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1. Introduction
RAN2 agreed to consider enhanced CA capability signalling under the CA enhancement WI [1]. An LS was sent to RAN4 to ask the guidance of band combination related aspects in order for RAN2 to find a clue to solving the problem of the increased capability signalling size [2]. Since RAN2 intends to start studying signalling reductions even without RAN4 feedback, this paper proposes a detailed solution to reduce the signalling size for CA beyond 5 CCs.
2. Discussion
2.1. Observations of increased capability size
The reasons of increasing the UE capability signalling size related to CA band combinations are identified in [3]. Roughly speaking, there are the following primal factors:
Issue 1. UE capability signalling defined per band combination or per band and band combination.
Some of the UE capabilities are defined in the CA band combination signalling. This approach is aimed at flexible implementation and inter-operable testing but at the cost of increased signalling size. Ideally, a good balance between the flexibility and the signalling overhead should be taken into account when introducing a new feature with capability bits. On the other hand, it is difficult to predict the required degree of the flexibility when developing the standard. For instance, Rel-10 CA band combination signalling was designed to allow a certain degree of flexibility from the beginning. Nevertheless, the following issues were identified recently when the implementation and the inter-operable testing became realistic:
· MIMO/CSI process capability for intra-band contiguous CA [5].
In the existing signalling, one MIMO/CSI capability is included per CA bandwidth class. This signalling structure requires the UE to support the same MIMO/CSI capability for all contiguous CCs in the intra-band. To allow more flexibility for intra-band contiguous CA, per CC signalling of MIMO/CSI capability is supposed to be introduced.
· Multiple CA-MIMO-ParametersUL/DL in the same band entry [6].
Multiple CA-MIMO-Parameters in both UL and DL can be included into the same band entry, which allows the capability signalling to include multiple CA band combinations in one BandCombinationParameters. Although this signalling structure helps to reduce the capability size, RAN2 in the last meeting decided not to use this from now on. This was due to the fact that different band combinations could have different capabilities for which the band combination has to be signalled separately.
The existing capability signalling could be restructured to reduce the signalling size. For instance, functions not strictly related to CA band combination RF design are defined outside in the band combination signalling [3]. However, the feasibility should be assessed carefully so as not to repeat our recent experience as mentioned above.
Issue 2. Includes all supported band combinations.

The current rule is to include all supported band combinations into the UE capability. As the number of CCs supported by the UE is increased, the capability signalling size becomes larger. On the other hand, RAN4 recently specified a requirement of CA fall back combinations [7]. For each 3DL/1UL CA band combination, subset 2DL/1UL band combinations which the UE has to support are specified in the standard. This requirement of the fall back combinations will be valid and specified when the number of supported CCs is increased both in UL and DL according to the feedback from RAN4 [7]. Fall back requirements from larger bandwidth class to smaller bandwidth class seems also possible from RAN4 feedback including the scenario where an intra-band contiguous CA falls back to an intra-band “non”-contiguous CA (e.g., from class D to class A + class A). Thus, it would be a valid clue to resolving the increased signalling size as suggested in [4].
From the above observations, this paper here in after looks into how the capability signalling size can be reduced by taking advantage of the fall back requirement. 
2.2. Solution for reducing capability signalling size
By taking advantage of the CA fall back requirement, the following solution can be envisaged to reduce the signalling size.
	Proposed solution:

· The UE includes CA band combination(s) whose supported number of CCs is the maximum number for both UL and DL among all the band combinations supported by the UE (“parent” CA band combination).

· By default, all the fall back combinations (incl. non-CA combinations) are considered supported and so not included in the UE capability.
· For example, if the UE supports one 5DL/5UL CA band combination, the UE only includes this band combination in the UE capability. All the fall back combinations, e.g., 5DL/4UL, 4DL/4UL, etc, are not included.

· If the UE supports multiple 5DL/5UL combinations, they are also included. But the fall back combinations for each 5DL/5UL band are omitted.

