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1
Introduction
SA2 approved combination of PS mobility with CS fallback(CSFB) in [1] for release-9. When performing CSFB to 1xRTT, there was no interaction with HRPD so far. But [1] introduced the possibility to have concurrent mobility from LTE to both HRPD and 1xRTT. This contribution investigates what kinds of RAN2 mobility procedures are needed to support the SA2 decision. Also this contribution proposes required specification changes.
2
Discussion
When performing CSFB to 1xRTT, there was no interaction with HRPD so far even though the components of PS handover to HRPD have been defined in release-8 TS 23.402. To remove this restriction and allow the the same capabilities to CDMA2000 system, SA2 approved combination of PS mobility with CSFB in [1] for release-9. The approved procedure for mobile originated CS fallback to 1xRTT is captured in the next page for an example.

In the following figure, step 1 to step 5 are normal MO CSFB procedures initiating redirection to the target 1xRTT. When the eNB redirects the UE to 1xRTT at step 6, the UE switches its RF to the target 1xRTT to start channel setup, and stops monitoring LTE. Therefore, message exchange over LTE air interface may not be possible after step 6. This means that the eNB should trigger PS mobility (redirection or handover) together with CSFB at step 6 using one RRC message. (Note that the UE is supposed to be able to communicate with 1xRTT and HRPD simultaneously, but not with LET and 1xRTT at the same time. This may require dual 1xRTT/HRPD transiver.)
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As described above, RAN2 needs to combine a trigger for PS mobility with a trigger for CSFB in one RRC message to support CS/PS concurrent mobility. Release-8 RRC supports the following messages as the trigger for PS mobility to HRPD:

A) Redirection of the UE from LTE to HRPD ( RRCConnectionRelease message with redirection
B) Handover from LTE to HRPD ( MobilityFromEUTRACommand message

Also RRCConnectionRelease message with redirection is used as the trigger for CSFB to 1xRTT:

C) CSFB from LTE to 1xRTT ( RRCConnectionRelease message with redirection
As a combination of the above case A), B) and C), either RRCConnectionRelease message or MobilityFromEUTRACommand message can be chosen as a trigger for concurrent mobility. Each message can be used as follows considering the UE’s connection state and existence of pre-registraion: (Note that only MO scenario is shown in the table because MT scenario is almost identical to the MO case in the mobility perspective.)
	MO/MT
	UE status 
	W/ or W/O PS HO to HRPD
	Expected behavior

	MO call
	UE in idle 


	without PS-domain mobility (i.e., PS service is suspended in EUTRA)
	Redirection to 1xRTT using RRC connection release

	
	
	with PS-domain mobility to HRPD
	Without HRPD pre-registration (i.e., non-optimized HO)
	Concurrent redirection to 1xRTT and HRPD in one RRC connection release message

	
	
	
	With HRPD pre-registration (i.e., optimized idle HO)
	Concurrent redirection to 1xRTT and HRPD in one RRC connection release message

	
	UE in active

	without PS-domain mobility
	Redirection to 1xRTT with RRC connection release

	
	
	With PS-domain mobility to HRPD
	With HRPD pre-registration (i.e., optimized idle HO)
	Issue 1: This case needs to be supported using “redirection to 1xRTT and handover to HRPD”?
Issue 2: Concurrent handover to 1xRTT and HRPD may need to be supported. (see more explanation below) This can be achieved by extending Mobility from E-UTRA command message.

	
	
	
	Without HRPD pre-registration (i.e., non-optimized HO)
	Issue 3: Non-optimized PS HO can be used without supporting layer-2 service continuity? i.e., The UE might be redirected and set up a new PS session(but could be same IP address and L3 context used in EUTRA) in HRPD network after redirection. In RAN2, “Concurrent redirection to 1xRTT and HRPD in one RRC connection release message” can be used.

	
	
	
	
	Issue 3-2: Let the UE performs pre-registration and triggers the optimized active HO?


