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1. Introduction

In RAN2#69bis meeting, the following status had been made on this topic and no conclusion was made in that meeting but is postponed to this meeting to decide on the way forward: 
	Agreements:

In principle 4 options:

RACH

KeNB change

(+re-establishment of L2)

Comment

1. 

Yes

Yes

Already agreed

2

Yes

No

Needed ?: Explicitly limit to change of PCC within CCset ? (at least one cell remains in the CCset before and after reconfiguration) ?

3

No

Yes

Needed ?

4

No

No

Needed ? Explicitly limit to change of PCC within CCset (at least one cell remains in the CCset before and after reconfiguration) ?

1) If we have an additional approach for DL PCC change (additional to approach 1), it would be either approach 2 or 4 above. 

2) Will take final decision in RAN2#71, not revisit before (relatively stand-alone issue).

3)  Remove "special cell concept": when security changes security input is taken from target PCC cell

4) If DL PCC changes, also UL PCC change (according to SIB2 linking)


Main questions here are:
· Whether PCell change requires synchronisation point for PUCCH reconfiguration and SPS configuration? I.e. is RACH required for PCell change? 
· How often is PCell Change? Best cell vs good enough cell
· Any additional complexity with PCell change via reconfiguration to via handover? I.e. how to perform PCell change using reconfiguration procedure
In this contribution, the above questions are analysed and the conclusion is that PCell change should also be performed via reconfiguration procedure.
2. Discussion
2.1 Whether PCell change requires synchronisation point?
It was agreed in RAN2#70 that the reconfiguration of common information (e.g. radioResourceConfigCommon) of PCell will be based on paging and system information broadcast while the reconfiguration of dedicated information (i.e. radioResourceConfigDedicated) will be done via RRC Connection Reconfiguration as in Rel8/9. With PCell change, the new PCell may be from the existing SCell or from a non-configured Cell. If PCell change is performed via handover procedure, the essential common information from the PCell SIB will be sent via the RRC Connection Reconfiguration message.  On the other hand, with normal reconfiguration procedure, the essential common information from the PCell SIB may have to be included outside of the mobilityControlInfo IE. 
However this does not mean that a synchronisation point is needed. Rather, it just means that extra IEs are probably needed to include the essential common information for the new PCell in the reconfiguration procedure. Like in any reconfiguration related to L1/L2 configurations, there is always an uncertain period where new and old configuration exist for the eNB and the eNB will have to apply both new and old configurations during this period. In the following, we look at the 2 configurations, both of them related to the PCell:
· PUCCH configuration

· SPS configuration

2.1.2 PUCCH configuration

During PCell change, the UE will have to reconfigure the PUCCH configuration from the old PCell to the new PCell. The UE may request for uplink grant via Scheduling Request (SR) during the transient period and SR is sent on the old PCell rather than the new PCell. However, this does not give any ambiguity as long as the eNB expects PUCCH transmissions to be coming from either the UL CC of the old PCell or the new PCell during this uncertain period. The uncertain period is between the time when the RRCConnectionReconfiguration message is sent to the time when the RRCConnectionReconfigurationComplete message is received by the eNB.
Likewise, for the UCI (i.e. CQI, PMI, RI and ACK/NACK) on PUCCH, as long as the eNB expects that the UCI can either from the PUCCH resource of the old PCell or new PCell, there will not be any ambiguity to the information of the DL CC that they are intended for.
Then there are all the constraints that RAN 1 have imposed on the UCI on the PUSCH as follows:

· In case of transmissions on one or multiple PUSCHs and no PUSCH transmission on PCC:

· Then any UCI on PUSCH is carried on one PUSCH on SCC

· If simultaneous PUCCH + PUSCH is not configured and there is at least one PUSCH transmission, all UCI shall be piggybacked on a PUSCH

· If simultaneous PUCCH+PUSCH is configured and there is at least one PUSCH transmission

· UCI can be transmitted on either PUCCH or PUSCH with a dependency on the situation that needs to be further discussed

· All UCI mapped onto PUSCH in a given subframe gets mapped onto a single CC irrespective of the number of PUSCH CCs

· Whether part of UCI gets mapped onto PUCCH and part of UCI gets mapped on to PUSCH in same or different CCs needs to be discussed

· In all other cases, if the UE has a PUSCH transmission on PCC, then any UCI on PUSCH is carried on PCC.