· Exceptionally, if the UE does not support some of the fall back combinations, the UE includes the non-supported fall back combinations in the UE capability, in addition to the parent CA band combination.
· If there is a fall back combination supported by the UE for which some of the UE capabilities (e.g., MIMO layers, CSI processes, NAICS capabilities, etc.) are different from the parent CA band combination, the UE includes this fall back combination with the deltas of capabilities in the UE capability. 

· The absence of the capabilities in this fall back combination signalling implies that it is the same as the parent CA band combination.


Given that most of the fall back combinations are supported by the UE according to the outcome of RAN work, the proposed solution is expected to reduce the signalling size even with the increased number of CCs up to 32. In contrast, if the number of fall back combinations not supported by the UE is large or the number of fall back combinations with different UE capabilities than the parent band combination is large, the gain of the signalling reduction cannot be expected. Instead, the signalling size may be larger than the legacy. In that case, the UE by implementation should be able to choose whether the new capability signalling is used or the legacy one is used, depending on the supported band combinations and their capabilities.
2.3. Solution for ensuring backward compatibility

In addition, the standard should ensure the backward compatibility that the solution is implemented by the UE and not by the eNB. Otherwise, the legacy eNB cannot obtain the CA band combination capability from the UE. In consequence, the legacy eNB cannot configure CA for the UE even if the UE supports the legacy band combination up to 5 CCs. To resolve this, the procedure of UE capability transfer can be enhanced such that the eNB should be able to request the new capability signalling to the UE. If requested, the UE uses the new capability signalling. Otherwise, the UE use the legacy capability signalling.
3. Summary and proposal
This paper proposed a solution to reduce capability signalling size by taking advantage of CA fall back requirements. In conclusion, the followings are proposed:
Proposal 1:

Introduce the following solution for reducing capability signalling size for CA beyond 5CCs.

· The UE includes CA band combination(s) whose supported number of CCs is the maximum number for both UL and DL among all the band combinations supported by the UE (“parent” CA band combination).
· By default, all the fall back combinations (incl. non-CA combinations) are considered supported and so not included in the UE capability.
· Exceptionally, if the UE does not support some of the fall back combinations, the UE includes the non-supported fall back combinations in the UE capability, in addition to the parent CA band combination.
· If there are fall back combinations supported by the UE for which some of the UE capabilities (e.g., MIMO layers, CSI processes, NAICS capabilities, etc.) are different from the parent CA band combination, the UE includes this fall back combination with the deltas of capabilities in the UE capability.
· The absence of the capabilities in this fall back combination signalling implies that it is the same as the parent CA band combination.
Proposal 2:
The procedure of UE capability transfer is enhanced such that the eNB should be able to request the new capability signalling to the UE.
An example of ASN.1 and procedure impacts for Proposal 1/2 is provided in the Annex section. In this example, how the UE capability is specified (e.g., per band combination or per band and band combination) is based on the legacy definition. In addition to Proposal 1/2, further signalling reduction could be achieved if some of the capabilities are redefined outside the CA band combination signalling as described in sub-clause 2.1 (Issue 1).
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An example of ASN.1 and procedure impacts

UE-EUTRA-Capability information element
-- ASN1START

UE-EUTRA-Capability ::=


SEQUENCE {

<< skip unchanged part >>

nonCriticalExtension



UE-EUTRA-Capability-v920-IEs

OPTIONAL

}

<< skip unchanged part >>
UE-EUTRA-Capability-v1260-IEs ::=
SEQUENCE {
<< skip unchanged part >>

nonCriticalExtension



UE-EUTRA-Capability-v13xy-IEs







OPTIONAL

}
UE-EUTRA-Capability-v13xy-IEs ::=
SEQUENCE {

rf-Parameters-v13xy




RF-Parameters-v13xy





OPTIONAL,

nonCriticalExtension



SEQUENCE {}







OPTIONAL

}
RF-Parameters-v13xy ::=



SEQUENCE {

supportedBandCombination-r13


SupportedBandCombination-r13


OPTIONAL,
}

SupportedBandCombination-r13 ::= SEQUENCE (SIZE (1..maxBandComb-r13)) OF BandCombinationParametersParent-r13 