The table above shows that if there was no active LTE data session (i.e., PS handover is not needed) or if eNB does not trigger PS handover, the concurrent mobility can be supported by modifying RRCConnectionRelease message. I.e., CS and PS-domain can be redirected to 1xRTT and HRPD at the same time using RRCConnectionRelease with redirection.
Proposal 1: Introduce concurrent redirection functionality as an extension of the RRCConnectionRelease message.

In addition to the concurrent redirection functionality, following open issues should be addressed for completeness:

Issue 1: RAN2 should discuss if combination of redirection to 1xRTT and handover to HRPD is needed. If CSFB with redirection and PS handover are supported at the same time, the redirection functionality needs to be added to MobilityFromEUTACommand message. Multiplexing mobility procedures with different characteristics such as redirection and hadover may require complex error handling. Note that the redirection does not assume redirection failure, but handover should consider recovery from the failure case. For example, a recovery procedure when the PS handover fails but CS redirection succeeds needs to be defined somewhere.
Proposal 2: Do not introduce combination of PS handover and CS redirection
Issue 2: A proposal to support CSFB in a form of SRVCC is being discussed in SA2 now. If the CSFB is supported using handover procedure (i.e., SRVCC), the PS handover to HRPD can also be supported in one MobilityFromEUTRACommand message. But this depends on SA2 decision.
Issue 3: It is possible that there is no pre-registered HRPD session when the CSFB has triggered. In this case, continuous PS service may not be supported because no layer 2/3 context was setup in the HRPD network as part of pre-registration procedure. We can support PS mobility either by performing HRPD pre-registration before triggering CSFB or simply redirecting PS to HRPD without support for layer-2 continuity.
The field data shows that the pre-registration (i.e., Authentication and L2/L3 context setup) over HRPD air interface usually takes more than 3 seconds. This additional time may increase CSFB call set up delay. Considering that the current delay of CSFB to 1xRTT is already quite big, the scenario initiating HRPD pre-registration before CSFB might be un-acceptable to the users.
Proposal 3: Redirect the UE to HRPD regardless of UE’s connection status if pre-registered has not performed before.

3
Text Proposals
	Start of the first modified section


–
RRCConnectionRelease
The RRCConnectionRelease message is used to command the release of an RRC connection.

Signalling radio bearer: SRB1

RLC-SAP: AM

Logical channel: DCCH

Direction: E‑UTRAN to UE

RRCConnectionRelease message
-- ASN1START

RRCConnectionRelease ::=


SEQUENCE {


rrc-TransactionIdentifier


RRC-TransactionIdentifier,


criticalExtensions




CHOICE {



c1








CHOICE {




rrcConnectionRelease-r8



RRCConnectionRelease-r8-IEs,



spare3 NULL, spare2 NULL, spare1 NULL



},



criticalExtensionsFuture


SEQUENCE {}


}

}

RRCConnectionRelease-r8-IEs ::=

SEQUENCE {


releaseCause





ReleaseCause,


redirectedCarrierInfo



RedirectedCarrierInfo



OPTIONAL,
-- Need ON


idleModeMobilityControlInfo


IdleModeMobilityControlInfo


OPTIONAL,
-- Need OP


nonCriticalExtension



RRCConnectionRelease-v9x0-IEs
OPTIONAL
-- Need OP

}

RRCConnectionRelease-v9x0-IEs ::=
SEQUENCE {

v9x0NonCricticalExtensions


SEQUENCE {



redirectedHRPDCarrier



CarrierFreqCDMA2000


OPTIONAL
-- Cond Conc


}


nonCriticalExtensions


SEQUENCE {}






OPTIONAL
-- Need OP

}

ReleaseCause ::=



ENUMERATED {loadBalancingTAUrequired,












other,spare2, spare1 }

RedirectedCarrierInfo ::=


CHOICE {


eutra







ARFCN-ValueEUTRA,


geran







CarrierFreqsGERAN,


utra-FDD






ARFCN-ValueUTRA,


utra-TDD






ARFCN-ValueUTRA,


cdma2000-HRPD





CarrierFreqCDMA2000,


cdma2000-1xRTT





CarrierFreqCDMA2000,


...

