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1	Introduction
The Work Item “LTE Carrier Aggregation Enhancement beyond 5 Carriers” [RP-142286] was approved in RAN #66, with “specify and complete the support of PUCCH on SCell for UEs supporting uplink Carrier Aggregation” and “Specify necessary mechanisms to enable the LTE carrier aggregation of up to 32 component carriers for the DL and UL” as main the objectives. Configuration for more than 5 CCs and PUCCH on SCell is discussed in this paper with more details.
2	Discussion
Existing RRC signaling for carrier aggregation supports signalling of 4 SCells and as in the work item following objective was identified: 
0. Specify necessary mechanisms to enable the LTE carrier aggregation of up to 32 component carriers for the DL and UL, including:
It seems that in RAN2 we need to work how to enable configuring up to 32 CCs i.e. 31 SCells and one PCell.
Observation 1: RAN2 needs to enable configuring 1 PCell and up to 31 SCells
This means that one needs to enable SCellToAddModList and SCellToReleaseList to be enhanced to support configuring/releasing more SCells. In the below please find existing ASN.1 structure for these IEs:
SCellToAddModList-r10 ::=		SEQUENCE (SIZE (1..maxSCell-r10)) OF SCellToAddMod-r10

SCellToAddMod-r10 ::=			SEQUENCE {
	sCellIndex-r10						SCellIndex-r10,
	cellIdentification-r10				SEQUENCE {
		physCellId-r10						PhysCellId,
		dl-CarrierFreq-r10					ARFCN-ValueEUTRA
	}																OPTIONAL,	-- Cond SCellAdd
	radioResourceConfigCommonSCell-r10		RadioResourceConfigCommonSCell-r10	OPTIONAL,	-- Cond SCellAdd
	radioResourceConfigDedicatedSCell-r10	RadioResourceConfigDedicatedSCell-r10	OPTIONAL,	-- Cond SCellAdd2
	...,
	[[	dl-CarrierFreq-v1090				ARFCN-ValueEUTRA-v9e0	OPTIONAL	-- Cond EARFCN-max
	]]
}

SCellToReleaseList-r10 ::=			SEQUENCE (SIZE (1..maxSCell-r10)) OF SCellIndex-r10

And related variables and IEs:
maxSCell-r10				INTEGER ::= 4	-- Maximum number of SCells

[bookmark: _Toc398985211]–	SCellIndex
The IE SCellIndex concerns a short identity, used to identify an SCell.
SCellIndex information element
-- ASN1START

SCellIndex-r10 ::=						INTEGER (1..7)

-- ASN1STOP


One way to enable more than >5 CCs is to make new r13 instances of SCellToAddModList and SCellToReleaseList e.g. something like this:
SCellToAddModList-r13 ::=		SEQUENCE (SIZE (1..maxSCell-r13)) OF SCellToAddMod-r13

SCellToAddMod-r13 ::=			SEQUENCE {
	sCellIndex-r13						SCellIndex-r13,
	cellIdentification-r10				SEQUENCE {
		physCellId-r10						PhysCellId,
		dl-CarrierFreq-r10					ARFCN-ValueEUTRA
	}																OPTIONAL,	-- Cond SCellAdd
	radioResourceConfigCommonSCell-r10		RadioResourceConfigCommonSCell-r10	OPTIONAL,	-- Cond SCellAdd
	radioResourceConfigDedicatedSCell-r10	RadioResourceConfigDedicatedSCell-r10	OPTIONAL,	-- Cond SCellAdd2
	...,
	[[	dl-CarrierFreq-v1090				ARFCN-ValueEUTRA-v9e0	OPTIONAL	-- Cond EARFCN-max
	]]
}