BandCombinationParametersParent-r13 ::=
SEQUENCE {


bandParameterList-r13


SEQUENCE (SIZE (1..maxSimultaneousBands-r10)) OF 




BandParameters-r11,


supportedBandwidthCombinationSet-r13
SupportedBandwidthCombinationSet-r10
OPTIONAL,


multipleTimingAdvance-r13

ENUMERATED {supported}




OPTIONAL,


simultaneousRx-Tx-r13


ENUMERATED {supported}




OPTIONAL,


bandInfoEUTRA-r13



BandInfoEUTRA,


dc-Support-r12




SEQUENCE {



asynchronous-r12



ENUMERATED {supported}


OPTIONAL,



supportedCellGrouping-r12

CHOICE {





threeEntries-r12



BIT STRING (SIZE(3)),





fourEntries-r12




BIT STRING (SIZE(7)),





fiveEntries-r12




BIT STRING (SIZE(15))



}















OPTIONAL


}
















OPTIONAL,

supportedNAICS-2CRS-AP-r12

BIT STRING (SIZE (1..maxNAICS-Entries-r12))

OPTIONAL,

commSupportedBandsPerBC-r12



BIT STRING (SIZE (1.. maxBands))

OPTIONAL,


non-SupportedBandCombinationFB-r13
SEQUENCE (SIZE (1..maxBandComb-r13)) OF BandCombinationParameters-r13,


supportedBandCombinationFB-Ext-r13
SEQUENCE (SIZE (1..maxBandComb-r13)) OF BandCombinationParametersFB-Ext-r13
}
BandCombinationParameters-r13 ::= SEQUENCE (SIZE (1..maxSimultaneousBands-r10)) OF BandParameters-r13
BandCombinationParametersFB-Ext-r13 ::=
SEQUENCE {


bandParameterList-r13


SEQUENCE (SIZE (1..maxSimultaneousBands-r10)) OF 




BandParameters-r11,


supportedBandwidthCombinationSet-r13
SupportedBandwidthCombinationSet-r10
OPTIONAL,


multipleTimingAdvance-r13

ENUMERATED {supported}




OPTIONAL,


simultaneousRx-Tx-r13


ENUMERATED {supported}




OPTIONAL,


bandInfoEUTRA-r13



BandInfoEUTRA,


dc-Support-r12




SEQUENCE {



asynchronous-r12



ENUMERATED {supported}


OPTIONAL,



supportedCellGrouping-r12

CHOICE {





threeEntries-r12



BIT STRING (SIZE(3)),





fourEntries-r12




BIT STRING (SIZE(7)),





fiveEntries-r12




BIT STRING (SIZE(15))



}















OPTIONAL


}
















OPTIONAL,

supportedNAICS-2CRS-AP-r12

BIT STRING (SIZE (1..maxNAICS-Entries-r12))

OPTIONAL,

commSupportedBandsPerBC-r12



BIT STRING (SIZE (1.. maxBands))

OPTIONAL
}
BandParameters-r11 ::= SEQUENCE {


bandEUTRA-r11




FreqBandIndicator-r11,


bandParametersUL-r11


BandParametersUL-r10




OPTIONAL,


bandParametersDL-r11


BandParametersDL-r10




OPTIONAL,


supportedCSI-Proc-r11


ENUMERATED {n1, n3, n4}




OPTIONAL

}

BandParameters-r13 ::= SEQUENCE {


bandEUTRA-r13




FreqBandIndicator-r11,


bandParametersUL-r13


BandParametersUL-r10




OPTIONAL,


bandParametersDL-r13


BandParametersDL-r10




OPTIONAL
}

BandParametersUL-r10 ::= SEQUENCE (SIZE (1..maxBandwidthClass-r10)) OF CA-MIMO-ParametersUL-r10

CA-MIMO-ParametersUL-r10 ::= SEQUENCE {


ca-BandwidthClassUL-r10



CA-BandwidthClass-r10,


supportedMIMO-CapabilityUL-r10

MIMO-CapabilityUL-r10



OPTIONAL

}

BandParametersDL-r10 ::= SEQUENCE (SIZE (1..maxBandwidthClass-r10)) OF CA-MIMO-ParametersDL-r10