During the uncertain period, as long as the eNB expects all the possible PUSCHs that the UCI may be sent by the UE during this transient period, then there is no ambiguity to the eNB and no synchronisation point is essential.
If eNB implementation is unable to handle these uncertainties, then eNB can always resort to the handover procedure which is already agreed in RAN 2.

Observation#1: It is not essential to have a synchronisation point at least for PUCCH configuration change during PCell change with reconfiguration procedure.
In our view, this observation can be extended to any L1 reconfiguration (e.g. DL CC PDCCH change due to PCell change etc.) as long as the eNB can handle the ambiguity, albeit with some wastage of L1 resources during the transition.
Observation#2: It is not essential to have a synchronisation point for all L1 reconfiguration during PCell change with reconfiguration procedure.

2.1.3 SPS configuration 
It has been agreed that UL/DL SPS configuration shall only be configured for PCell and the UL/DL SPS grant can only be overridden by a dynamic UL/DL grant for the PCell. Hence when PCell change is performed via reconfiguration procedure, there may be ambiguity to the eNB on the UL transmission during the uncertain period (i.e. the eNB may receive UL transmission from a SCell (i.e. old PCell)).  In this case, the eNB may have to expect UL transmission from the old PCell even when no UL grant has been configured for it. Alternatively, the eNB can leave it to HARQ retransmission to sort out the problem by itself.  Another way is to stop SPS grant configuration when PCell is to be changed and based it on dynamic grant until the PCell change is completed. Hence again, we see no issue with SPS configuration during PCell change performed with reconfiguration procedure.
Observation#3: It is not essential to have a synchronisation point for SPS configuration during PCell change with reconfiguration procedure.

Furthermore, other possible L2 signalling/configuration mismatches (e.g. activation/deactivation status etc.) are also analysed in other contributions [1,2] and again they show that the mismatch with reconfiguration procedure  either can be avoided or is insignificant.
2.2 How often is PCell Change?
If PCell change is very frequent, then it is essential that PCell change is optimised.  This is closely related to the operator policy of whether the PCell is the best cell or just good enough cell.  In our view, PCell just needs to be a good enough cell so that it does not trigger UL/DL radio link failure.  
2.2.1 Deployment scenarios 1 to 5 in TS36.300

Looking at the prioritised scenarios 1 to 5 in TS36.300 [3]:
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       Scenario 1

   Scenario 2
          Scenario 3
       Scenario 4

       Scenario 5

Scenario 1 & 2 & 5: There is always a PCell (either in F1 or F2); PCell will only change during an eNB or inter-cell handover

Scenario 3: PCell change may be more frequent if the UE is moving round the eNB.  This case may be quite rare.
Scenario 4: PCell change may be more frequent if the UE is moving in and out of the remote head cell at the macro cell edge. Again this case may be quite rare.
Hence, from the above simple observation, it can be concluded PCell change is quite infrequent based on the prioritised scenarios. However, this conclusion may not be true for HetNet scenario which is discussed in the next section.
2.2.2 HetNet scenario


[image: image6.emf] 

Macro

Pico

f

1

f

2

f

1

f

2

f

1

f

2

f

1

f

2

Macro UE

• Control signaling on f

1

• Data on f

1

and/or f

2

Pico UE

• Control signaling on f

2

• Data on f

1

and/or f

2

Macro UE

• Control signaling on f

1

and/or f

2

• Data on f

1

and/or f

2


In the example Hetnet scenario with 2 CA cells on the Pico and Macro as above from TR35.814 [4], a macro cell UE getting closed to a Pico cell should receive control channels from a different layer to the control channels of the Pico cells. This reduces interference to the control signalling as part of the interference coordination of the control channels between the Pico and Macro cells. As Pico cells are distributed all over the macro cell, it is likely that this will happen quite frequently. Furthermore, depending on the speed and path of UE, it may require a much faster PCell change. Hence, in the HetNet case, there is a need to optimise on the PCell change.
Observation#4: PCell change is quite infrequent based on the prioritised scenarios 1 to 5 in TS36.300, but can be frequent in Hetnet scenario.
In view that PCell change does not require RACH as synchronisation point and HetNet requires frequent PCell change, it is proposed that:

