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1
Background
In this contribution we discuss an alternative to the proposed changes in [1] for the specification of the support of bandwidth combinations for inter-band CA and extensions of the RRC signaling to indicate a larger set of supported bandwidth combinations at later stages. Rather than inducing a Bandwidth Combination Set, one could instead introduce a UE capability of Maximum Aggregated Bandwidth and require that the UE support all bandwidth combinations less than or equal to this capability. However, all of these bandwidth combinations need not be specified in 36.101 in order to limit the testing effort, and bandwidth combinations subject to the maximum bandwidth could possibly be added at a later stage using the RRC signaling extensions proposed in [2]. 
2
Alternative to bandwidth combination sets

In the proposal in [1], the bandwidth combinations supported by the UE and with RF requirements specified in 36.101 would be specified as follows for each band combination:
Table 1: specification in terms of bandwidth combination sets
	E-UTRA Band Combination
	E-UTRA CA Configuration
	Supported CC Bandwidth Combinations

[MHz]
	Bandwidth 
Combination Set

	5,1
	CA_5A-1A
	10+10
	0

	13,4
	CA_13A-4A
	10+5, 10+10, 10+15, 10+20
	0

	17,4
	CA_17A-4A
	5+5, 10+5, 5+10, 10+10
	0

	12,5
	CA_12A-5A
	5+5, 10+5, 5+10, 10+10
	0

	[Similar for other combinations]
	
	
	


The bandwidth combination set would be indicated in the UE capability IE for band combination supported (in SupportedBandCombination-r10), see [2]. Additional sets can then be specified in a release-independent manner for a band combination. There is a backwards-compatibility problem: if a larger set is defined in a later release, the legacy UE may not support an additional bandwidth combination were this to be configured by the network.

Alternatively, one could specify the maximum aggregated bandwidth supported by the UE, e.g. 20 MHz across the aggregated bands, which would be a UE capability. Then, subject to this capability, the bandwidth combinations with RE requirements in 36.101 are specified. For each band combination, the maximum aggregation bandwidth supported and the bandwidth combinations tested in 36.101 are associated with a Bandwidth Aggregation Index:
Table 2: specification in terms of bandwidth aggregation index
	E-UTRA Band Combination
	E-UTRA CA Configuration
	CC Bandwidth Combinations specified
[MHz]
	Maximum Aggregated Bandwidth [MHz]
	Bandwidth 
Aggregation Index

	5,1
	CA_5A-1A
	10+10
	20
	0

	13,4
	CA_13A-4A
	10+5, 10+10, 10+15, 10+20
	30
	0

	17,4
	CA_17A-4A
	5+5, 10+5, 5+10, 10+10
	20
	0

	12,5
	CA_12A-5A
	5+5, 10+5, 5+10, 10+10
	20
	0

	[Similar for other combinations]
	
	
	
	


The bandwidth combinations specified need not include all possible bandwidth combinations in order to limit the testing effort, but all possible combinations subject to the maximum aggregated bandwidth must be supported by the UE from the start (in any event the UE must support all bandwidths specified for each of the constituent bands). Hence, in principle, it should be possible to configure any of these bandwidth combinations, recognizing that there the performance may not be guaranteed for all bandwidth combinations. 
For each band combinations, new bandwidth combinations could be added to the list of specified bandwidth at a later stage. In order to keep track of the UE capabilities a new bandwidth aggregation index could be specified for a new set, even if the maximum aggregated bandwidth is the same, see the example below for CA_5A-4A with a 5+15 MHz combination added:
Table 3: increasing the set of specified bandwidth for fixed aggregated bandwidth
	E-UTRA Band Combination
	E-UTRA CA Configuration
	CC Bandwidth Combinations specified
[MHz]
	Maximum Aggregated Bandwidth [MHz]
	Bandwidth 
Aggregation Index

	5,1
	CA_5A-1A
	10+10
	20
	0

	
	
