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1
Introduction

During the RAN3#91bis meeting, a problem of long CS call establishment type was raised in [1], root cause for which was absence of the CSFB information at a new eNB after the RRC re-establishment and UE context fetch procedures. There was a proposal to enhance the RAN3 signalling to cover this error case. However, RAN3 did not conclude on a solution, partially for the reason that companies in RAN3 WG did not have a common view and understanding on what the UE behaviour is in this particular case. As a result, RAN3 WG sent an LS to CT1 and RAN2 asking their view on the UE behaviour, and more specifically whether RLF triggers a failure indication from AS to NAS.
Following a request in the incoming LS document from RAN3 WG [2], this paper presents further analysis of CT1 and RAN2 specifications, and asks RAN2 to clarify UE behaviour in this particular case.
2
Background and general overview of the problem
Referring to contribution in [1], in which the problem was presented for RAN3 WG, it has been observed that it may take longer time to establish successfully the CS call under the following circumstances. A UE initiates the CS call by sending the Extended Service Request to MME, which triggers the corresponding actions with regards to re-configuring a UE to the 2G/3G network. However, if a UE experiences the RLF problem before reception of the reconfiguration message from its serving eNB, a UE initiates the RRC re-establishment process to a potentially new eNB. A new eNB may support UE context fetch using RLF indication feature, whereupon UE related information will be moved to the new eNB, as shown in Figure 1 below. However, current RAN3 signaling has a limitation, because the new eNB is not aware of the CSFB request initiated by the UE. As a result, the UE NAS layer resorts for waiting for expiry of the T3417 timers before another Extended Service Request is initiated again, which causes CS call establishment delays. 
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Figure 1: Sequence of events causing long CS call establishment time.

3
Analysis of specifications
3.1
CT1 TS 24.301
Referring to sub-clause 5.6.1.6 in TS 24.301, one can see that the specification lists a number of abnormal cases, one of them is so-called lower layer failure. The full text of sub-clause 5.6.1.6 is provided in Appendix A, from which we present here the most essential excerpt. As can be seen from the highlighted part, if NAS detects the lower layer failure, then the CT1 specification is clear that a UE should select 2G/3G service if CS fallback was initiated.
------------------------------ excerpt from TS 24.301, sub-clause 5.6.1.6 (BEGIN) ------------------------------

b)
Lower layer failure or release of the NAS signalling connection without "Extended wait time" and without redirection indication received from lower layers before the service request procedure is completed (see subclause 5.6.1.4) or before SERVICE REJECT message is received
If the service request was initiated for CS fallback, the UE shall attempt to select GERAN or UTRAN radio access technology. If the UE finds a suitable GERAN or UTRAN cell, it then proceeds with the appropriate MM and CC specific procedures and the EMM sublayer shall not indicate the abort of the service request procedure to the MM sublayer. Otherwise the EMM sublayer shall indicate the abort of the service request procedure to the MM sublayer, and the UE shall also set the EPS update status to EU2 NOT UPDATED and enter the state EMM-REGISTERED.ATTEMPTING-TO-UPDATE
------------------------------- excerpt from TS 24.301, sub-clause 5.6.1.6 (END) --------------------------------

However, the CT1 definition of the "lower layer failure" effectively depends on the AS layer error indication. In other words, NAS will report the lower layer failure only if AS sends the corresponding error indication. 
------------------------------ excerpt from TS 24.301, sub-clause 3.1 (BEGIN) ------------------------------
Lower layer failure: A failure reported by the AS to the NAS that cannot be corrected on AS level. When the AS indicates a lower layer failure to NAS, the NAS signalling connection is not available.
------------------------------- excerpt from TS 24.301, sub-clause 3.1 (END) --------------------------------

