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1
Introduction
The objectives of the Dual Connectivity WI [1] are:

The work item aims at specifying Dual Connectivity operation, where a given multiple Rx/Tx UE in RRC_CONNECTED is configured to utilise radio resources provided by two distinct schedulers, located in Master and Secondary eNBs. Taking the conclusions of the Study Item (36.842) as starting point, the work item should fulfil the following objectives:
-
Introduce functions and procedures to realise C-plane and U-plane protocol and architectures supporting alternatives 1A and 3C.
-
Signalling and protocol support for dual connectivity will first focus on reconfigurations involving either 1A or 3C, and reconfigurations involving both 1A and 3C will only be later considered if requiring minimal additions.

-
Introduce functions and procedures on the S1and X2 interfaces.
-
Identify and introduce physical layer functionalities required for the operation of Dual Connectivity.
-
After PUCCH mechanisms are enhanced for dual connectivity, extending those enhancements to Carrier Aggregation to enable PUCCH transmission on SCell(s) for uplink Carrier Aggregation capable UEs could be considered if requiring minimal additional work.
-
Specify corresponding UE and eNB core requirements.
In the RAN2#85 meeting (i.e. at the end of the dual connectivity SI), the following were agreed concerning the RLM for SeNB: 
	Agreements
1
UE shall inform MeNB of random access failure associated with an SCG cell at least for the special Scell. FFS for other SCells of the SCG.

2
UE shall inform MeNB of RLC failure associated with an SCG cell.

FFS whether UE shall inform MeNB of physical layer problem (L1 out of sync, like for PCell).

5
The UE shall not trigger RRC-reestablishment when detecting any of the above listed types of SCG failure (RACH, RLC, …).

6
The UE shall stop all UL transmission towards all cells of the SeNB when detecting any of the above listed types of SCG failure (RACH, RLC, …).



In the RAN2#85bis [4] , it was agreed that RLM of special cell is introduced:

	Agreements
1
UE shall perform radio link monitoring on the special SCell (S-RLM) for the purpose of detecting L1 out-of-sync. S-RLM specification should reuse the current RLM specification as much as possible.

1a
UE shall report S-RLF to MeNB (triggered by RLM, RA or RLC) and indicates which of the triggers were met. 

1b
UE shall suspend UL transmissions to SCG upon S-RLF

2
UE is not required to monitor the PDCCH for the SCG upon detecting S-RLF.

3
The data transfer for a split bearer over the MeNB is maintained upon S-RLF.

5
The UE does not resume the connection to the SCG autonomously, i.e., it is up to the MeNB.




In the RAN2#86 meeting [5], the following additional details were introduced:

	Agreements
7:
Introduce a separate message/procedure for reporting SCG failures (i.e. about physical layer or RA failure on the PSCell or about reaching the maximum number of RLC retransmissions for an SCG DRB).




In this contribution, we discuss the specifics of the SeNB failure reporting and discuss how the failure recovery should be specified. 
2
SeNB Failure Reporting
The RAN2 decisions have concluded that SCG is failure is detected when one of the following is detected towards the special cell of SCG:

1. Random access problem indication from the SeNB MAC

2. Upon indication of RLC failure from SeNB

3. Upon detection of PSCell physical layer problem (L1 out of sync detection from PSCell).

In addition, the contribution [6] proposes HFN desynchronization as a fourth trigger for S-RLF – the modifications required for that have been taken into account in the ASN.1 part in Annex.

In the following sections, we discuss how the SeNB failure reporting should happen and how the RRC procedures should be defined.
2.1
SeNB failure indications at UE
There are three possible reasons for SeNB failure indication:

1. An indication of Qout for PSCell means that the L1 perceived is too low for reliable reception of PDCCH. This means DL communication with PSCell is not reliable.

2. An indication of random access problem from SeNB MAC means that UE has used the maximum number of preambles in but the random access has still failed. This means UL communication with PSCell is not reliable.

3. An indication of RLC failure means that UL RLC towards SeNB has reached the maximum number of retransmissions without the RLC packet being successfully delivered. This means that lossless delivery of PDCP PDUs may not be possible, which is not desirable for efficient user plane operation.

Regardless of the problem involved, UE should always

· Indicate the detected problem in the report (L1, MAC, RLC) 

· Include the serving cell measurement quantities in the report (similarly as for RRM measurement reports) 

· Always be able to send the report without extra configuration

For random access failure, current MAC spec has different actions for PCell and SCell when the maximum number preamble transmissions is reached:

	-
If PREAMBLE_TRANSMISSION_COUNTER = preambleTransMax + 1:

-
if the Random Access Preamble is transmitted on the PCell:

-
indicate a Random Access problem to upper layers;

-
if the Random Access Preamble is transmitted on an SCell:

-
consider the Random Access procedure unsuccessfully completed.


