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Discussion and decision
1.  Introduction
CS fallback (CSFB) was discussed at previous RAN2 meetings and by email prior to RAN2 #62 [1]. The concrete procedures for CSFB seem to be yet unclear. This paper looks into the detailed procedures for CSFB and proposes Stage 3 updates for TS 36.331.
2. SA2 status and implication to RAN2
The basic principles for CSFB have been discussed by SA2 and have been summarised in TS 23.272 [2]. By comprehending TS 23.272, the following procedures can be assumed for CSFB in different scenarios. Note that for the S1-AP messages, the message names as well as the detailed procedures are FFS in RAN3 and SA2.
2.1
CSFB from RRC_CONNECTED using PS HO

This procedure is shown in Fig.1. Remarks of this procedure are listed below:

· In case of an MT call, the DL NAS DT is used to deliver the NAS CS Paging message. This message includes the CN domain indicator and the optional Caller Line Identification (Step 0);

· The UL NAS DT is used to deliver the NAS Service Request, which includes the CSFB indicator. The message also includes an indication whether the UE has accepted or rejected the procedure (Step 1);

· The S1 Initial UE Context Setup indicates CSFB to the eNB, so that the eNB can take appropriate actions for CSFB (Step 2);
· PS HO is triggered after optional UE measurement solicitation. The MobilityFromEUTRACommand is used to trigger the PS HO. The message should indicate CSFB so that the UE is aware to send a CM Service Request after the PS HO (Step 9).

This procedure has the following implication to RAN2:
· The CSFB indicator should be included in the message used for PS HO (MobilityFromEUTRACommand) (Step 9).


[image: image1.emf]UE eNB MME RNC/BSS MSC

2. S1 Initial UE Context Setup

(CSFB)

1. NAS DT: Service Request (CSFB)

9. RRC Mobility from EUTRA

(PS HO, CSFB)

0. NAS DT: CS Paging

Paging

Paging

MT call

SGSN

6. Relocation Required

8. Relocation Ack

7. Relocation Preparation

11. HO Complete

U-plane

12. CS bearer establishment procedure

10. S1 Release

3. RRC Reconfiguration

(Measurement Config)

4. RRC Reconfig Complete

5. RRC Measurement Report


Fig.1  CSFB from RRC_CONNECTED using PS HO.

2.2
CSFB from RRC_CONNECTED using CCO
This procedure is shown in Fig.2, which is similar to Fig.1 except that the inter-RAT execution is based on CCO. Remarks of this procedure are listed below:

· CCO is triggered after optional UE measurement solicitation. The MobilityFromEUTRACommand is used to trigger the CCO. The message should indicate CSFB so that the UE is aware to send a CM Service Request after the CCO (Step 6);

· If the CCO is with NACC, the UE does not have to read the system information from the target cell (Step 11);

· The EPS bearers for the UE are suspended at S-GW so that S-GW does not send the DL data notification to the MME when a new DL packet arrives (Steps 8-9);
· The UE should perform LAU and/or RAU if necessary (Step 12).
This procedure has the following implications to RAN2:

· The CSFB indicator should be included in the message used for CCO (MobilityFromEUTRACommand) (Step 6);
This procedure has the following open issue in RAN2:

· Whether the CCO (MobilityFromEUTRACommand) indicates the target cell or just the RAT/ frequency;
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Fig.4  CSFB from RRC_CONNECTED using CCO.
2.3
CSFB from RRC_IDLE using PS HO
This procedure is shown in Fig.3. Remarks of this procedure are listed below:

· In case of an MT call, a paging message is sent, which indicates the CN domain (CS or PS) from which the paging is originated (Step 0);

· The UE sends the NAS Service Request, which indicates CSFB (Step 1);
· The S1 Initial UE Context Setup includes the UE capabilities and indicates CSFB to the eNB (Step 6);

· SMC is performed so that security is activated before the PS HO (Steps 7&9);

