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1. Introduction

Carrier aggregation is a feature which was introduced for E-UTRA in the Rel-10 specifications.  From the RF perspective, specifications and requirements for carrier aggregation have been defined over the span of several years covering multiple releases.  Features such as CA bandwidth classes and uplink CA support have evolved over this time, but are not concisely found in a single sub-clause of the specifications.  In this contribution, we propose to designate supported CA classes and uplink and downlink CA configurations where the CA operator bands are defined for easy reference.
2. Discussion

Intra-band contiguous CA
It can be difficult to determine if a CA band combinations supports a CA feature at a glance.  For example, for intra-band contiguous carrier aggregation, the operating bands are listed in Table 5.5A-1 copied below. 
Table 5.5A-1: Intra-band contiguous 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
	1
	1920 MHz
	–
	1980 MHz
	2110 MHz
	–
	2170 MHz
	FDD

	CA_3
	3
	1710MHz
	–
	1785MHz
	1805MHz
	–
	1880MHz
	FDD

	CA_7
	7
	2500 MHz
	–
	2570 MHz
	2620 MHz
	–
	2690 MHz
	FDD

	CA_23
	23
	2000 MHz
	
	2020 MHz
	2180 MHz
	
	2200 MHz
	FDD

	CA_27
	27
	807 MHz
	–
	824 MHz
	852 MHz
	–
	869 MHz
	FDD

	CA_38
	38
	2570 MHz
	–
	2620 MHz
	2570 MHz
	–
	2620 MHz
	TDD

	CA_40
	40
	2300 MHz
	–
	2400 MHz
	2300 MHz
	–
	2400 MHz
	TDD

	CA_41
	41
	2496 MHz
	
	2690 MHz
	2496 MHz
	
	2690 MHz
	TDD


From this table, it is easily seen by inspection which bands intra-band contiguous carrier aggregation is supported in the specification.  However, it is not obvious from this table which of these bands support uplink and downlink carrier aggregation.  Furthermore, it is not obvious which of these bands support class B, class C, or class D carrier aggregation.  The information does exist in the specification but can be difficult to locate.  

In this case, one can observe in Table 5.6A.1-2 that only configurations with CA class B are defined for Band 23 and Band 27, and CA class C is defined for bands 1, 3, 7, 38, 40, and 41.  From this, one can determine which bandwidth classes are supported in each band.

Table 5.6A.1-1: E-UTRA CA configurations and bandwidth combination sets defined for intra-band contiguous CA

	E-UTRA CA configuration / Bandwidth combination set

	E-UTRA CA configuration
	Component carriers in order of increasing carrier frequency
	Maximum aggregated 
bandwidth [MHz]
	Bandwidth combination set

	
	Allowed channel bandwidths for carrier [MHz]
	Allowed channel bandwidths for carrier [MHz]
	
	

	CA_1C
	15
	15
	40
	0

	
	20
	20
	
	

	CA_3C
	5, 10, 15
	20
	40
	0

	
	20
	5, 10, 15, 20
	
	

	CA_7C
	15
	15
	40
	0

	
	20
	20
	
	

	CA_23B
	10
	10
	20
	0

	
	5
	15
	
	

	CA_27B
	1.4, 3, 5
	5
	13
	0

	
	1.4, 3
	10
	
	

	
	5, 10
	1.4, 3
	
	

	CA_38C
	15
	15
	40
	0

	
	20
	20
	
	

	CA_40C
	10
	20
	40
	0

	
	15
	15
	
	

	
	20
	10, 20
	
	

	CA_41C
	10
	20
	40
	0

	
	15
	15, 20
	
	

	
	20
	10, 15, 20
	
	

	NOTE 1:
The CA configuration refers to an operating band and a CA bandwidth class specified in Table 5.6A-1 (the indexing letter). Absence of a CA bandwidth class for an operating band implies support of all classes.

NOTE 2:
For the supported CC bandwidth combinations, the CC downlink and uplink bandwidths are equal


Moreover, Table 6.2.2A lists the maximum output power for CA.  Since CA configurations CA_23B and CA_27B are not listed in this table, it can be deduced that these configurations do not support UL CA, but the other intra-band configurations listed in this table do.
Table 6.2.2A-1: CA UE Power Class

	E-UTRA CA Configuration
	Class 1 (dBm)
	Tolerance (dB)
	Class 2 (dBm)
	Tolerance (dB)
	Class 3 (dBm)
	Tolerance (dB)
	Class 4 (dBm)
	Tolerance (dB)

	CA_1C
	
	
	
	
	23
	+2/-2
	
	

	CA_3C
	
	
	