For PCell the Ramdom Access problem is simply indicated to upper layers and preamble transmissions can continue until upper layers instruct otherwise whereas for SCell the Random Access procedure is considered unsuccessfully completed and UE stops preamble transmissions.

For PSCell it makes sense to apply both, i.e., consider the Random Access procedure unsuccessfully completed, and therefore, stop preamble transmissions and indicate a Random Access problem to upper layers.

Proposal 1: When maximum number of random access preamble transmissions is reached in PSCell, the UE shall consider the Random Access procedure unsuccessfully completed, stop preamble transmissions to PSCell and indicate a Random Access problem to upper layers.
The main point of proposal 1 is that the random access failure in SeNB is a mix between PCell and SCell random access failures, and therefore the behaviour should also be a mix of the existing behaviours.

2.2
Reporting of SeNB failures
In RAN2#87, it was agreed that the SeNB failure reporting shall be introduced as a new message. However, the contents of the message were still left undecided. Given that the failure message is a one-time message and could be used for e.g. SON purposes or detecting network error cases, it seems reasonable that UE would also report the current measurement results to the PCell. This would allow the PCell to ascertain the radio conditions are perceived by the UE when the S-RLF has occurred. 
Proposal 3: The SeNB failure report should contain the following fields:

· RSRP/RSRQ measurement results of PCell and all SCells (including SeNB SCells)
· SeNB failure reason: L1, MAC, RLC or HFN de-sync (if the proposal in [6] is agreed)

From MeNB viewpoint, it will only be aware of the SeNB SCells link state via RRM measurements, the SeNB failure reporting or potential SeNB X2 indications (if such are introduced). Therefore, it could also be considered whether a reporting of the SeNB status could be introduced, i.e. MeNB could configure UE to send periodical status report of the SeNB link quality.

2.3
UE measurement actions at SeNB failure detection
RAN2 has agreed that UE shall not resume the connection autonomously and shall not send any UL to the SeNB. However, the SeNB configuration remains until removed, which mean that UE measurements should continue normally. This means that the SCells should retain their previous state, and the UE measurements should continue treating them just as before.
Proposal 4: When SeNB failure is detected, all SCells in SeNB are treated as activated/deactivated SCells according to their previous state.

This means that all normal RRM measurements would still continue as normal and events would trigger as before.

2.4
MeNB actions when receiving SeNB failure report
When MeNB receives a report of SeNB failure from the UE, it should decide on the necessary actions, most likely to deconfigure or change the PSCell since it has failed. Since the UE still has connectivity to MeNB, we see this action as a regular RRCConnectionReconfiguration, i.e. it is up to MeNB how to respond. Likely actions could be either SeNB deletion procedure (i.e. removing dual connectivity) or SeNB change procedure (changing SeNB to another) and subsequent actions related to those messages. 
Proposal 5: It is up to MeNB implementation to decide how to react to SeNB failure report from UE and which actions to take.
2.5
SeNB actions upon detecting SeNB failure
Since the SeNB receives UE CQI reports, it might also detect the (potential) failure of SeNB SCells (including the PSCell).This would likely lead to SeNB stopping scheduling the UE, but like with the MeNB, we think it should be up to SeNB implementation what to do: The SeNB could indicate complete deletion of SeNB, deletion of a failed SCell or even nothing at all.
Proposal 6: It is up to SeNB implementation how to act when potential SeNB failure is detected.

2.6
Recovering from SeNB failure

The UE does not automatically recover from the SeNB failure. Hence, it should be discussed which SCG reconfigurations shall cause UE to attempt to again access the (reconfigured) SCG?
It is clear that for S-RLF recovery to happen, either the SCG or the PSCell should be changed. The common denominator for both of these cases is the synchronous reconfiguration, during which UE is required to successfully transmit to the PSCell. If this fails, the UE would anyway go to S-RLF. Hence, we propose that any synchronous reconfiguration would “reset” the S-RLF and UE would resume monitoring the PSCell again. 

Proposal 7: Any synchronous SCG reconfiguration procedure (i.e. including SCG change procedure) shall reset the S-RLF detection, i.e. the UE will continue receiving and transmitting to SeNB as normal.
4
Conclusion

We have discussed the reporting of the SeNB failures and propose the following:
Proposal 1: When maximum number of random access preamble transmissions is reached in PSCell, the UE shall consider the Random Access procedure unsuccessfully completed, stop preamble transmissions to PSCell and indicate a Random Access problem to upper layers.
Proposal 3: The SeNB failure report should contain the following fields:

· RSRP/RSRQ measurement results of PCell and SCells

· SeNB failure reason: L1, MAC, RLC or HFN de-sync (if the proposal in [6] is agreed)

Proposal 4: When SeNB failure is detected, all SCells in SeNB are treated as activated/deactivated SCells according to their previous state.

