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1. Introduction
This paper discusses how UE capabilities are defined for new features to be introduced under the Rel-13 WI on CA enhancements. The RAN1 inputs received recently are also taken into account [1, 2].
2. Discussion
According to all the RAN2 agreements up to the #91bis meeting and the recent RAN1 inputs, the following new features are supposed to be introduced.
Table 1:
New features to be introduced for Rel-13 CA enhancements
	Protocol layer
	Feature
	Notes

	RRC
	SCell Add/Mod/Release up to 32 CCs
	

	PDCP
	18 bits of PDCP SN
	

	RLC
	16 bits of RLC SN
	

	
	16 bits of RLC SO
	

	MAC
	16 bits of MAC Length field
	

	
	Extended PHR MAC CE
	

	
	Extended Activation/Deactivation MAC CE
	

	PHY
	PUCCH on SCell
	

	
	Cross carrier scheduling beyond 5 CCs
	With 3 bits CIF.

	
	HARQ-ACK codebook size
	The eNB can configure either (a) or (b) below to the UE based on its capability [1].

– Solution (a): DAI based solution is supported for dynamic HARQ-ACK codebook:

– Solution (b): An eCA UE determines HARQ-ACK codebook size according to the number of configured CCs (i.e. as in Rel-12)

	
	Max. number of CSI processes to be updated
	It is per UE and applicable across CCs [1].

	
	PUCCH format 4
	PUSCH-like new PUCCH format without CDM [1].

	
	PUCCH format 5
	New PUCCH format with CDM [1].

	
	Min. number of blind decodes
	Contains 32 values, each indicating the number of BDs supported in UE specific search spaces per subframe, given by {32*[5,…,32], 4 reserved values for future use} [2].


In parallel, RAN2 is working on developing an enhanced CA capability signalling using a new format under this WI. A CA band combination beyond 5CCs can be indicated by the new signalling format. In that sense, support of some new features could be bundled and indicated implicitly by the new CA band combination signalling. In contrast, some new features require the explicit indication of their support individually inside or outside the CA band combination as some are already indicated in the RAN1 inputs [1, 2]. Thus, this paper at first looks into the new features for which individual UE capability signalling is required.
With regards to extensions concerning protocol sequence number, segment offset and length field, such extensions can be regarded as generic and are not necessarily bundled with CA beyond 5CCs although they were motivated by introducing CA beyond 5 CCs. In that sense, UE capability signalling for these extensions can be defined individually as one of protocol parameters. It is noted that the UE capability of the similar extension in the legacy releases was already introduced as such.
With regards to physical layer related features in Table 1, HARQ-ACK codebook size, the maximum number of CSI process to be updated and the minimum number of blind decodes require an individual explicit indication per UE according to the RAN1 input [1].
With regards to PUCCH on SCell, this feature can be configured with CA up to 5 CCs as well as beyond 5 CCs. In that sense, an explicit indication makes sense. Whether support of PUCCH on SCell should be indicated inside or outside the CA band combination signalling depends on the RF dependency in CA. In accordance with the WI objective, UL CA capable UEs are prerequisite for supporting PUCCH on SCell. Nonetheless, the feature itself can be regarded as a baseband capability likewise simultaneous PUCCH-PUSCH. Given that one of the issues and motivations to consider the enhanced CA capability signalling is to decouple the CA related capability from the CA band combination signalling as much as possible unless it is closely in relation with the RF design. In that sense, it is more aligned with the direction of the enhanced CA capability if support of PUCCH on SCell can be indicated outside the CA band combination.
For the above radio protocol and physical layer related features, the following is proposed.

Proposal 1:
For the following features, an individual explicit capability signalling is introduced outside the CA band combination.
· 18 bits of PDCP SN as a PDCP parameter.

· 16 bits of RLC SN and SO as an RLC parameter (one capability including SN and SO extensions).

· 16 bits of MAC Length field as a MAC parameter.
As a Physical layer parameter:
· HARQ-ACK codebook size.

· Maximum number of CSI processes to be updated.