CA-MIMO-ParametersDL-r10 ::= SEQUENCE {


ca-BandwidthClassDL-r10



CA-BandwidthClass-r10,


supportedMIMO-CapabilityDL-r10

MIMO-CapabilityDL-r10



OPTIONAL

}

CA-BandwidthClass-r10 ::= ENUMERATED {a, b, c, d, e, f, ...}

MIMO-CapabilityUL-r10 ::= ENUMERATED {twoLayers, fourLayers}

MIMO-CapabilityDL-r10 ::= ENUMERATED {twoLayers, fourLayers, eightLayers}

BandInfoEUTRA ::=




SEQUENCE {


interFreqBandList




InterFreqBandList,


interRAT-BandList




InterRAT-BandList

OPTIONAL

}

InterFreqBandList ::=



SEQUENCE (SIZE (1..maxBands)) OF InterFreqBandInfo

InterFreqBandInfo ::=



SEQUENCE {


interFreqNeedForGaps



BOOLEAN

}

InterRAT-BandList ::=



SEQUENCE (SIZE (1..maxBands)) OF InterRAT-BandInfo

InterRAT-BandInfo ::=



SEQUENCE {


interRAT-NeedForGaps



BOOLEAN

}

<< skip unchanged part >>
-- ASN1STOP

	UE-EUTRA-Capability field descriptions
	FDD/ TDD diff

	supportedBandCombination-r13

Includes the supported parent band combinations for the UE. The parent band combination is defined as a band combination whose supported number of CCs is the maximum number for both UL and DL among all the band combinations supported by the UE. The UE shall not include fallback combinations from the parent band combination, whose supported number of CCs is less than the parent band combination in UL and DL. By default, the eNB considers all the fallback combinations including Non-CA band combinations for a parent band combination supported unless it is indicated in the non-supportedBandCombinationFB. 
	

	BandCombinationParametersParent
Indicates the band combination parameters for a parent band combination defined as a band combination whose supported number of CCs is the maximum number for both UL and DL among the band combinations supported by the UE.
	

	non-SupportedBandCombinationFB
Includes the fallback band combinations of a parent band combination which are not supported by the UE. 
	

	supportedBandCombinationFB-Ext
Includes the fallback band combinations of a parent band combination supported by the UE whose band combination parameters are different from the parent band combination. If some fields are absent for a fallback band combination, these values are the same as the parent band combination.
	


5.6.3
UE capability transfer

5.6.3.1
General


[image: image1.emf] 
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Figure 5.6.3.1-1: UE capability transfer

The purpose of this procedure is to transfer UE radio access capability information from the UE to E-UTRAN.

If the UE has changed its E-UTRAN radio access capabilities, the UE shall request higher layers to initiate the necessary NAS procedures (see TS 23.401 [41]) that would result in the update of UE radio access capabilities using a new RRC connection.

NOTE:
Change of the UE's GERAN UE radio capabilities in RRC_IDLE is supported by use of Tracking Area Update.

5.6.3.2
Initiation

E-UTRAN initiates the procedure to a UE in RRC_CONNECTED when it needs (additional) UE radio access capability information.

5.6.3.3
Reception of the UECapabilityEnquiry by the UE

The UE shall:

1>
set the contents of UECapabilityInformation message as follows:
<< skip unchanged part >>
3>
else (UE supports single xDD mode):

4>
set all fields of UECapabilityInformation, except field fdd-Add-UE-EUTRA-Capabilities and tdd-Add-UE-EUTRA-Capabilities (including their sub-fields), to include the values applicable for the xDD mode supported by the UE;
3>
if the UECapabilityEnquiry message includes enhancedCAcapabilityRequest and the UE supports to form and include the suppotedBandCombination-r13 in UE-EUTRA-Capability:
4>
if the UECapabilityEnquiry message includes requestedFrequencyBands and UE supports requestedFrequencyBands:

5>
create a set of band combinations supported by the UE, only consisting of bands included in requestedFrequencyBands, and prioritized in the order of requestedFrequencyBands, (i.e. first include remaining band combinations containing the first-listed band, then include remaining band combinations containing the second-listed band, and so on), including non-CA combinations, target for being included in supportedBandCombination-r13:
-
include all CA band combinations whose supported number of CCs in the maximum number for both UL and DL among all the band combinations supported by the UE.