Proposal 5: It is up to MeNB implementation to decide how to react to SeNB failure report from UE and which actions to take.

Proposal 6: It is up to SeNB implementation how to act when potential SeNB failure is detected.

Proposal 7: Any synchronous SCG reconfiguration procedure (i.e. including SCG change procedure) shall reset the S-RLF detection, i.e. the UE will continue receiving and transmitting to SeNB as normal.
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Annex: TP for SeNB failure reporting
This annex shows an example TP for how to accomplish the SeNB failure reporting via new RRC message.
5.3.11
Radio link failure related actions

5.3.11.1
Detection of MeNB physical layer problems in RRC_CONNECTED

The UE shall:

1>
upon receiving N310 consecutive "out-of-sync" indications for the PCell from lower layers while neither T300, T301, T304 nor T311 is running:

2>
start timer T310;

NOTE:
Physical layer monitoring and related autonomous actions do not apply to SCells.

5.3.11.2
Recovery of physical layer problems

Upon receiving N311 consecutive "in-sync" indications for the PCell from lower layers while T310 is running, the UE shall:

1>
stop timer T310;
1>
stop timer T312, if running;

NOTE 1:

In this case, the UE maintains the RRC connection without explicit signalling, i.e. the UE maintains the entire radio resource configuration.

NOTE 2:

Periods in time where neither "in-sync" nor "out-of-sync" is reported by layer 1 do not affect the evaluation of the number of consecutive "in-sync" or "out-of-sync" indications.

5.3.11.3
Detection of MeNB radio link failure

The UE shall:

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

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

1>
upon indication from MeNB RLC that the maximum number of retransmissions has been reached:

2>
consider radio link failure to be detected;

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:
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>
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>
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 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.
5.3.11.X
Detection of SeNB physical layer problems in RRC_CONNECTED

The UE shall:

1>
upon receiving N313 consecutive "out-of-sync" indications for the PCell from lower layers while neither T300, T301, T304 nor T313 is running:

2>
start timer T313;

5.3.11.X
Recovery of physical layer problems

Upon receiving N313 consecutive "in-sync" indications for the PCell from lower layers while T313 is running, the UE shall:

1>
stop timer T313;

5.3.11.X
Detection of SeNB radio link failure

The UE shall:

1>
upon T313 expiry; or
1>
upon random access problem indication from SeNB MAC while neither T300, T301, T304 nor T311 is running; or

1>
upon indication from SeNB RLC that the maximum number of retransmissions has been reached:

2>
consider SeNB radio link failure to be detected;

2>
initiate the SeNB failure reporting procedure as specified in 5.X;
5.X
SeNB Failure Reporting 
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Figure 5.X.1-1: SeNB Failure Reporting Procedure
The purpose of this procedure is to report SeNB failure from the UE to E-UTRAN.
Upon initiating the procedure, the UE shall:

1> For each configured serving cell, set the contents of each entry in measResultServFreqList accordingly:

2> set the servFreqId according to the configured serving cell identity;

2> set the measResultServingCell to include the measurement results of the configured serving cell;

1> set s-rlf-Cause according to the detected SeNB failure cause;

–
SeNBFailureDetection
The SeNBFailureDetection message is used for the indication of UE detection of configured SeNB failure to the MeNB.

Signalling radio bearer: SRB1

RLC-SAP: AM

Logical channel: DCCH

Direction: UE to E‑UTRAN

SeNBFailure Detection message
-- ASN1START

SeNBFailureDetection-r12 ::=



SEQUENCE {


criticalExtensions




CHOICE {



c1








CHOICE {




SeNBFailureDetection-r12


SeNBFailureDetection-r12-IEs,




spare3 NULL, spare2 NULL, spare1 NULL



},



criticalExtensionsFuture


SEQUENCE {}


}

}

SeNBFailureDetection-r12-IEs ::=

SEQUENCE {


measResultServFreqList-r12


MeasResultServFreqList-r12

s-rlf-Cause-r12




ENUMERATED
{qout, randomAccess, rlcReTrans, hfnDeSync},


lateNonCriticalExtension


OCTET STRING





OPTIONAL,


nonCriticalExtension



SEQUENCE {}






OPTIONAL

}

MeasResultServFreqList-r12 ::=
SEQUENCE (SIZE (1..maxServCell-r10)) OF MeasResultServFreq-r12
MeasResultServFreq-r12 ::=


SEQUENCE {


servFreqId-r12





ServCellIndex-r10,


measResultServingCell-r12



SEQUENCE {



rsrpResultServingCell-r12



RSRP-Range,



rsrqResultServingCell-r12



RSRQ-Range


}














OPTIONAL,

-- ASN1STOP

	SeNBFailureDetection field descriptions

	s-rlf-Cause

This field is used to indicate the cause of the last radio link failure that was detected 
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