· After relocation preparation, MobilityFromEUTRACommand is used to trigger PS HO. The message should indicate CSFB so that the UE is aware to send a CM Service Request after the PS HO (Step 16);

· The CS bearer is established after the PS HO, using existing legacy procedures (Step 19);
This procedure has the following implications to RAN2:

· The CN domain indicator should be included in the paging message (Step 0);
· The CSFB indicator should be included in the message used for PS HO (MobilityFromEUTRACommand) (Step 16).
This procedure has the following open issue in RAN2:

· Whether the RRC Connection Reconfiguration procedure (Steps 8&10) is necessary prior to the PS HO;
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Fig.3  CSFB from RRC_IDLE using PS HO.
2.4
CSFB from RRC_IDLE using CCO
This procedure is shown in Fig.4, which is similar to Fig.3 except that the inter-RAT execution is based on CCO. Remarks of this procedure are listed below:

· CCO is triggered after optional UE measurement solicitation. The MobilityFromEUTRACommand is used to trigger the CCO. The message should indicate CSFB so that the UE is aware to send a CM Service Request after the CCO (Step 13);

· If the CCO is with NACC, the UE does not have to read the system inforamtion from the target cell (Step 15);

· The UE should perform LAU and/or RAU if necessary (Step 16).
This procedure has the following implications to RAN2:

· The CSFB indicator should be included in the message used for CCO (MobilityFromEUTRACommand) (Step 13);

This procedure has the following open issues in RAN2:
· Whether the SMC procedure (Steps 7&9) is necessary prior to the CCO;

· Whether the RRC Connection Reconfiguration procedure (Steps 8&10) is necessary prior to the CCO;

· Whether the CCO (MobilityFromEUTRACommand) indicates the target cell or just the RAT/ frequency;
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Fig.4  CSFB from RRC_IDLE using CCO.
3.  Proposals

3.1
Necessary changes to TS 36.331
From the discussion in Section 2 (and also 3.3), the following updates to TS 36.331 are proposed:
Proposal 1:
The Paging message should include the CN domain indicator (this can be a cause value in the pagingCause).

Proposal 2:
The MobilityFromEUTRACommand should support both PS HO and CCO (already current assumption).
Proposal 3:
The MobilityFromEUTRACommand should include the CSFB indicator.
3.2
NACC to UTRAN
Currently NACC is supported only for CCO to GERAN. Since NACC is simple and would improve the establishment delay considerably in the order of seconds, NACC to UTRAN should be supported also. The NACC information (for both GERAN and UTRAN) should be optionally present in the MobilityFromEUTRACommand. This is since in some cases the message should be kept small to deliver the message fast to a UE near the cell edge. Also in case where the network has a difficulty deciding the target cell, it might not be desirable to include the NACC information always.
Proposal 4:
NACC to UTRAN should be supported.
Proposal 5:
The MobilityFromEUTRACommand should optionally include NACC information for GERAN or UTRAN in case of CCO.

3.3
MobilityFromEUTRACommand vs RRCConnectionRelease
A previous debate in RAN2 was which message should be used for CSFB, i.e., MobilityFromEUTRACommand or RRCConnectionRelease. It has been agreed that the RRCConnectionRelease optionally includes a redirection information, that can be used to specify the RAT/ frequency the UE should camp on after moving to RRC_IDLE. It has been commented earlier that this can be reused for CSFB. However, the use of RRCConnectionRelease for CSFB seems to have a few drawbacks:

· CSFB indicator needs to be introduced to RRCConnectionRelease.