	
	23
	+2/-22
	
	

	CA_7C
	
	
	
	
	23
	+2/-22
	
	

	CA_38C
	
	
	
	
	23
	+2/-2
	
	

	CA_40C
	
	
	
	
	23
	+2/-2
	
	

	CA_41C
	
	
	
	
	23
	+2/-22
	
	

	NOTE 1:
Void

NOTE 2:
For transmission bandwidths (Figure 5.6-1) confined within FUL_low and FUL_low + 4 MHz or FUL_high – 4 MHz and FUL_high, the maximum output power requirement is relaxed by reducing the lower tolerance limit by 1.5 dB 

NOTE 3:
PPowerClass is the maximum UE power specified without taking into account the tolerance

NOTE 4: 
For intra-band contiguous carrier aggregation the maximum power requirement should apply to the total transmitted power over all component carriers (per UE).


This, while the information exists, it is tedious to find.  We propose that this information can be captured in one place by modifying the operator bands table to include the bandwidth class supported for both UL and DL CA as shown below
Table 5.5A-1: Intra-band contiguous CA operating bands

	E-UTRA CA Band
	E-UTRA Band
	Supported CA bandwidth classes
	Uplink (UL) operating band
	Downlink (DL) operating band
	Duplex Mode

	
	
	
	BS receive / UE transmit
	BS transmit / UE receive 
	

	
	
	UL
	DL
	FUL_low  –  FUL_high
	FDL_low  –  FDL_high
	

	CA_1
	1
	A, C
	A, C
	1920 MHz
	–
	1980 MHz
	2110 MHz
	–
	2170 MHz
	FDD

	CA_3
	3
	A, C
	A, C
	1710MHz
	–
	1785MHz
	1805MHz
	–
	1880MHz
	FDD

	CA_7
	7
	A, C
	A, C
	2500 MHz
	–
	2570 MHz
	2620 MHz
	–
	2690 MHz
	FDD

	CA_23
	23
	A
	A, B
	2000 MHz
	
	2020 MHz
	2180 MHz
	
	2200 MHz
	FDD

	CA_27
	27
	A
	A, B
	807 MHz
	–
	824 MHz
	852 MHz
	–
	869 MHz
	FDD

	CA_38
	38
	A, C
	A, C
	2570 MHz
	–
	2620 MHz
	2570 MHz
	–
	2620 MHz
	TDD

	CA_40
	40
	A, C
	A, C
	2300 MHz
	–
	2400 MHz
	2300 MHz
	–
	2400 MHz
	TDD

	CA_41
	41
	A, C
	A, C
	2496 MHz
	
	2690 MHz
	2496 MHz
	
	2690 MHz
	TDD

	NOTE 1:   CA bandwidth classes are specified in sub-clause 5.6A.


Intra-band non-contiguous CA
For intra-band non-contiguous CA, the operating bands are found in Table 5.5A-3.

Table 5.5A-3: Intra-band non-contiguous 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_3-3
	3
	1710 MHz
	–
	1785 MHz
	1805 MHz
	–
	1880 MHz
	FDD

	CA_4-4
	4
	1710 MHz
	–
	1755 MHz
	2110 MHz
	–
	2155 MHz
	FDD

	CA_7-7
	7
	2500 MHz
	–
	2570 MHz
	2620 MHz
	–
	2690 MHz
	FDD

	CA_23-23
	23
	2000 MHz
	
	2020 MHz
	2180 MHz
	
	2200 MHz
	FDD

	CA_25-25
	25
	1850 MHz
	–
	1915 MHz
	1930 MHz
	–
	1995 MHz
	FDD

	CA_41-41
	41
	2496 MHz
	–
	2690 MHz
	2496 MHz
	–
	2690 MHz
	TDD


However, by inspection, while it can be correctly assumed that all of these bands support downlink CA, it cannot be determined which bands also support uplink carrier aggregation.  Uplink aggregation for intra-band non-contiguous CA has not yet been completed and is therefore the band-specific requirements are not yet included in TS 36.101.  However, it is expected that uplink CA may include a table to specify new requirements such as MSD.  Again, this information indicating which bands support UL CA would be indirectly located in a separate table within a separate clause of the specification.  We believe it would be beneficial to include the information directly in the operating bands table
Table 5.5A-3: Intra-band non-contiguous CA operating bands

	E-UTRA CA Band
	E-UTRA Band
	Supported UL CA
	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_3-3
	3
	No
	1710 MHz
	–
	1785 MHz
	1805 MHz
	–
	1880 MHz
	FDD

