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1 Introduction
In RAN2#85 the discussion on SCG failure handling in dual connectivity has progressed with the following agreements: 

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 this paper we discuss whether physical layer problem detection of the special SCG and reporting thereof shall be supported by the UE; this functionality will be denoted as Secondary Radio Link Monitoring (S-RLM) in the following. Further, we elaborate on the newly required RRC procedure for informing the MeNB about any kind of SCG failure, which we will call Secondary Radio Link Failure (S-RLF). The new procedure shall therefore be denoted as S-RLF Indication.
2 Secondary Radio Link Monitoring (S-RLM)
In this section we discuss whether for dual connectivity a PHY failure detection of the special SCG cell shall be supported by the UE.
In Rel-11, PHY failure of the PCell is detected by the radio link monitoring (RLM) when timer T310 expires, which is started after receiving N310 consecutive “out of sync” indications from the physical layer. Out-of-sync relates to an unacceptably high PDCCH BLER or low DL-SINR. For carrier aggregation, there is no RLM entity for SCells. Instead, SCell deactivations can be made based on CQI, which is reported to the eNB of the SCell, which in case of CA is the same as the eNB of the PCell. Furthermore, SCell removals can be based on RRM measurement reports, such as A2 RSRP or RSRQ events. 
As discussed in [2], also for dual connectivity, PHY failure detection may be based on CQI/HARQ feedback observations in the SeNB or RRM measurement events by the UE reported to the MeNB. These methods however are not based on the DL-SINR metric that current PCell RLM uses and might not be appropriate enough to provide a fail-safe indicator for the UE to stop all UL transmissions towards all SCG cells (agreement 6). The need to stop UL transmissions (preamble, PUCCH, SR) is among others discussed in [3]. Therefore, to provide a reliable measure in the UE to detect PHY failures, we propose the following: 
Proposal 1 Secondary radio link monitoring (S-RLM) shall be supported by the UE to detect PHY failure of the special SCG cell.
The functionality of S-RLM can be designed similar to the original RLM. The RRC layer would receive “out of sync” and “in-sync” indications from physical layer, but based on the special SCG cell measurements. A new timer, with the same functionality, but independent of the original timer T310, should be used to declare PHY failure to be detected. Timer expiry time as well as entry and stopping conditions shall be configurable based on new values S-T310, S-N310, S-N311 which basically fulfill the same functionality as the original values. However, different values shall be configurable to account for the different purpose of the new timer, which will not lead to reestablishment; thus S-T310 can be regarded as less critical than T310 and may use a shorter timer value. Obviously, new names have to be found for the final specifications.
Proposal 2 S-RLM shall reuse the existing RLM detection functionality, i.e. be based on a new RLF timer with configurable S-T310, S-N310, S-N311.  
Another motivation to introduce S-RLM is to make MeNB aware of the SCG failure also in situations where other methods such as CQI-based and RRM-based methods are not able to detect the poor signal conditions. Further, being able to identify failures is beneficial to network adaption (SON aspects), e.g. to tune the parameters used for CQI or A2 events. With the agreements that RACH and RLC failures are indicated to the MeNB from the UE, extending this functionality to indicating also PHY failure to the MeNB can be regarded as only a minor addition. Based on this indication the MeNB can reconfigure the UE, de-activate SCGs or release the SeNB.
Proposal 3 PHY failure of the special SCG cell, as detected by S-RLM, shall also be indicated by the UE to the MeNB.

3  Secondary Radio Link Failure (S-RLF) Indication
According to the current agreements, the UE shall indicate SCG failure of RACH to the special SCG cell and RLC failure associated with any of the SCG cells to the MeNB. Furthermore, we proposed also to indicate PHY failure of the special SCG cell to the MeNB. We summarize all three possible failure types as Secondary Radio Link Failure (S-RLF). In this section we will introduce a new RRC procedure dedicated to indicate S-RLF to the MeNB.

Proposal 4 Secondary Radio Link Failure (S-RLF) failure denotes one of the following three radio link failure types: RACH failure towards the special SCG cell, RLC failure associated with any of the SCG cells, or PHY failure of the special SCG cell as detected by S-RLM.

Figure 1: New RRC procedure: S-RLF Indication
When detecting S-RLF, the UE shall stop all UL transmissions towards all SCG cells. Then the UE shall submit an RRC message S-RLF Indication to E-UTRAN (MeNB where RRC is terminated) as shown in Figure 1. The content of this new indication shall at least cover the failure type (RACH, RLC and PHY). 
Proposal 5 Introduce new RRC procedure S-RLF Indication which is sent from UE to E-UTRAN (MeNB) and contains at least the S-RLF failure type. 
In case of RLC failure, the S-RLF indication shall also contain the logical channel identifier of the failing RLC entity so that with this information the MeNB may selectively reorganize the corresponding radio bearer, e.g. keep the SeNB for some bearers but remove the bearer of the failed RLC.