· RRCConnectionRelease has a timer before the UE can transit to RRC_IDLE, so that the UE has sufficient time to transmit the RLC status. This would delay the call establishment in case of CSFB.
In contrast MobilityFromEUTRACommand is used for PS HO, and to support the CSFB use case, the message must contain the CSFB indicator in any case. In addition, the current assumption in RAN2 is that the MobilityFromEUTRACommand should be used for CCO. Although the current assumption is that security must be activated before PS HO, this is unclear for the CCO case. If CCO would be possible before security activation (this seems to be feasible since authentication will be performed at the target RAT after the CCO anyway), it seems there is no considerable drawback by using the MobilityFromEUTRACommand. Hence, it seems rather redundant if both RRCConnectionRelease and MobilityFromEUTRACommand support CSFB.

A previous argument from DOCOMO/ T-Mobile was that in case a clear target cell does not exist, the network might want to redirect the UE to a RAT/ frequency and let the UE perform cell selection. Although this behaviour would be inline with the RRCConnectionRelease procedure with redirection information, similar behaviour might be achievable with MobilityFromEUTRACommand depending on how CCO is implemented, e.g., whether the CCO is to a specific cell or just to a RAT/ frequency, and how the UE behaviour is specified in case the target cell was not found. (Note that to support NACC, CCO to a specific cell is anyway needed.)

As reducing the number of different options is clearly beneficial, it seems reasonable that CSFB is solely supported by the MobilityFromEUTRACommand procedure. With this the UE behaviour can be unified in the sense that if a MobilityFromEUTRACommand is received, the UE should take an immediate action to access the target cell, whereas if RRCConnectionRelease is received, the UE can enter idle mode and does not need to take immediate action to establish service. Then, whether CCO to a RAT/ frequency (and let UE perform cell selection) by MobilityFromEUTRACommand should be supported can be discussed further.
Proposal 5:
CSFB should be supported solely by the MobilityFromEUTRACommand procedure. The redirection information in RRCConnectionRelease should only be used to command the RAT/ frequency for camping in RRC_IDLE.
Another argument previously raised from DOCOMO/ T-Mobile was that, for CSFB from idle mode, PS HO is not the best solution. Although this is still the opinion of DOCOMO, nothing can prevent a network from implementing PS HO for CSFB from idle mode, as this is anyway necessary for CSFB from active mode. The use of PS HO or CCO should be entirely up to the operator’s discretion. When it comes to testing, however, prioritisations can be considered.
The applicable procedures for different use cases are summarised in Table 1.

Table 1.  Applicablity of different procedures.
	Procedure
	CSFB from RRC_IDLE
	CSFB from RRC_CONNECTED
	RRC_CONNECTED > RRC_IDLE

	PS HO by MobilityFromEUTRACommand
	Applicable (although this may be deprioritised when it comes to testing)
	Applicable
	N/A

	CCO by MobilityFromEUTRACommand
	Applicable (FFS whether CCO to a RAT/ frequency should be supported)
	Applicable (FFS whether CCO to a RAT/ frequency should be supported)
	N/A

	Redirection by RRCConnectionRelease
	N/A
	N/A
	Applicable


4.  Summary
In summary the following proposals were made:

Proposal 1:
The Paging message should include the CN domain indicator (this can be a cause value in the pagingCause).

Proposal 2:
The MobilityFromEUTRACommand should support both PS HO and CCO (already current assumption).

Proposal 3:
The MobilityFromEUTRACommand should include the CSFB indicator.

Proposal 4:
NACC to UTRAN should be supported.

Proposal 5:
The MobilityFromEUTRACommand should optionally include NACC information for GERAN or UTRAN in case of CCO.

Proposal 5:
CSFB should be supported solely by the MobilityFromEUTRACommand procedure. The redirection information in RRCConnectionRelease should only be used to command the RAT/ frequency for camping in RRC_IDLE.
5.  Open issues
The following open issues are remaining with regards to CSFB in RAN2. RAN2 is requested to discuss these aspects further.
· Whether the SMC procedure is necessary prior to CCO;

· Whether the RRC Connection Reconfiguration procedure (to setup radio resource configuration) is necessary prior to inter-RAT PS HO or CCO from idle mode;