Proposal#1: PCell change via reconfiguration procedure should also be supported in the specifications.
2.3 Additional complexity with PCell change via reconfiguration to via handover procedure
As mentioned in Section 2.1, the complexity from the specs perspective is that when PCell change is performed via reconfiguration procedure, some of the essential common information may also need to be provided as part of the reconfiguration procedure as well. This is particularly true if the new PCell is from a non-configured cell. However, because the common information is in mobilityControlInfo IE, it needs to be replicated outside the IE or an IE is added to the mobilityControlInfo IE to indicate whether to perform HO procedure. The latter may seem to break the rule that handover will always perform RACH since the condition on mobilityControlInfo IE is just for handover. Alternatively, it is to have the UE reads the SIBs of the new PCell for the common information.  However, this may cause unnecessary delay. Hence we think the cleanest way is to replicate the common information outside of the mobilityControlInfo IE if PCell change is performed via reconfiguration procedure. The proposed structure is shown in Annex A. 
Proposal#2: Replicate the common information radioResourceConfigCommmon IE for PCell in the same extension as for the SCell configuration as shown in Annex A. 

3. Conclusion

It seems like there is no problem optimising the PCell change to be performed via the following observations and there is a need to optimise PCell change for HetNet scenario:

Observation#1: It is not essential to have a synchronisation point at least for PUCCH configuration change during PCell change with reconfiguration procedure.

Observation#2: It is not essential to have a synchronisation point for all L1 reconfiguration during PCell change with reconfiguration procedure.

Observation#3: It is not essential to have a synchronisation point for SPS configuration during PCell change with reconfiguration procedure.

Observation#4: PCell change is quite infrequent based on the prioritised scenarios 1 to 5 in TS36.300, but can be frequent in Hetnet scenario.
Hence it is proposed that:
Proposal#1: PCell change via reconfiguration procedure should also be supported in the specifications.

Proposal#2: Replicate the common information radioResourceConfigCommmon IE for PCell in the same extension as for the SCell configuration as shown in Annex A.
Annex A: Based on the draft RRC CR on CA.
The changes are highlighted yellow.