}

IdleModeMobilityControlInfo ::=

SEQUENCE {


freqPriorityListEUTRA



FreqPriorityListEUTRA


OPTIONAL,

-- Need ON


freqPriorityListGERAN



FreqsPriorityListGERAN


OPTIONAL,

-- Need ON


freqPriorityListUTRA-FDD


FreqPriorityListUTRA-FDD

OPTIONAL,

-- Need ON


freqPriorityListUTRA-TDD


FreqPriorityListUTRA-TDD

OPTIONAL,

-- Need ON

bandClassPriorityListHRPD


BandClassPriorityListHRPD

OPTIONAL,

-- Need ON


bandClassPriorityList1XRTT


BandClassPriorityList1XRTT

OPTIONAL,

-- Need ON


t320







ENUMERATED {












min5, min10, min20, min30, min60, min120, min180,












spare1}





OPTIONAL,

-- Need OR


...

}

FreqPriorityListEUTRA ::=


SEQUENCE (SIZE (1..maxFreq)) OF FreqPriorityEUTRA

FreqPriorityEUTRA ::=



SEQUENCE {


carrierFreq






ARFCN-ValueEUTRA,


cellReselectionPriority



CellReselectionPriority

}

FreqsPriorityListGERAN ::=


SEQUENCE (SIZE (1..maxGNFG)) OF FreqsPriorityGERAN

FreqsPriorityGERAN ::=



SEQUENCE {


carrierFreqs





CarrierFreqsGERAN,


cellReselectionPriority



CellReselectionPriority

}

FreqPriorityListUTRA-FDD ::=

SEQUENCE (SIZE (1..maxUTRA-FDD-Carrier)) OF FreqPriorityUTRA-FDD

FreqPriorityUTRA-FDD ::=


SEQUENCE {


carrierFreq






ARFCN-ValueUTRA,


cellReselectionPriority



CellReselectionPriority

}

FreqPriorityListUTRA-TDD ::=

SEQUENCE (SIZE (1..maxUTRA-TDD-Carrier)) OF FreqPriorityUTRA-TDD

FreqPriorityUTRA-TDD ::=


SEQUENCE {


carrierFreq






ARFCN-ValueUTRA,


cellReselectionPriority



CellReselectionPriority

}
BandClassPriorityListHRPD ::=

SEQUENCE (SIZE (1..maxCDMA-BandClass)) OF BandClassPriorityHRPD 

BandClassPriorityHRPD ::=


SEQUENCE {


bandClass






BandclassCDMA2000,


cellReselectionPriority



CellReselectionPriority

}

BandClassPriorityList1XRTT ::=
SEQUENCE (SIZE (1..maxCDMA-BandClass)) OF BandClassPriority1XRTT 

BandClassPriority1XRTT ::=

SEQUENCE {


bandClass






BandclassCDMA2000,


cellReselectionPriority



CellReselectionPriority

}

-- ASN1STOP

	RRCConnectionRelease field descriptions

	releaseCause

The releaseCause is used to indicate the reason for releasing the RRC Connection.

	redirectedCarrierInfo

The redirectedCarrierInfo indicates a carrier frequency (downlink for FDD) and is used to redirect the UE to another E‑UTRA or an inter-RAT carrier frequency, by means of the cell selection upon leaving RRC_CONNECTED as specified in TS 36.304 [4].

	idleModeMobilityControlInfo

Provides dedicated cell reselection priorities. Used for cell reselection as specified in TS 36.304 [4].

	freqPriorityListX

Provides a cell reselection priority for each frequency, by means of separate lists for each RAT (including E-UTRA).

	carrierFreq or bandClass

The carrier frequency (UTRA and E-UTRA) and band class (HRPD and 1xRTT) for which the associated cellReselectionPriority is applied.

	t320

Timer T320 as described in section 7.3. Value minN corresponds to N minutes.

	carrierFreqs

The list of GERAN carrier frequencies organised into one group of GERAN carrier frequencies.


	Conditional presence
	Explanation

	Conc
	The field is present if the redirectedCarrierInfo includes cdma2000-1xRTT carrier information, and this message triggers concurrent PS redirection to HRPD; otherwise the field is not present


4
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