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1. Introduction
This paper discusses the UE capability signalling for intra-band non-contiguous CA in accordance with TS 36.101 [1].
2. Discussion
Several band combinations for intra-band non-contiguous CA up to 3 DL have been introduced so far as excerpted in the Annex section. All of them are classified into the following two cases:
Case A:
All CA bandwidth classes are the same in the intra-band (e.g., 41A-41A).

Case B:
CA bandwidth classes are different in the intra-band (e.g., 41A-41C).

For Case A, if 2 DL CA is assumed for Band X (arbitrary number), i.e., CA_XA-XA, there are two combinations as illustrated in Figure 1. The difference between the two is the location of UL PCC. From the UE capability signalling viewpoints, the possible two combinations can be represented as shown in Figure 2. Nonetheless, it cannot distinguish one from the other since the order of the band parameter entry (BandParameters-r10) does not mean anything in the current specification. Alternatively, the UE may include either of the BandCombinationParameters in Figure 2 into the UE capability to imply that both of the combinations in Figure 1 are supported. 
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Figure 1:

Combinations of Intra-band non-contiguous CA, case A
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Figure 2:

UE capability signalling for CA_XA-XA
The same issue also exists in Case B. For example, CA_41A-41C and CA_41C-41A are specified in the latest TS 36.101 as found in the table of the Annex section. According to a specification drafting rule in RAN4, the notation of E-UTRA CA configuration in Table 5.6A.1-3 of TS 36.101 is written such that the leftmost band and bandwidth class denote the lowest carrier location and the rightmost denotes the highest carrier location. Likewise Case A, the current BandCombinationParameters cannot distinguish CA_XA-XC from CA_XC-XA as well as the UL PCC location although the different parameter entries are possible as shown in Figure 3.
[image: image3.emf]BandCombinationParameters-r10 (DL: XA-XC, UL: XA (lower)) BandCombinationParameters-r10 (DL: XA-XC, UL: XA (upper))

BandParameters-r10 BandParameters-r10

bandEUTRA-r10 X bandEUTRA-r10 X

BandParametersUL-r10 BandParametersUL-r10 NULL

CA-MIMO-ParametersUL-r10 BandParametersDL-r10

CA-BandwidthClass-r10 A CA-MIMO-ParametersDL-r10

BandParametersDL-r10 CA-BandwidthClass-r10 A

CA-MIMO-ParametersDL-r10 BandParameters-r10

CA-BandwidthClass-r10 A bandEUTRA-r10 X

BandParameters-r10 BandParametersUL-r10

bandEUTRA-r10 X CA-MIMO-ParametersUL-r10

BandParametersUL-r10 NULL CA-BandwidthClass-r10 A

BandParametersDL-r10 BandParametersDL-r10

CA-MIMO-ParametersDL-r10 CA-MIMO-ParametersDL-r10

CA-BandwidthClass-r10 C CA-BandwidthClass-r10 C

BandCombinationParameters-r10 (DL: XC-XA, UL: XA (lower)) BandCombinationParameters-r10 (DL: XC-XA, UL: XA (upper))

BandParameters-r10 BandParameters-r10

bandEUTRA-r10 X bandEUTRA-r10 X

BandParametersUL-r10 BandParametersUL-r10 NULL

CA-MIMO-ParametersUL-r10 BandParametersDL-r10

CA-BandwidthClass-r10 A CA-MIMO-ParametersDL-r10

BandParametersDL-r10 CA-BandwidthClass-r10 C

CA-MIMO-ParametersDL-r10 BandParameters-r10

CA-BandwidthClass-r10 C bandEUTRA-r10 X

BandParameters-r10 BandParametersUL-r10

bandEUTRA-r10 X CA-MIMO-ParametersUL-r10

BandParametersUL-r10 NULL CA-BandwidthClass-r10 A

BandParametersDL-r10 BandParametersDL-r10

CA-MIMO-ParametersDL-r10 CA-MIMO-ParametersDL-r10

CA-BandwidthClass-r10 A CA-BandwidthClass-r10 A


Figure 3:

UE capability signalling for CA_XA-XC and CA_XC-XA
To resolve this ambiguity, the following approaches can be considered:
Option 1:
The UE includes the supported BandCombinationParameters (as in Fig.2, 3) in the UE capability. The entries of BandParameters are listed in ascending order of carrier frequency.
Option 2:
The UE includes one of the BandCombinationParameters in the UE capability, which also means the support of all the other possible BandCombinationParameters for an intra-band non-contiguous band combination.
Option 1 is aligned with the current UE behaviour that the UE includes all supported band combinations. Option 2 helps to reduce the UE capability signalling size while the different handling and interpretation of the BandCombinationParameters are required for both the eNB and the UE to deal with the intra-band non-contiguous case. 
For both options, IOT impacts are analysed in Table 1. If the solution is implemented by the UE and not by the eNB, both options have the same consequence that the eNB cannot distinguish one intra-band non-contiguous combination from the others. The eNB may not configure the intra-band CA or configure the band combination not supported by the UE. For this case, there is no difference between the options. If the solution is implemented by the eNB and not by the UE, Option 2 incurs a risk that the eNB considers that the UE supports all the possible combinations and may configure the band combination not supported by the UE. 
Table 1:
IOT analysis for both options

	IOT analysis
	Option 1
	Option 2

	If implemented by the UE and not by the eNB,
	The eNB cannot distinguish one intra-band non-contiguous combination from the others. In consequence, the eNB may not configure the intra-band non-contiguous CA for the UE.