· Whether the CCO (MobilityFromEUTRACommand) indicates the target cell or just the RAT/ frequency;
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Text proposal regarding MobilityFromEUTRACommand
Beginning of text proposal
5.4.3
Mobility from E-UTRA

5.4.3.1
General
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Figure 5.4.3.1-1: Mobility from E-UTRA, successful


[image: image6.emf] 

MobilityFromEUTRAFailure  

MobilityFromEUTRACommand  

UE   EUTRAN  


Figure 5.4.3.1-2: Mobility from E-UTRA, failure

The purpose of this procedure is to move a UE in RRC_CONNECTED to a cell using another Radio Access Technology (RAT), e.g. GERAN, UTRA or CDMA2000 systems. The mobility from E-UTRA procedure covers both:

-
handover, i.e. the MobilityFromEUTRACommand message includes radio resources that have been allocated for the UE in the target cell and

-
cell change order, i.e. the MobilityFromEUTRACommand message may include information facilitating access of and/ or connection establishment in the target cell, e.g. system information. Cell change order is applicable only to GERAN and UTRAN.

The mobility from E-UTRA procedure applies when SRBs are established, possibly in combination with DRBs.

5.4.3.2
Initiation

E-UTRAN initiates the mobility from E-UTRA procedure to a UE in RRC_CONNECTED, possibly in response to a MeasurementReport message by sending a MobilityFromEUTRACommand message. E-UTRA initiates the procedure only when security has been activated.
Editor's note:
It is FFS if cell change order is possible before security activation.
5.4.3.3
Reception of the MobilityFromEUTRACommand by the UE

The UE shall:

1>
If the mobilityType included in the MobilityFromEUTRACommand message is ‘handover’:

2>
access the target cell indicated in the MobilityFromEUTRACommand message using the dedicated resources included in the interRAT-Message in accordance with the specifications of the other RAT;

2>
If the MobilityFromEUTRACommand message includes a subset of the established DRBs (FFS):

3>
inform upper layers about the failure to continue the DRBs not included in the MobilityFromEUTRACommand message;

1>
else (the mobilityType included in the MobilityFromEUTRACommand message is ‘cellChangeOrder’):

2>
establish the connection to the target cell indicated in the MobilityFromEUTRACommand message in accordance with the specifications of the other RAT and the interRAT-Message included in the MobilityFromEUTRACommand message;
1>
forward the domainIndicator to the upper layers.
5.4.3.4
Successful completion of the mobility from E-UTRA

Upon successfully completing the handover, the UE shall:

1>
clear or set variables upon leaving E-UTRA RRC_CONNECTED as specified in subclause XX.X.

Editor's note:
There may be a need to re-map information regarding, e.g. EPS bearers, security as well as clearing of variables, UE context. Also, timers monitoring the successful completion (if specified), may need to be stopped.

To be specified

5.4.3.5
Mobility from E-UTRA failure

The UE shall:

1>
If the UE fails to connect to the target cell indicated in the MobilityFromEUTRACommand message:

2>
If the UE succeeds to revert back to the source E-UTRA cell and the configuration used prior to the reception of the MobilityFromEUTRACommand message (FFS):

Editor's note:
Further details need to be specified regarding the (part of the) previously used configuration that the UE shall resume.

3>
send a MobilityFromEUTRAFailure message;

2>
else:

3>
act as specified for the case of detecting radio link failure (FFS);

The details of the handover failure handling are FFS, i.e. whether the failure handling is the same for handover and cell change order, whether RL failure operation will be re-used, whether UE shall (always) revert to source cell

Next modified section
–
MobilityFromEUTRACommand
The MobilityFromEUTRACommand message is used to command handover or a cell change from E‑UTRA to another RAT (3GPP or non-3GPP).