	CA_4-4
	4
	[Yes]
	1710 MHz
	–
	1755 MHz
	2110 MHz
	–
	2155 MHz
	FDD

	CA_7-7
	7
	No
	2500 MHz
	–
	2570 MHz
	2620 MHz
	–
	2690 MHz
	FDD

	CA_23-23
	23
	No
	2000 MHz
	
	2020 MHz
	2180 MHz
	
	2200 MHz
	FDD

	CA_25-25
	25
	No
	1850 MHz
	–
	1915 MHz
	1930 MHz
	–
	1995 MHz
	FDD

	CA_41-41
	41
	[Yes]
	2496 MHz
	–
	2690 MHz
	2496 MHz
	–
	2690 MHz
	TDD


Inter-band CA

For inter-band CA combinations, it is not obvious which combinations support downlink CA only (1UL/2DL), or also support uplink CA (2UL/2DL).  The operating bands showing the band combinations are found in Table 5.5A-2

Table 5.5A-2: 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_1-5
	1
	1920 MHz
	–
	1980 MHz
	2110 MHz
	–
	2170 MHz
	FDD

	
	5
	824 MHz
	–
	849 MHz
	869 MHz
	–
	894 MHz
	

	CA_1-8
	1
	1920 MHz
	–
	1980 MHz
	2110 MHz
	–
	2170 MHz
	FDD

	
	8
	880 MHz
	–
	915 MHz
	925 MHz
	–
	960 MHz
	

	CA_1-18
	1
	1920 MHz
	–
	1980 MHz
	2110 MHz
	–
	2170 MHz
	FDD

	
	18
	815 MHz
	–
	830 MHz
	860 MHz
	–
	875 MHz
	

	CA_1-19
	1
	1920 MHz
	–
	1980 MHz
	2110 MHz
	–
	2170 MHz
	FDD

	
	19
	830 MHz
	–
	845 MHz
	875 MHz
	–
	890 MHz
	

	...
	...
	...
	
	...
	...
	
	...
	...

	CA_23-29
	23
	2000 MHz
	–
	2020 MHz
	2180 MHz
	–
	2200 MHz
	FDD

	
	29
	N/A
	717 MHz
	–
	728 MHz
	


Similar to 2UL intra-band non-contiguous CA, the band-specific specifications for 2UL CA are not yet completed, but it is anticipated that a separate table capturing for example MSD will be created.  Furthermore, work for 3DL/1UL combinations is underway where it is anticipated that those combinations will be appended to the operating bands table.  In future specifications, it may be possible that some of the 3DL combinations will also support uplink aggregation of either 2 or 3 carriers.  For example, the CA_x-y-z band combination in the future may support uplink aggregation with CA_x-y and CA_y-z in conjunction with downlink aggregation of all three carriers.  Thus, we believe that it would be beneficial to capture this information within the operating bands table.
Table 5.5A-2: Inter-band CA operating bands

	E-UTRA CA Band
	Supported UL CA configuration
	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_1-5
	CA_1-5
	1
	1920 MHz
	–
	1980 MHz
	2110 MHz
	–
	2170 MHz
	FDD

	
	
	5
	824 MHz
	–
	849 MHz
	869 MHz
	–
	894 MHz
	

	CA_1-8
	N/A
	1
	1920 MHz
	–
	1980 MHz
	2110 MHz
	–
	2170 MHz
	FDD

	
	
	8
	880 MHz
	–
	915 MHz
	925 MHz
	–
	960 MHz
	

	CA_1-18
	N/A
	1
	1920 MHz
	–
	1980 MHz
	2110 MHz
	–
	2170 MHz
	FDD

	
	
	18
	815 MHz
	–
	830 MHz
	860 MHz
	–
	875 MHz
	

	CA_1-19
	CA_1-19
	1
	1920 MHz
	–
	1980 MHz
	2110 MHz
	–
	2170 MHz
	FDD

	
	
	19
	830 MHz
	–
	845 MHz
	875 MHz
	–
	890 MHz
	

	...
	...
	...
	...
	
	...
	...
	
	...
	...

	CA_23-29
	N/A
	23
	2000 MHz
	–
	2020 MHz
	2180 MHz
	–
	2200 MHz
	FDD

	
	
	29
	N/A
	717 MHz
	–
	728 MHz
	

	CA_x-y-z
	CA_x-y, CA_y-z
	x
	
	
	
	
	

	
	
	y
	
	
	
	
	

	
	
	z
	
	
	
	
	


3. Conclusion
In this contribution, it has been proposed that supported uplink and CA bandwidth classes be included in the operating bands tables.  This concisely indicates the applicability of the specifications as the number of CA band combinations and features continues to grow.
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