3.2 RAN2 TS 36.331
Referring now to TS 36.331, there is one sub-clause 5.4.3.5 "Mobility from E-UTRA failure" (full text of which is given in Appendix B), according to which a UE indeed sends an error indication to the upper layer upon CS failure, however the error cases do not include RLF as the root cause. Similarly, sub-clause 5.3.11.3 "Detection of radio link failure" does not present either any specific action with regards to sending error indications to upper layers when RLF interrupts an ongoing CS call establishment process.
Based on that, it seems that current TS 36.331 at least does not mandate the AS layer to send any indication to NAS when RLF occurs in the middle of the CS establishment process. 
4 Conclusion
In this discussion paper we have presented our technical analysis of the CT1 TS 24.301 and RAN2 TS 36.331 specifications in response to the request coming from RAN3 WG. According to our preliminary analysis, the CT1 specification NAS is not directly aware of radio link failure, but can only act on a response from the lower layers that indicates that some issue occurred (and in this case, the UE shall attempt to select the 2G/3G RAT, if the Service Request was for CSFB). In turn, the RAN2 specification does not provide any explicit actions for the AS layer to send an indication to the upper layer when RLF interrupts the CSFB process.
Proposal: We kindly ask RAN2 to clarify/confirm UE behavior when RLF interrupts the CSFB process.  
5 References

[1] R3-160676, "Increased CSFB setup delay problem in case of context fetch", Samsung
[2] R3-161028, "LS on error scenarios during CSFB", RAN3 WG
Appendix A: TS 24.301

5.6.1.6
Abnormal cases in the UE

The following abnormal cases can be identified:

a)
Access barred because of access class barring, ACDC or NAS signalling connection establishment rejected by the network without "Extended wait time" received from lower layers

If the service request procedure is started in response to a paging request from the network, access class barring or ACDC is not applicable.


If the trigger for the service request procedure is the response to a paging request from the network and the NAS signalling connection establishment is rejected by the network, the service request procedure shall not be started. The UE stays in the current serving cell and applies normal cell reselection process. The service request procedure may be started if it is still necessary, i.e. when access for "terminating calls" is granted or because of a cell change.

If the service request was initiated for CS fallback and the access is barred for "mobile originating CS fallback" (see 3GPP TS 36.331 [22]) and the lower layer indicates "the barring is due to CSFB specific access barring information", the service request procedure shall not be started. The UE stays in the current serving cell and applies normal cell reselection process. The service request procedure may be started if it is still necessary, i.e. when access for "mobile originating CS fallback" is granted or because of a cell change.

If the service request was initiated for CS fallback and a CS fallback cancellation request was not received and the access is barred for "mobile originating CS fallback" (see 3GPP TS 36.331 [22]) and the lower layer does not indicate "the barring is due to CSFB specific access barring information", the UE shall attempt to select GERAN or UTRAN radio access technology. If the UE finds a suitable GERAN or UTRAN cell, it then proceeds with the appropriate MM and CC specific procedures and the EMM sublayer shall not indicate the abort of the service request procedure to the MM sublayer. Otherwise the EMM sublayer shall indicate the abort of the service request procedure to the MM sublayer.

If the service request was initiated for 1xCS fallback and the access is barred for "originating calls" (see 3GPP TS 36.331 [22]), the UE shall select cdma2000® 1x radio access technology. The UE then proceeds with appropriate cdma2000® 1x CS procedures.

If the lower layer indicated the access was barred because of access class barring for "originating calls" (see 3GPP TS 36.331 [22]) and if:

-
the service request is initiated due to a request from upper layers for user plane radio resources, and the MO MMTEL voice call is started, the MO MMTEL video call is started or the MO SMSoIP is started;

-
the service request is initiated due to a mobile originated SMS over NAS or SMS over S102; or

-
the service request is initiated due to a request from upper layers for user plane radio resources, ACDC is applicable to the request and the UE supports ACDC.

then the service request procedure shall be started. The call type used shall be per annex D of this document.

NOTE 1:
If more than one of MO MMTEL voice call is started, MO MMTEL video call is started or MO SMSoIP is started conditions are satisfied, it is left to UE implementation to determine the call type based on annex D of this document.