· Minimum number of blind decodes.
· PUCCH on SCell.
The remaining features to be investigated are as follows.
· RRC:
SCell Add/Mod/Release up to 32 CCs
· MAC:
Extended PHR MAC CE.

· MAC:
Extended Activation/Deactivation MAC CE.

· PHY:
Cross carrier scheduling beyond 5 CCs

· PHY:
PUCCH format 4/5.

With regards to the RRC signalling of SCell management up to 32 CCs, it is questionable if an individual explicit indication is required. In Rel-10 CA, the feature of SCell management was bundled with the CA band combination signalling. In that sense, the same approach can be considered. Namely, if the UE indicates support of a CA band combination beyond 5 CCs using a new format, it implies that the UE also supports the RRC signalling of SCell management up to 32 CCs. It could also be applied for both the extended MAC CEs. It is also noted that no individual explicit capability signalling was defined for Dual Connectivity PHR MAC CE in Rel-12. It was bundled with the dc-support capability signalling. Furthermore, PUCCH format 4/5 could also be bundled with the new capability signalling beyond 5 CCs. It is also noted that no individual explicit capability signalling was defined for PUCCH format 3 in Rel-10 which is used for CA more than 3 CCs. Support of PUCCH format 3 was also bundled with the CA band combination. Nevertheless, it should be confirmed by RAN1 if the same approach as PUCCH format 3 is acceptable or not since the need of UE capability is not described in [1]. With regards to cross carrier scheduling beyond 5 CCs, there exists a Rel-10 capability as a physical layer parameter. On condition that the Rel-10 capability is prerequisite, support beyond 5 CCs can be bundled with a CA band combination beyond 5 CCs using a new format. Therefore, the following is proposed.
Proposal 2:
For the following features, support is bundled with a CA band combination beyond 5 CCs using a new format.

· RRC:
SCell Add/Mod/Release up to 32 CCs.

· MAC:
Extended PHR MAC CE.

· MAC:
Extended Activation/Deactivation MAC CE.
· PHY:
Cross carrier scheduling beyond 5 CCs (Rel-10 capability is prerequisite).
· PHY:
PUCCH format 4/5 (to be confirmed by RAN1).
3. Summary and proposal
This paper discussed the signalling design of UE capabilities for new features to be introduced under the Rel-13 CA enhancement WI. In conclusion, the followings were proposed.
Proposal 1:
For the following features, an individual explicit capability signalling is introduced outside the CA band combination.

· 18 bits of PDCP SN as a PDCP parameter.

· 16 bits of RLC SN and SO as an RLC parameter (one capability including SN and SO extensions).

· 16 bits of MAC Length field as a MAC parameter.
As a Physical layer parameter:
· HARQ-ACK codebook size.

· Maximum number of CSI processes to be updated.

· Minimum number of blind decodes.
· PUCCH on SCell.
Proposal 2:
For the following features, support is bundled with a CA band combination beyond 5 CCs using a new format.

· RRC:
SCell Add/Mod/Release up to 32 CCs.

· MAC:
Extended PHR MAC CE.

· MAC:
Extended Activation/Deactivation MAC CE.
· PHY:
Cross carrier scheduling beyond 5 CCs (Rel-10 capability is prerequisite).

· PHY:
PUCCH format 4/5 (to be confirmed by RAN1).

An example of ASN.1 implementation on Proposal 1/2 is provided in the Annex section of this paper.
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Annex
Example of ASN.1 implementation