	5+15, 10+10
	20
	1

	13,4
	CA_13A-4A
	10+5, 10+10, 10+15, 10+20
	40
	0

	17,4
	CA_17A-4A
	5+5, 10+5, 5+10, 10+10
	20
	0

	12,5
	CA_12A-5A
	5+5, 10+5, 5+10, 10+10
	20
	0

	[Similar for other combinations]
	
	
	
	


The legacy mobiles not indicating index “1” would still support the 5 + 15 MHz if configured by the network, but without guaranteed performance. There would still be a backwards-compatibility issue: if the maximum aggregated bandwidth is increased for a particular band combination, the legacy mobiles indicating either “0” or “1” will not support the larger aggregated bandwidth associated with index “2” in the example below:

Table 4: increasing the aggregated bandwidth

	E-UTRA Band Combination
	E-UTRA CA Configuration
	CC Bandwidth Combinations specified
[MHz]
	Maximum Aggregated Bandwidth [MHz]
	Bandwidth 
Aggregation Index

	5,1
	CA_5A-1A
	10+10
	20
	0

	
	
	5+15, 10+10
	20
	1

	
	
	5+15, 10+10, 10+15
	30
	2

	13,4
	CA_13A-4A
	10+5, 10+10, 10+15, 10+20
	30
	0

	17,4
	CA_17A-4A
	5+5, 10+5, 5+10, 10+10
	20
	0

	12,5
	CA_12A-5A
	5+5, 10+5, 5+10, 10+10
	20
	0

	[Similar for other combinations]
	
	
	
	


A UE supporting a larger aggregated bandwidth (40 MHz) would then always support the smaller aggregated bandwidth (20 MHz).
It is tempting to specify the maximum aggregated bandwidth possible for each band combination, but it would be possible to make a phased introduction if 

1. band combinations are specified with a Maximum Aggregated Bandwidth smaller than the sum of the maximum bandwidths for the constituent bands initially,

2. for each band combination, not all bandwidth combinations are specified in 36.101 and tested in 36.521-1
UE(s) introduced in the first phase might not have been tested for all bandwidth combinations, but would still support all possible future bandwidth combinations subject to the maximum aggregated bandwidth capability.
3
Release independence

The RF requirements that must be met by a particular E-UTRA CA Configuration with its associated Bandwidth Combination Set (could be one or several) that is implemented in an earlier release should be specified in 36.307. The same could apply to the Bandwidth Aggregation Index (one or several) in the alternative proposal. 
4
Two proposals
We have introduced two alternative proposals, either
1. the bandwidth combinations supported for each band combination is associated with a bandwidth combination set

2. or the maximum aggregated bandwidth supported and the bandwidth combinations specified in 36.101 are associated with a bandwidth aggregation index.

In the RRC protocol, the bandwidth combination set is indicated in the bitmap (see the proposal in [2]) for the first alternative, whereas the bandwidth aggregation index is indicated in the same bitmap for the second.
A phased introduction of bandwidth combinations is possible with both approaches. Specification text for the two alternatives can be found below (based on 36.101 v10.5.0).
5.6A
Channel bandwidth for CA

The requirements for carrier aggregation apply for supported combinations of E-UTRA operating bands and CA bandwidth classes. Each CA bandwidth class is defined over an aggregated channel bandwidth within an operating band.

[image: image1]
Figure 5.6A-1. Definition of Aggregated Channel Bandwidth and Aggregated Channel Bandwidth Edges
The aggregated channel bandwidth, BWChannel_CA, is defined for intra-band contiguous aggregation and is expressed as (Figure 5.6A-1)

BWChannel_CA = Fedge,high - Fedge,low  [MHz].
The lower bandwidth edge Fedge,low  and the upper bandwidth edge Fedge,high of the aggregated channel bandwidth are used as frequency reference points for transmitter and receiver requirements and are defined by


Fedge,low = FC,low - Foffset,low


Fedge,high = FC,high + Foffset,high

The lower and upper frequency offsets depend on the transmission bandwidth configurations of the lowest and highest assigned edge component carrier and are defined as 


Foffset,low = 0.18NRB,low /2 + BWGB [MHz]


Foffset,high = 0.18NRB,high/2 + BWGB [MHz]

where NRB,low and NRB,high are the transmission bandwidth configurations according to Table 5.6-1 for the lowest and highest assigned component carrier, respectively. BWGB denotes the Nominal Guard Band and is defined in Table 5.6A-1, and the factor 0.18 is the PRB bandwidth in MHz.