SCellToReleaseList-r13 ::=			SEQUENCE (SIZE (1..maxScell-r13)) OF SCellIndex-r13

Appending to existing r10 structure does not seem viable option due to sCellIndex being able to only accommodate up to 7 CCs if we continue with principle that one instance of SCellToAddMod consists of one SCell configuration. 
2.1	SCellIndex in release 13
As can be seen SCellIndex supports already up to 8 serving cells. One alternative is to make r13 version to have values from 8..15 meaning that When NW wants to configure more than 7 SCells then network needs to use r13 version of SCellToAddModList in addition to r10 version. 
Another option is make SCellToAddModList in such a way that r13 network does not need to signal r10 part at all i.e. then SCellIndex r13 version would be just numbers from 1..31. 
As currently SCellIndex is used also in the MAC CEs (activation/deactivation) NW may want to prefer usage of lowest possible number of index number in order to avoid extending MAC CE unnecessarily, one needs to consider how does NW handle in signalling reassigning index numbers e.g. in case of changing between lots of SCells and just couple SCells so that index numbers are not wasted.
Proposal 1: Discuss whether it is useful to avoid non consequent SCellIndex usage in case of more than 5 CCs
Also moving between pre release 13 and release 13 networks may require some thoughts – But probably this is not something one needs to optimize and thus usage of full configuration at least can be always used. 
Proposal 2: Do not optimize configurations between different release networks
Additionally it seems quite likely that R13 will introduce new parameters also for RRC due to dual PUCCH and possibly due to >5 CCs as well – Thus whatever signalling structure is chosen then one needs to ensure that signaling additions can be done efficiently.
2.2	serving cell measurement reporting
In release 10 we also added reporting of serving cell possibility for measurement reporting:
MeasResultServFreqList-r10 ::=	SEQUENCE (SIZE (1..maxServCell-r10)) OF MeasResultServFreq-r10

MeasResultServFreq-r10 ::=			SEQUENCE {
	servFreqId-r10						ServCellIndex-r10,
	measResultSCell-r10					SEQUENCE {
		rsrpResultSCell-r10					RSRP-Range,
		rsrqResultSCell-r10					RSRQ-Range
	}															OPTIONAL,
	measResultBestNeighCell-r10			SEQUENCE {
		physCellId-r10						PhysCellId,
		rsrpResultNCell-r10					RSRP-Range,
		rsrqResultNCell-r10					RSRQ-Range
	}															OPTIONAL,
	...

}

One would need to also enhance this to allow reporting all possible 32 serving cells e.g. By adding new r13 results IE and then depending of ServCellIndex design presence of r13 and r10 versions need to be clarified:
MeasResultServFreqList-r13 ::=	SEQUENCE (SIZE (1..maxServCell-r13)) OF MeasResultServFreq-r13

MeasResultServFreq-r13 ::=			SEQUENCE {
	servFreqId-r13						ServCellIndex-r13,
	measResultSCell-r10					SEQUENCE {
		rsrpResultSCell-r10					RSRP-Range,
		rsrqResultSCell-r10					RSRQ-Range
	}															OPTIONAL,
	measResultBestNeighCell-r10			SEQUENCE {
		physCellId-r10						PhysCellId,
		rsrpResultNCell-r10					RSRP-Range,
		rsrqResultNCell-r10					RSRQ-Range
	}															OPTIONAL,
	...

}

2.3	PUCCH mapping configuration
For PUCCH mapping one needs to enhance RRC signalling procedures – we assume that unless anything new related to PUCCH mapping is signalled then serving cells belong to Primary PUCCH group. 
Proposal 3: Unless otherwise signalled SCells belong to Primary PUCCH group
But then how do we assign SCells with PUCCH and indicating to which PUCCH the signalling is done? 
Where to add PUCCH configuration?
Natural choice seems to be in the existing RadioResourceConfigCommonSCell-r10 and radioResourceConfigDedicatedSCell-r10 which do currently miss PUCCH configuration as SCells cannot in pre release 13 have PUCCH configuration. As most probably not all the SCells can have PUCCH there needs to be some sort of limitations for the network to only configure appropriate number of SCells with PUCCH. 
For secondary timing advance group in RRC we have introduced following type of structure:
STAG-ToReleaseList-r11 ::=	SEQUENCE (SIZE (1..maxSTAG-r11)) OF STAG-Id-r11