	The eNB understands that the UE supports only one intra-band non-contiguous combination indicated by the UE capability. Nevertheless, the eNB cannot learn the knowledge of carrier location from the UE capability. In consequence, the eNB may not configure the intra-band CA or may configure the band comfiguration which is not supported by the UE.



	If implemented by the eNB and not the UE,
	The eNB can configure one of the intra-band non-contiguous combinations provided by the UE in accordance with the proposed new rule.

	If the UE supports only one intra-band non-contiguous combination and include it in the UE capability in the legacy manner, the eNB considers that the UE supports all the other possible combinations and may configure the band combination which is not supported by the UE.




To avoid this risk, a possible modification of Option 2 is to add an additional bit indicating that the UE supports all the possible BandCombinationParameters for the intra-band non-contiguous band combination included in the UE capability. If this additional bit is absent in the UE capability, the eNB supporting Option 2 can learn that the UE does not support Option 2 and so configure intra-band non-contiguous CA explicitly indicated in the UE capability. By adding this additional bit, there is no IOT issue in Option 2 likewise Option 1. Thus, Option 2 is modified as follows:

Option 2’:
The UE includes one of the BandCombinationParameters for an intra-band non-contiguous band combination in the UE capability together with an additional bit indicating that the UE supports all the other possible BandCombinationParameters.

3. Summary and proposal
This paper highlighted ambiguity of the current UE capability signalling for intra-band non-contiguous CA. In conclusion, the following is proposed:
Proposal:

RAN2 is respectfully asked to discuss the following options for intra-band non-contiguous CA.
Option 1:
The UE includes the supported BandCombinationParameters in the UE capability. The entries of BandParameters are listed in ascending order of carrier frequency.
Option 2’:
The UE includes one of the BandCombinationParameters for an intra-band non-contiguous band combination in the UE capability together with an additional bit indicating that the UE supports all the other possible BandCombinationParameters.
Our preference is Option 1 and to make a clarification in TS 36.331 as shown below. Since Option 1 does not require the ASN.1 change, correction from Rel-10 can be considered. Corresponding CRs from Rel-10 are provided at this meeting as in [2].
	UE-EUTRA-Capability field descriptions
	FDD/ TDD diff

	BandCombinationParameters-r10

For an intra-band non-contiguous band combination, the entries of BandParameters-r10 are listed in ascending order of carrier frequency as specified in TS 36.101 [42].
	-
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Annex:
Intra-band con-contiguous CA band combinations specified in TS 36.101

Table 5.6A.1-3: E-UTRA CA configurations and bandwidth combination sets defined for non-contiguous intra-band CA (with two sub-blocks)

	E-UTRA CA configuration / Bandwidth combination set

	E-UTRACA configuration
	Uplink CA configurations (NOTE 1)
	Component carriers in order of increasing carrier frequency
	Maximum aggregated 
bandwidth [MHz]
	Bandwidth combination set
	uplink CA capability

	
	
	Channel bandwidths for carrier [MHz]
	Channel bandwidths for carrier [MHz]
	Channel bandwidths for carrier [MHz]
	
	
	

	CA_2A-2A
	-
	5, 10, 15, 20
	5, 10, 15, 20
	
	40
	0
	No

	CA_3A-3A
	-
	5, 10, 15, 20
	5, 10, 15, 20
	
	40
	0
	No

	CA_4A-4A
	-
	5, 10, 15, 20
	5, 10, 15, 20
	
	40
	0
	Yes

	CA_7A-7A
	-
	5
	15
	
	40
	0
	No

	
	
	10
	10, 15
	
	
	
	

	
	
	15
	15, 20
	
	
	
	

	
	
	20
	20
	
	
	
	

	CA_23A-23A
	-
	5
	10
	
	15
	0
	No

	CA_25A-25A
	-
	5, 10
	5, 10
	
	20
	0
	No

	
	
	5, 10, 15, 20
	5, 10, 15, 20
	
	40
	1
	No

	CA_41A-41A
	-
	10, 15, 20
	10, 15, 20
	
	40
	0
	No

	
	
	5, 10, 15, 20
	5, 10, 15, 20
	
	40
	1
	No

	CA_41A-41C
	-
	5, 10, 15, 20
	See Table 5.6A.1-1
	60
	0
	No

	CA_41C-41A
	-
	See Table 5.6A.1-1
	5, 10, 15, 20
	60
	0
	No

	CA_42A-42A
	-
	5, 10, 15, 20
	5, 10, 15, 20
	
	40
	0
	No

	NOTE 1: 
Uplink CA configurations are the configurations supported by the present release of specifications.
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