-
For each CA band combination to be included in supportedBandCombination-r13, if there are fallback band combinations not supported by the UE:

-
include the fallback band combinations in non-SupportedBandCombinationFB within supportedBandCombination-r13;

-
For each CA band combination to be included in supportedBandCombination-r13, if there are fallback band combinations supported by the UE, whose band combination parameters are different from the CA band combination:

-
include the fallback band combinations in supportedBandCombinationFB-Ext with the different band combination parameters within supportedBandCombination-r13;

4>
else:

5>
create a set of band combinations supported by the UE, including non-CA combinations, target for being included in supportedBandCombination-r13:
-
include all CA band combinations whose supported number of CCs in the maximum number for both UL and DL among all the band combinations supported by the UE.

-
For each CA band combination to be included in supportedBandCombination-r13, if there are fallback band combinations not supported by the UE:

-
include the fallback band combinations in non-SupportedBandCombinationFB within supportedBandCombination-r13;

-
For each CA band combination to be included in supportedBandCombination-r13, if there are fallback band combinations supported by the UE, whose band combination parameters are different from the CA band combination:

-
include the fallback band combinations in supportedBandCombinationFB-Ext with the different band combination parameters within supportedBandCombination-r13;
3> else:
4>
if the UECapabilityEnquiry message includes requestedFrequencyBands and UE supports requestedFrequencyBands:
<< skip unrelated part >>
–
UECapabilityEnquiry
The UECapabilityEnquiry message is used to request the transfer of UE radio access capabilities for E‑UTRA as well as for other RATs.

Signalling radio bearer: SRB1

RLC-SAP: AM

Logical channel: DCCH

Direction: E‑UTRAN to UE

UECapabilityEnquiry message
-- ASN1START

UECapabilityEnquiry ::=



SEQUENCE {


rrc-TransactionIdentifier


RRC-TransactionIdentifier,


criticalExtensions




CHOICE {



c1








CHOICE {




ueCapabilityEnquiry-r8



UECapabilityEnquiry-r8-IEs,




spare3 NULL, spare2 NULL, spare1 NULL



},



criticalExtensionsFuture


SEQUENCE {}


}

}

UECapabilityEnquiry-r8-IEs ::=

SEQUENCE {


ue-CapabilityRequest



UE-CapabilityRequest,


nonCriticalExtension



UECapabilityEnquiry-v8a0-IEs

OPTIONAL

}

UECapabilityEnquiry-v8a0-IEs ::= SEQUENCE {


lateNonCriticalExtension


OCTET STRING





OPTIONAL,


nonCriticalExtension



UECapabilityEnquiry-v1180-IEs






OPTIONAL

}

UECapabilityEnquiry-v1180-IEs ::= SEQUENCE {


requestedFrequencyBands-r11


SEQUENCE (SIZE (1..16)) OF FreqBandIndicator-r11






OPTIONAL,


nonCriticalExtension



SEQUENCE {}






OPTIONAL

}

UECapabilityEnquiry-v13xy-IEs ::= SEQUENCE {


enhancedCAcapabilityRequest-r13

BOOLEAN







OPTIONAL,


nonCriticalExtension



SEQUENCE {}






OPTIONAL

}

UE-CapabilityRequest ::=

SEQUENCE (SIZE (1..maxRAT-Capabilities)) OF RAT-Type

-- ASN1STOP

	UECapabilityEnquiry field descriptions

	ue-CapabilityRequest

List of the RATs for which the UE is requested to transfer the UE radio access capabilities i.e. E-UTRA, UTRA, GERAN-CS, GERAN-PS, CDMA2000.

	requestedFrequencyBands

List of frequency bands for which the UE is requested to provide supported CA band combinations and non CA bands.

	enhancedCAcapabilityRequest
Indicates that the UE if supported is requested to provide the supportedBandCombination-r13 instead of the supportedBandCombination-r10.
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