UE-EUTRA-Capability information element
-- ASN1START

<< skip unchanged part >>
UE-EUTRA-Capability-v1270-IEs ::= SEQUENCE {


rf-Parameters-v1270




RF-Parameters-v1270





OPTIONAL,


nonCriticalExtension



UE-EUTRA-Capability-v13x0-IEs







OPTIONAL
}

UE-EUTRA-Capability-v13x0-IEs ::= SEQUENCE {


mac-Parameters-v13x0



MAC-Parameters-v13x0




OPTIONAL,

pdcp-Parameters-v13x0



PDCP-Parameters-v13x0




OPTIONAL,

phyLayerParameters-v13x0


PhyLayerParameters-v13x0



OPTIONAL,

rf-Parameters-v13x0




RF-Parameters-v13x0





OPTIONAL,


rlc-Parameters-r12




RLC-Parameters-r12





OPTIONAL,

nonCriticalExtension



SEQUENCE {}







OPTIONAL
}

<< skip unchanged part >>
MAC-Parameters-v13x0 ::=



SEQUENCE {


extendedMAC-LengthField-r13



ENUMERATED {supported}
}

<< skip unchanged part >>
RLC-Parameters-v13x0 ::=



SEQUENCE {


extendedRLC-SN-SO-Field-r13



ENUMERATED {supported}
}

<< skip unchanged part >>
PDCP-Parameters-v13x0 ::=



SEQUENCE {


pdcp-SN-Extension-18bits-r13


ENUMERATED {supported}

}

<< skip unchanged part >>
PhyLayerParameters-v13x0 ::=


SEQUENCE {


codebook-HARQ-ACK-r13




BIT STRING (SIZE (2))



OPTIONAL,

maxNumberUpdatedCSI-Proc-r13


INTEGER(5..32
)




OPTIONAL,

minNumberBlindDecodes-r13




ENUMERATED {












bd5, bd6, bd7, bd8, bd9, bd10, bd11, bd12,













bd13, bd14, bd15, bd16, bd17, bd18, bd19, bd20,













bd21, bd22, bd23, bd24, bd25, bd26, bd27, bd28,













bd29, bd30, bd31, bd32, spare4, spare3,













spare2, spare1}



OPTIONAL,

pucchOnSCell-r13





ENUMERATED {supported}


OPTIONAL,
}

<< skip unchanged part >>
RF-Parameters-v13x0 ::=



SEQUENCE {


supportedBandCombination-r13


SupportedBandCombination-r13
}

<< skip unchanged part >>
SupportedBandCombination-r13 ::= SEQUENCE (SIZE (1..maxBandComb-r13)) OF BandCombinationParametersParent-r13 

<< skip unchanged part >>
BandCombinationParametersParent-r13 ::=
SEQUENCE {


bandParameterList-r13



SEQUENCE (SIZE (1..maxSimultaneousBands-r10)) OF BandParameters-r13,


supportedBandwidthCombinationSet-r13
SupportedBandwidthCombinationSet-r10
OPTIONAL,


multipleTimingAdvance-r11

ENUMERATED {supported}




OPTIONAL,


simultaneousRx-Tx-r11


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-SupportedBandCombinationFallback-r13
SEQUENCE (SIZE (1..maxSimultaneousBands-r10)) OF BandParameters-r13

OPTIONAL

}

<< skip unchanged part >>
BandParameters-r13 ::= SEQUENCE {


bandEUTRA-r11




FreqBandIndicator-r11,


bandParametersUL-r11


BandParametersUL-r10




OPTIONAL,


bandParametersDL-r13


BandParametersDL-r13




OPTIONAL,


supportedCSI-Proc-r11


ENUMERATED {n1, n3, n4}




OPTIONAL

}

<< skip unchanged part >>
BandParametersDL-r13 ::= SEQUENCE (SIZE (1..maxBandwidthClass-r10)) OF CA-MIMO-ParametersDL-r13
<< skip unchanged part >>
CA-MIMO-ParametersDL-r13 ::= SEQUENCE {


ca-BandwidthClassDL-r13



CA-BandwidthClass-r10,


supportedMIMO-CapabilityDL-r13

MIMO-CapabilityDL-r10



OPTIONAL,


fourLayerTM3-TM4-r10



ENUMERATED {supported}



OPTIONAL,


intraBandContiguousCC-InfoList-r13


SEQUENCE (SIZE (1..maxServCell-r10)) OF IntraBandContiguousCC-Info-r12
}
<< skip unchanged part >>
-- ASN1STOP

�Solution (a) and /or (b) is indicated.


�To be confirmed by RAN1.


�4 spare bits according to R2-156046.


�If it consists of beyond 5 CCs, the features listed by Proposal 2 are supported.
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