If access is barred for a certain ACDC category (see 3GPP TS 36.331 [22]), and if the upper layers request user plane radio resources for a higher ACDC category and the UE supports ACDC, then the service request procedure shall be started.


If an access request for an uncategorized application is barred due to ACDC (see 3GPP TS 36.331 [22]), and if the upper layers request user plane radio resources for a certain ACDC category and the UE supports ACDC, then the service request procedure shall be started.

Otherwise, if access is barred for "originating calls" (see 3GPP TS 36.331 [22]), the service request procedure shall not be started. The UE stays in the current serving cell and applies normal cell reselection process. The service request procedure may be started if it is still necessary when access for "originating calls" is granted or because of a cell change.
b)
Lower layer failure or release of the NAS signalling connection without "Extended wait time" and without redirection indication received from lower layers before the service request procedure is completed (see subclause 5.6.1.4) or before SERVICE REJECT message is received

If the service request was initiated for CS fallback, the UE shall attempt to select GERAN or UTRAN radio access technology. If the UE finds a suitable GERAN or UTRAN cell, it then proceeds with the appropriate MM and CC specific procedures and the EMM sublayer shall not indicate the abort of the service request procedure to the MM sublayer. Otherwise the EMM sublayer shall indicate the abort of the service request procedure to the MM sublayer, and the UE shall also set the EPS update status to EU2 NOT UPDATED and enter the state EMM-REGISTERED.ATTEMPTING-TO-UPDATE.

If the service request was initiated for CS fallback and a CS fallback cancellation request was received the UE shall set the EPS update status to EU2 NOT UPDATED and enter the state EMM-REGISTERED.ATTEMPTING-TO-UPDATE.

If the service request was initiated for 1xCS fallback, the UE shall either:

-
attempt to select cdma2000® 1x radio access technology and proceed with appropriate cdma2000® 1x CS procedures. If the UE fails to select cdma2000® 1x radio access technology, the UE shall set the EPS update status to EU2 NOT UPDATED and enter the state EMM-REGISTERED.ATTEMPTING-TO-UPDATE; or

-
set the EPS update status to EU2 NOT UPDATED and enter the state EMM-REGISTERED.ATTEMPTING-TO-UPDATE, and perform cell selection according to 3GPP TS 36.304 [21].

If the service request was not initiated for CS fallback or 1xCS fallback, the UE shall enter state EMM-REGISTERED.

The UE shall abort the service request procedure, stop timer T3417 or T3417ext and locally release any resources allocated for the service request procedure.

Appendix B: TS 36.331
5.4.3.5
Mobility from E-UTRA failure

The UE shall:

1>
if T304 expires (mobility from E-UTRA failure); or

1>
if the UE does not succeed in establishing the connection to the target radio access technology; or

1>
if the UE is unable to comply with (part of) the configuration included in the MobilityFromEUTRACommand message; or

1>
if there is a protocol error in the inter RAT information included in the MobilityFromEUTRACommand message, causing the UE to fail the procedure according to the specifications applicable for the target RAT:

2>
stop T304, if running;

2>
if the cs-FallbackIndicator in the MobilityFromEUTRACommand message was set to TRUE or e-CSFB was present:

3>
 indicate to upper layers that the CS Fallback procedure has failed;

2>
revert back to the configuration used in the source PCell, excluding the configuration configured by the physicalConfigDedicated, mac-MainConfig and sps-Config;

2>
initiate the connection re-establishment procedure as specified in 5.3.7;

NOTE:
For enhanced CS fallback to CDMA2000 1xRTT, the above UE behavior applies only when the UE is attempting the enhanced 1xRTT CS fallback and connection to the target radio access technology fails or if the UE is attempting enhanced 1xRTT CS fallback along with concurrent mobility to CDMA2000 HRPD and connection to both the target radio access technologies fails.
5.3.11.3
Detection of radio link failure

The UE shall:

1>
upon T310 expiry; or
1>
upon T312 expiry; or

1>
upon random access problem indication from MCG MAC while neither T300, T301, T304 nor T311 is running; or