NOTE:
The values of BWChannel_CA for UE and BS are the same if the lowest and the highest component carriers are identical.
The CA Bandwidth Class is specified per operating band and is defined in terms of an aggregated transmission bandwidth configuration subject to a maximum number of CC(s). The aggregated transmission bandwidth configuration is the number of PRB(s) that can be allocated within the aggregated channel bandwidth. Table 5.6A-1 specifies the carrier aggregation bandwidth classes.
Table 5.6A-1: CA bandwidth classes and corresponding nominal guard bands

	CA Bandwidth Class
	Aggregated Transmission Bandwidth Configuration
	Maximum number of CC
	Nominal Guard Band BWGB

	A
	NRB,agg ≤ 100
	1
	0.05BWChannel(1)

	B
	NRB,agg ≤ 100
	2
	FFS

	C
	100 < NRB,agg ≤ 200
	2
	0.05 max(BWChannel(1),BWChannel(2))

	D
	200 < NRB,agg ≤ [300]
	FFS
	FFS

	E
	[300] < NRB,agg ≤ [400]
	FFS
	FFS

	F
	[400] < NRB,agg ≤ [500]
	FFS
	FFS

	Note 1:
BWChannel(1) and BWChannel(2) are channel bandwidths of two E-UTRA component carriers according to Table 5.6-1.


The channel spacing between the centre frequencies of the contiguously aggregated component carriers is defined in clause 5.7A.1.
5.6A.1
Channel bandwidths per operating band for CA

The requirements for carrier aggregation in this specification apply to E-UTRA CA configurations. For intra-band contiguous carrier aggregation, an E-UTRA Configuration is one supported operating band with an associated CA Bandwidth Class. For inter-band carrier aggregation, an E-UTRA CA Configuration is a supported combination of bands, each of which belongs to a CA Bandwidth Class.
For each E-UTRA CA Configuration, the requirements in this specification apply for supported bandwidth combinations associated with a Bandwidth Combination Set, with equal component carrier bandwidth in each downlink and uplink band. 
< start of alternative with bandwidth aggregation index >

For each E-UTRA CA Configuration, the requirements in this specification apply for bandwidth combinations associated with a Bandwidth Combination Index, with equal component carrier bandwidth in each downlink and uplink band. For inter-band carrier aggregation, the bandwidth combinations associated with a Bandwidth Combination Index are subject to a Maximum Aggregated Bandwidth. 
< end of alternative with bandwidth aggregation index >
The requirements for intra-band contiguous carrier aggregation in this specification apply to the E-UTRA CA configurations specified in Table 5.6A.1-1. 

DL component carrier combinations for a given E-UTRA CA configuration shall be symmetrical in relation to channel centre unless stated otherwise in table 5.6A.1-1 or 5.6A.1-2.

Table 5.6A.1-1: E-UTRA CA Configurations specified for intra-band CA
	E-UTRA Band
	E-UTRA CA Configuration
	Supported CC Bandwidth Combinations 

[MHz] 
	Bandwidth Combination Set

	1
	CA_1C
	{15+15}, {20+20}
	0

	40
	CA_40C
	{10+15}, {15+15}, {20+20}
	0

	[Similar for other bands]
	
	
	

	NOTE 1:
The CA Configuration refers to a combination of an operating band and a CA bandwidth class specified in Table 5.6A-1 (the indexing letter). 

NOTE 2:
For intra-band contiguous aggregation in band Op1, {BW1+BW2} refers to intra-band carrier aggregation of components carriers of bandwidths BW1 MHz and BW2 MHz

NOTE 3:
For the supported CC bandwidth combinations, the CC downlink and uplink bandwidths are equal.


