHz)
	5329
	5409


It can be seen from Table 6.9.1-1 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 (4 + 5 + 30) may fall into the BS receive band of Bands 42 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 42 or 43 receiver would be well below the receiver noise floor eliminating the possibility of receiver desensitization, provided that Band (4 + 5 + 30) BS transmitter does not share the same antenna with Band 42 or 43 BS receiver.
Therefore, it is recommended that Band (4 + 5 + 30) 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 42 or 43 BS receiver desensitization. Note that antenna sharing may be allowed as the state-of-the-art continues to evolve in the future.
6.9.2
ΔTIB,c and ΔRIB,c
The relaxation for Band 29 is based on the relaxation for 2DL combinations of Band 29 and a high band (Band 4). 

For the UE which supports CA_4A-29A-30A the ΔTIB,c is defined for applicable bands in Table 6.9.2-1 (see Table 6.3.2.2.1-1).
Table 6.9.2-1: ΔTIB,c
	E-UTRA CA Configuration
	E-UTRA Band
	ΔTIB,c [dB]

	CA_4A-29A-30A
	4
	[0.5]

	
	29
	N/A

	
	30
	[0.3]


The requirements for CA_4A-30A discussed in TR 36.851 are the same as for the corresponding bands in the requirements for the 3DL combinations above, which are based on multiplexing of Band 2, Band 4 and Band 30.

For the UE which supports CA_4A-29A-30A the ΔRIB,c is defined for applicable bands in Table 6.9.2-2 (see Table 6.3.2.3.1-1).
Table 6.9.2-2: ΔRIB,c
	E-UTRA CA Configuration
	E-UTRA Band
	ΔRIB,c [dB]

	CA_4A-29A-30A
	4
	[0.4]

	
	29
	0

	
	30
	[0.5]


6.10
LTE Advanced 3 Band Carrier Aggregation (3DL/1UL) of Band 3, Band 7 and Band 20
< end of text proposal >
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