1>
upon indication from MCG RLC that the maximum number of retransmissions has been reached for an SRB or for an MCG or split DRB:

2>
consider radio link failure to be detected for the MCG i.e. RLF;

2>
store the following radio link failure information in the VarRLF-Report by setting its fields as follows:

3>
clear the information included in VarRLF-Report, if any;

3>
set the plmn-IdentityList to include the list of EPLMNs stored by the UE (i.e. includes the RPLMN);

3>
set the measResultLastServCell to include the RSRP and RSRQ, if available, of the PCell based on measurements collected up to the moment the UE detected radio link failure;

3>
set the measResultNeighCells to include the best measured cells, other than the PCell, ordered such that the best cell is listed first, and based on measurements collected up to the moment the UE detected radio link failure, and set its fields as follows;

4>
if the UE was configured to perform measurements for one or more EUTRA frequencies, include the measResultListEUTRA;

4>
if the UE was configured to perform measurement reporting for one or more neighbouring UTRA frequencies, include the measResultListUTRA;

4>
if the UE was configured to perform measurement reporting for one or more neighbouring GERAN frequencies, include the measResultListGERAN;

4>
if the UE was configured to perform measurement reporting for one or more neighbouring CDMA2000 frequencies, include the measResultsCDMA2000;

4>
for each neighbour cell included, include the optional fields that are available;

NOTE 1:
The measured quantities are filtered by the L3 filter as configured in the mobility measurement configuration. The measurements are based on the time domain measurement resource restriction, if configured. Blacklisted cells are not required to be reported.

3>
if detailed location information is available, set the content of the locationInfo as follows:

4>
include the locationCoordinates;

4>
include the horizontalVelocity, if available;

3>
set the failedPCellId to the global cell identity, if available, and otherwise to the physical cell identity and carrier frequency of the PCell where radio link failure is detected;
3>
set the tac-FailedPCell to the tracking area code, if available, of the PCell where radio link failure is detected;
3>
if an RRCConnectionReconfiguration message including the mobilityControlInfo was received before the connection failure:

4>
if the last RRCConnectionReconfiguration message including the mobilityControlInfo concerned an intra E-UTRA handover:

5>
include the previousPCellId and set it to the global cell identity of the PCell where the last RRCConnectionReconfiguration message including mobilityControlInfo was received;

5>
set the timeConnFailure to the elapsed time since reception of the last RRCConnectionReconfiguration message including the mobilityControlInfo;
4>
if the last RRCConnectionReconfiguration message including the mobilityControlInfo concerned a handover to E-UTRA from UTRA and if the UE supports Radio Link Failure Report for Inter-RAT MRO:

5>
include the previousUTRA-CellId and set it to the physical cell identity, the carrier frequency and the global cell identity, if available, of the UTRA Cell in which the last RRCConnectionReconfiguration message including mobilityControlInfo was received;

5>
set the timeConnFailure to the elapsed time since reception of the last RRCConnectionReconfiguration message including the mobilityControlInfo;
3>
if the detected radio link failure concerns a DRB which QCI is 1:

4>
include the droppedQCI;
3>
set the connectionFailureType to rlf;

3>
set the c-RNTI to the C-RNTI used in the PCell;

3>
set the rlf-Cause to the trigger for detecting radio link failure;

2>
if AS security has not been activated:

3>
perform the actions upon leaving RRC_CONNECTED as specified in 5.3.12, with release cause 'other';

2>
else:

3>
initiate the connection re-establishment procedure as specified in 5.3.7;

The UE shall:

1>
upon T313 expiry; or

1>
upon random access problem indication from SCG MAC; or

1>
upon indication from SCG RLC that the maximum number of retransmissions has been reached for an SCG or split DRB:

2>
consider radio link failure to be detected for the SCG i.e. SCG-RLF;

2>
initiate the SCG failure information procedure as specified in 5.6.13 to report SCG radio link failure;
The UE may discard the radio link failure information, i.e. release the UE variable VarRLF-Report, 48 hours after the radio link failure is detected, upon power off or upon detach.