STAG-ToAddModList-r11 ::=	SEQUENCE (SIZE (1..maxSTAG-r11)) OF STAG-ToAddMod-r11

STAG-ToAddMod-r11 ::=		SEQUENCE {
	stag-Id-r11					STAG-Id-r11,
	timeAlignmentTimerSTAG-r11	TimeAlignmentTimer,
	...
}

STAG-Id-r11::=				INTEGER (1..maxSTAG-r11)

----------------unrelated parameters omitted ------------------------

MAC-MainConfigSCell-r11 ::=			SEQUENCE {
	stag-Id-r11							STAG-Id-r11		OPTIONAL,	-- Need OP
	...
}


----------------unrelated parameters omitted ------------------------

RadioResourceConfigDedicatedSCell-r10 ::=	SEQUENCE {
	-- UE specific configuration extensions applicable for an SCell
	physicalConfigDedicatedSCell-r10		PhysicalConfigDedicatedSCell-r10	OPTIONAL,	-- Need ON
	...,
	[[	mac-MainConfigSCell-r11			MAC-MainConfigSCell-r11			OPTIONAL	-- Cond SCellAdd
	]]
}



Similar type of signalling could be one alternative also for PUCCH grouping where for PUCCH group we configure also corresponding PUCCH parameters and add in the MAC-MainConfigSCell linkage to the PUCCH group. Also PUCCH addition may not fit so well to mac-MainConfig as currently PUCCH configuration (for PCell) is done in physicalConfigDedicated level. Thus it might be better to have directly on same level as sCellToAddModList or within physicalConfigDedicatedSCell.
Additionally one needs to consider how often and easy it should be to move PUCCH from SCell to another SCell? And also how would this affect grouping signalling.
Proposal 4: Discuss how to model multiple PUCCH in RRC i.e. on which level PUCCH config is signalled and where the grouping to correct PUCCH is done.

3	Signaling optimizations
[bookmark: _Hlk376339123]Since the goal of this work item is that in release 13, UE could be configured with up to 32 serving cells, it seems reasonable to consider how to ensure efficient signalling of such a configuration. There could be quite a massive amount of signalling if we continue configuring the carriers as done currently, so it would be worth considering whether there is room for signalling improvements. For example, some cells could end up having quite similar configuration characteristics so allowing use of common parts in configuration for multiple cells in order to avoid excessive signalling could make sense. Especially in case of LAA, cells of same eNB in consecutive band could likely have rather similar parameters, with the only difference being the operational frequency. Similar issues are also being studied currently in RAN3 in the context of small cell enhancements, see [RP-142283] and [3GPP TR 36.876].
Proposal 5: Since configuring each of 32 serving cells separately can mean massive amount of configuration, RAN2 should consider optimizations to RRC signalling to avoid excessive signalling load.
Another aspect is that would it be good to be able to configure more than 1 cell per carrier (as opposed to existing signalling where only the serving cell is configured) in order to decrease amount of signalling in case change of SCell(s) is needed frequently, and several neighbour cells have very similar configuration. Especially in scenarios where potential SCells have very small coverage this kind of optimizations could be useful.
Proposal 6: Consider signalling of more than 1 cell per carrier to be possibly used as serving cell. 
3	Conclusion
In this paper we discussed RRC modelling for multiple PUCCH and >5CCs and came to following observations and proposals:
Observation 1: RAN2 needs to enable configuring 1 PCell and up to 31 SCells
Proposal 1: Discuss whether it is useful to avoid non consequent SCellIndex usage in case of more than 5 CCs
Proposal 2: Do not optimize configurations between different release networks
Proposal 3: Unless otherwise signalled SCells belong to Primary PUCCH group
Proposal 4: Discuss how to model multiple PUCCH in RRC i.e. on which level PUCCH config is signalled and where the grouping to correct PUCCH is done.
Proposal 5: Configuring each of 32 serving cells separately could mean massive amount of configuration, thus it is proposed to consider optimizations to avoid excessive signalling.
Proposal 6: Consider signalling of more than 1 cell per carrier to be possibly used as serving cell. 