RRCConnectionReconfiguration message
-- ASN1START

RRCConnectionReconfiguration ::=
SEQUENCE {


rrc-TransactionIdentifier


RRC-TransactionIdentifier,


criticalExtensions




CHOICE {



c1








CHOICE{




rrcConnectionReconfiguration-r8

RRCConnectionReconfiguration-r8-IEs,




spare7 NULL,




spare6 NULL, spare5 NULL, spare4 NULL,




spare3 NULL, spare2 NULL, spare1 NULL



},



criticalExtensionsFuture


SEQUENCE {}


}

}

RRCConnectionReconfiguration-r8-IEs ::= SEQUENCE {


measConfig






MeasConfig





OPTIONAL,
-- Need ON


mobilityControlInfo




MobilityControlInfo



OPTIONAL,
-- Cond HO


dedicatedInfoNASList



SEQUENCE (SIZE(1..maxDRB)) OF












DedicatedInfoNAS


OPTIONAL,
-- Cond nonHO


radioResourceConfigDedicated

RadioResourceConfigDedicated
OPTIONAL, -- Cond HO-toEUTRA


securityConfigHO




SecurityConfigHO



OPTIONAL,
-- Cond HO


nonCriticalExtension



RRCConnectionReconfiguration-v890-IEs
OPTIONAL

}

RRCConnectionReconfiguration-v890-IEs ::= SEQUENCE {


lateR8NonCriticalExtension


OCTET STRING




OPTIONAL,
-- Need OP


nonCriticalExtension


RRCConnectionReconfiguration-v920-IEs

OPTIONAL

}

RRCConnectionReconfiguration-v920-IEs ::= SEQUENCE {


otherConfig-r9





OtherConfig-r9




OPTIONAL,
-- Need ON


fullConfig-r9





ENUMERATED {true}



OPTIONAL, 
-- Cond HO-Reestab


nonCriticalExtension



RRCConnectionReconfiguration-v10xy-IEs
OPTIONAL
-- Need OP

}

RRCConnectionReconfiguration-v10xy-IEs ::= SEQUENCE {

priCellInfoforReconfig-r10


radioResourceConfigCommmon
OPTIONAL,
-- Cond PCell-reconfig

secCellToReleaseList-r10


SecCellToReleaseList-r10
OPTIONAL, 
-- Need ON


secCellToAddModList-r10



SecCellToAddModList-r10

OPTIONAL, 
-- Cond HO-toEUTRA


...,

}

SecCellToAddModList-r10 ::=

SEQUENCE (SIZE (1..maxSecCell-r10)) OF SecCellToAddMod-r10
SecCellToAddMod-r10 ::=


SEQUENCE {


secCellIndex-r10




ServCellIndex-r10,


cellIdentification




SEQUENCE {


-- FFS what to specify here and what within the common information



physCellId-r10





PhysCellId,



dl-CarrierFreq





ARFCN-ValueEUTRA

}
















OPTIONAL,
-- Need FFS

radioResourceConfigCommon-r10

RadioResourceConfigCommonSecCell-r10
OPTIONAL,
-- Need FFS

-- dedicated parameters

radioResourceConfigDedicated-r10
RadioResourceConfigDedicatedSecCell-r10
OPTIONAL,
-- Need FFS

...

}
SecCell-ToReleaseList-r10 ::=


SEQUENCE (SIZE (1..maxSCell)) OF CellIndex-r10
SecurityConfigHO ::=



SEQUENCE {


handoverType





CHOICE {



intraLTE






SEQUENCE {




securityAlgorithmConfig



SecurityAlgorithmConfig

OPTIONAL,
-- Cond fullConfig




keyChangeIndicator




BOOLEAN,




nextHopChainingCount



NextHopChainingCount



},



interRAT






SEQUENCE {




securityAlgorithmConfig



SecurityAlgorithmConfig,




nas-SecurityParamToEUTRA


OCTET STRING (SIZE(6))



}


},


...

}

-- ASN1STOP

	RRCConnectionReconfiguration field descriptions

	dedicatedInfoNASList

This field is used to transfer UE specific NAS layer information between the network and the UE. The RRC layer is transparent for each PDU in the list.

	nas-securityParamToEUTRA

This field is used to transfer UE specific NAS layer information between the network and the UE. The RRC layer is transparent for this field, although it affects activation of AS- security after inter-RAT handover to E-UTRA. The content is defined in TS 24.301.

	keyChangeIndicator

‘true’ is used only in an intra-cell handover when a KeNB key is derived from a native KASME key taken into use through the successful NAS SMC, as described in TS 33.401 [32] for KeNB re-keying. ’false’ is used in an intra-LTE handover when the new KeNB key is obtained from the current KeNB key or from the NH as described in TS 33.401 [32].

	nextHopChainingCount

Parameter NCC: See TS 33.401 [32]

	fullConfig

Indicates the full configuration option is applicable for the RRC Connection Reconfiguration message.


	Conditional presence
	Explanation

	HO
	The field is mandatory present in case of handover within E-UTRA or to E-UTRA; otherwise the field is not present.

	nonHO
	The field is not present in case of handover within E-UTRA or to E-UTRA; otherwise it is optional present, need ON.

	HO-toEUTRA
	The field is mandatory present in case of handover to E-UTRA or for reconfigurations when fullConfig is included; otherwise the field is optionally present, need ON.

	HO-Reestab
	This field is optionally present, need ON, in case of handover within E-UTRA or upon the first reconfiguration after RRC connection re-establishment; otherwise the field is not present.

	fullConfig
	This field is mandatory present for handover within E-UTRA when the fullConfig is included; otherwise it is optionally present, Need OP. 

	PCell-reconfig
	This field is mandatory present in case of PCell change with reconfiguration; otherwise the field is not present.
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