Signalling radio bearer: SRB1
RLC-SAP: AM

Logical channel: DCCH

Direction: E‑UTRAN to UE

MobilityFromEUTRACommand message
-- ASN1START

MobilityFromEUTRACommand ::=

SEQUENCE {


rrc-TransactionIdentifier


RRC-TransactionIdentifier,


criticalExtensions




CHOICE {



c1








CHOICE{




mobilityFromEUTRACommand-r8


MobilityFromEUTRACommand-r8-IEs,




spare7 NULL,




spare6 NULL, spare5 NULL, spare4 NULL,




spare3 NULL, spare2 NULL, spare1 NULL



},



criticalExtensions




SEQUENCE {}


}

}

MobilityFromEUTRACommand-r8-IEs ::=
SEQUENCE {


mobilityType





CHOICE {



handover






SEQUENCE {




targetRAT






ENUMERATED {geran, utra, cdma2000-HRPD, cdma2000-1xRTT},



interRAT-Message




InterRAT-Message


},



cellChangeOrder





SEQUENCE {




interRAT-Target





InterRAT-Target,



interRAT-Message




InterRAT-Message


OPTIONAL
-- Need OP


}


},

domainIndicator





ENUMERATED {cs-Domain, ps-Domain},

...

}

-- ASN1STOP

Editor's note:
The extension mechanisms in this message are FFS.

	MobilityFromEUTRACommand field descriptions

	interRAT-Target

Field description is FFS.

	interRAT-Message

Field description is FFS.


Next modified section
–
InterRAT-Message
The IE InterRAT-Message is used to transparently carry message corresponding to specifications from another RAT, e.g., handover command, (Packet) System Information as used in case of GERAN or UTRAN network assisted cell change, HRPD "TCA" for mobility to HRPD.
InterRAT-Message information element
-- ASN1START

InterRAT-Message ::=



SEQUENCE {


-- Enter the IEs here.
















   FFS

}

-- ASN1STOP

	InterRAT-Message field descriptions

	%fieldIdentifier%




–
InterRAT-Target
The IE InterRAT-Target is used %%

InterRAT-Target information element
-- ASN1START

InterRAT-Target ::=




CHOICE {

geran







SEQUENCE {



geran-DL-CarrierFreq



GERAN-DL-CarrierFreq,



geran-CellIdentity




GERAN-CellIdentity

},


utra







SEQUENCE {



utra-DL-CarrierFreq




UTRA-DL-CarrierFreq,



utra-CellIdentity




UTRA-CellIdentity

}

}

-- ASN1STOP

	InterRAT-Target field descriptions

	%fieldIdentifier%




End of text proposal
Text proposal regarding Paging
Beginning of text proposal
–
Paging
The Paging message is used for the notification of one or more UEs.

Signalling radio bearer: N/A

RLC-SAP: TM

Logical channel: PCCH

Direction: E‑UTRAN to UE

Paging message
-- ASN1START

Paging ::=






SEQUENCE {


criticalExtensions




CHOICE {



paging-r8






Paging-r8-IEs,



criticalExtensions




SEQUENCE {}


}

}

Paging-r8-IEs ::=




SEQUENCE {


pagingRecordList




SEQUENCE (SIZE (1..maxPageRec)) OF SEQUENCE {



ue-Identity






PagingUE-Identity,



pagingCause






PagingCause


}

OPTIONAL,
















-- Need OP


systemInfoModification



ENUMERATED {true}




OPTIONAL,
-- Need OP


...

}

-- ASN1STOP

Editor's note:
The extension mechanisms in this message are FFS.

	Paging field descriptions

	ue-Identity

Field description is FFS.

	pagingCause

Field description is FFS.

	systemInfoModification

If present: indication of a BCCH modification.


Next modified section
–
PagingCause
The IE PagingCause is used %%

PagingCause information element
-- ASN1START

PagingCause ::=





ENUMERATED {










cs-Domain,










-- Enter paging cause values here.




   FFS











causeValue}

-- ASN1STOP

	PagingCause field descriptions

	pagingCause

Field description is FFS.


End of text proposal
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