< start of alternative with bandwidth aggregation index >

Table 5.6A.1-1: E-UTRA CA Configurations specified for intra-band CA
	E-UTRA Band
	E-UTRA CA Configuration
	Supported CC Bandwidth Combinations 

[MHz] 
	Bandwidth Aggregation Index

	1
	CA_1C
	{15+15}, {20+20}
	0

	40
	CA_40C
	{10+15}, {15+15}, {20+20}
	0

	[Similar for other bands]
	
	
	

	NOTE 1:
The CA Configuration refers to a combination of an operating band and a CA bandwidth class specified in Table 5.6A-1 (the indexing letter). 

NOTE 2:
For intra-band contiguous aggregation in band Op1, {BW1+BW2} refers to intra-band carrier aggregation of components carriers of bandwidths BW1 MHz and BW2 MHz

NOTE 3:
For the supported CC bandwidth combinations, the CC downlink and uplink bandwidths are equal.


< end of alternative with bandwidth aggregation index >

	

	
	
	

	

	


	
	
	
	
	

	
	
	
	
	


The requirements for inter-band CA in this specification apply to the E-UTRA Configurations specified in Table 5.6A.1-2. 
Table 5.6A.1-2: E-UTRA CA Configurations specified for inter-band CA
	E-UTRA Band Combination
	E-UTRA CA Configuration
	Supported CC Bandwidth Combinations 

[MHz]
	Bandwidth Combination Set

	5,1
	CA_5A-1A
	10+10
	0

	13,4
	CA_13A-4A
	10+5, 10+10, 10+15, 10+20
	0

	17,4
	CA_17A-4A
	5+5, 10+5, 5+10, 10+10
	0

	12,5
	CA_12A-5A
	5+5, 10+5, 5+10, 10+10
	0

	[Similar for other combinations]
	
	
	

	NOTE 1:
The CA Configuration refers to a supported combination of operating bands, each of which belongs to a CA bandwidth class specified in Table 5.6A-1 (the indexing letter). 

NOTE 2:
for a supported inter-band band combination (Op1, Op2), a supported bandwidth combination BW1+BW2 refers to aggregation of components carriers of bandwidths BW1 MHz in operating band Op1 and BW2 MHz in operating band Op2.

NOTE 3:
For the supported CC bandwidth combinations, the CC downlink and uplink bandwidths are equal.


< start of alternative with bandwidth aggregation index >
The requirements for inter-band CA in this specification apply to the E-UTRA Configurations specified in Table 5.6A.1-2. The UE shall support all bandwidth combinations for which the aggregated bandwidth is less than or equal to the maximum aggregated bandwidth in accordance with Table 5.6.1-1.
Table 5.6A.1-2: E-UTRA CA Configurations specified for inter-band
	E-UTRA Band Combination
	E-UTRA CA Configuration
	CC Bandwidth Combinations specified
[MHz]
	Maximum Aggregated bandwidth supported
	Bandwidth Aggregation Index

	5,1
	CA_5A-1A
	10+10
	20
	0

	13,4
	CA_13A-4A
	10+5, 10+10, 10+15, 10+20
	30
	0

	17,4
	CA_17A-4A
	5+5, 10+5, 5+10, 10+10
	20
	0

	12,5
	CA_12A-5A
	5+5, 10+5, 5+10, 10+10
	20
	0

	[Similar for other combinations]
	
	
	
	

	NOTE 1:
The CA Configuration refers to a supported combination of operating bands, each of which belongs to a CA bandwidth class specified in Table 5.6A-1 (the indexing letter). 

NOTE 2:
for a supported inter-band band combination (Op1, Op2), a supported bandwidth combination BW1+BW2 refers to aggregation of components carriers of bandwidths BW1 MHz in operating band Op1 and BW2 MHz in operating band Op2.

NOTE 3:
For the supported CC bandwidth combinations, the CC downlink and uplink bandwidths are equal.


< end of alternative with bandwidth aggregation index >
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