Proposal 6 In case of RLC failure, the S-RLF Indication shall also contain the logical channel identifier of the failing RLC.
Optionally, for robustness optimization purposes (SON aspects) the message may also include detailed information about the failure such as measurement results for the special SCG cell, velocity and location info and timestamps.

A proposal how an implementation of the S-RLF Indication procedure could look like in the RRC specifications [1] is given in the Annex A.
As stated in agreement 1 above, one remaining issue is whether also RACH failures of SCG SCells other than the special SCell shall be considered by the S-RLF indication. We believe that similarly to Rel-11 CA (according to TS 36.321 [5] RACH failure on any SCell is not reported to higher layers), this kind of failure does not need to be indicated. This is because only network initiated contention-free RACH is supported in those cells; a potential failure would be detectable by the SeNB if no RACH is received after the preamble allocation. Based on this the SeNB can request SCG release from the MeNB [6]. Furthermore, it is not necessary that the UE stops all UL transmissions to all SCG cells (agreement 6), if only RACH to one SCG SCell fails. In this case the UE shall still be able to send UL transmissions to the special SCell.
Proposal 7 RACH failure in an SCG SCell other than the special SCell shall not be considered as S-RLF.
So summarize, we illustrate the existing RLF and new S-RLF procedures (with respect to both previous agreements and proposals in this contribution) in a flow chart given in Annex B.
4 Conclusion
With regards to SCG failure handling in dual connectivity as discussed above we make the following proposals: 
Proposal 1
Secondary radio link monitoring (S-RLM) shall be supported by the UE to detect PHY failure of the special SCG cell.
Proposal 2
S-RLM shall reuse the existing RLM detection functionality, i.e. be based on a new RLF timer with configurable S-T310, S-N310, S-N311.
Proposal 3
PHY failure of the special SCG cell, as detected by S-RLM, shall also be indicated by the UE to the MeNB.
Proposal 4
Secondary Radio Link Failure (S-RLF) failure denotes one of the following three radio link failure types: RACH failure towards the special SCG cell, RLC failure associated with any of the SCG cells, or PHY failure of the special SCG cell as detected by S-RLM.
Proposal 5
Introduce new RRC procedure S-RLF Indication which is sent from UE to E-UTRAN (MeNB) and contains at least the S-RLF failure type.
Proposal 6
In case of RLC failure, the S-RLF Indication shall also contain the logical channel identifier of the failing RLC.
Proposal 7
RACH failure in an SCG SCell other than the special SCell shall not be considered as S-RLF.
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6 Annex A: RRC Secondary Radio Link Failure procedure
Similarly to the current RRC protocol [1], Section 5.3.11 “Radio link failure related actions”, a new section called “Secondary radio link failure related actions” can be added. The timer and counter names S-T310, S-N310, S-N311 are just illustrative; they have the same functionality as the original T310, N310, N311, but relate the secondary (S) radio link. They may be renamed appropriately at a later stage.
5.3.11.3
Detection of radio link failure

The UE shall:

1>
upon T310 expiry; or

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

1>
upon indication from RLC associated with an MCG bearer that the maximum number of retransmissions has been reached:

2>
consider radio link failure to be detected;

[…]
NOTE:
MAC associated with the MCG indicates random access problem only for the PCell.

5.3.15
Secondary radio link failure related actions

5.3.15.1
Detection of physical layer problems of special SCG cell in RRC_CONNECTED

The UE shall:

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

2>
start timer S-T310;

NOTE:
Physical layer monitoring and related autonomous actions do not apply to SCells other than the special SCG cell.

5.3.15.2
Recovery of physical layer problems

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

1>
stop timer S-T310;

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.

5.3.15.3
Detection of secondary radio link failure

The UE shall:

1>
upon S-T310 expiry; or

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

1>
upon indication from RLC associated with SCG bearer that the maximum number of retransmissions has been reached:

2>
consider secondary radio link failure to be detected;

2>
stop all uplink transmissions to any SCG cell

2> Prepare S-RLF Indication message:


3> set the s-rlfCause to the secondary radio link failure cause that triggered this procedure.


3> if s-rlfCause is RLC failure


4> include the logicalChannelIdentity of the RLC entity


3> optionally, include optional fields such as: measurementResults of the special SCG cell, locationInfo, timestamp, etc.
2> Submit the S-RLF Indication message to lower layers for transmission, upon which the procedure ends;
NOTE:
MAC associated with the SCG indicates random access problem only for the special SCell.

7 Annex B: Overview of RLF and S-RLF

In the following Figure 2 we summarize RLF and S-RLF causes and corresponding procedure.
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Figure 2: RLF and S-RLF procedure.
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