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1 Introduction
The discussion on Secondary Radio Link Monitoring (S-RLM) and Secondary Radio Link Failure (S-RLF) progressed well during the last two RAN2 meetings with the following agreements:

	Agreements RAN2#85bis
1
UE initiated random access is only supported to the special SCell but not for other SCells of the SCG. 

2
When there is RACH failure associated with SCells in SCG other than special SCell, UE does not report such failure to MeNB, and UE does not stop UL transmissions towards SeNB.



	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.



	Agreements RAN2#86

3:
As a starting point, introduce a single new section covering all SCG reconfigurations: “regular”, “synchronous” and “SCG Change” (i.e. a synchronous SCG reconfiguration involving release and addition of the same or a different SCG).

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 further details of S-RLM, as well as details of RRC procedure for S-RLF. 
2 Implementation of S-RLM
It had been agreed that the UE shall perform radio link monitoring of the special SCell (PSCell), which is denoted as secondary radio link monitoring (S-RLM), in order to detect PHY failure. When introducing this feature of S-RLM the current specifications of RLM should be reused as much as possible. 

In current RLM, PHY failure of the PCell is detected in RRC when timer T310 expires, which is started after receiving N310 consecutive “out of synch” indications from the PHY. The timer T310 may be stopped when receiving N311 consecutive “in synch” indications from PHY. This behavior is illustrated in Figure 1.
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Figure 1: Illustration of current RLM.
For the current RLM, RRC receives indications of “out of synch” and “in synch” from PHY related to measurements of the PCell. For S-RLM, however, these indications would relate to measurements of the PSCell. 

The new S-RLM functionality in RRC should be independent of the current RLM functionality. For this purpose a new timer needs to be introduces, as discussed in [2]. We call this new S-RLM timer T313 (first free timer name in current specification). As per agreement, the functionality of this timer should be the same as for the RLM timer T310, i.e. starting and stopping conditions shall be the same, but related to PSCell indications. 

It should be possible to configure this new timer T313 with a different expiry time value than the original timer T310 to account for the different purpose of the new timer, which will e.g. not lead to reestablishment, and thus could be regarded as less critical and may use a shorter expiry time. 

The starting and stopping of the new timer T313 could also be triggered similarly as T310, i.e. based on counters of “out of synch” (N310) and “in synch” (N311) indications from PHY. Also for this functionality, different counter values should be configurable for start and stop of T313 than for T310 to account for the different purpose of the timer. We propose to call these new counters N313 for the starting and N314 for stopping criterion. 

Example: an operator wanting to configure the most conservative RLM settings (e.g. T310=2s and N310=20) to avoid premature declaration of RLF and reestablishment, would not want that the same conservative settings are also applied to S-RLM, since the operator would want to detect S-RLF of the secondary radio link reliably but as soon as possible.

In Figure 2 the usage of the separate S-RLM timer T313 together with N313 and N314 is illustrated.
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Figure 2: Illustration of proposed new S-RLM.
Given the discussion above we propose the following for the implementation of S-RLM:

Proposal 1 S-RLM shall be based on a new independent timer T313 with configurable expiry time. Starting and stopping of T313 is based on out-of-sync and in-synch indications from lower layer associated with PSCell measurements.

Proposal 2 The starting of T313 is based on a new configurable counter N313 for out-of-synch indications. Likewise, the stopping is based on new configurable counter N314 for in-synch indications.  
3 S-RLF procedure
To handle Secondary Radio Link Failure (S-RLF) it had been agreed to use a separate RRC message/procedure. This procedure would be triggered by all three agreed S-RLF causes: PSCell PHY failure (by S-RLM), PSCell RACH failure and SCG RLC failure. 






Figure 3: Actions upon S-RLF: S-RLF Indication, followed by RRCConnectionReconfiguration.
After triggering S-RLF, the UE submits the RRC message S-RLF Indication to E-UTRAN (MeNB where RRC is terminated) as shown in Figure 3. As agreed, the content of this new indication covers at least the trigger type, i.e. the S-RLF cause (RACH, RLC and PHY). 
In RAN2#85bis it was left for further discussion which other information this message should contain: for robustness optimization purposes (SON aspects) the message may also include detailed information about the failure such as measurement results for the PSCell. However, since the S-RLF indication can be regarded as critical message unnecessary information should be avoided. Measurement results for example could be obtained by the MeNB by legacy measurement reporting instead.

Proposal 3 Introduce new RRC message “S-RLF Indication” to inform E-UTRAN about S-RLF and the S-RLF failure cause, without further information.
Furthermore, after triggering S-RLF the UE needs to take actions to suspend UL transmissions and downlink monitoring on SCG while maintaining the connection to the MeNB, as agreed. How this can be achieved is discussed in the Section 3.1. Eventually, the UE receives the RRCConnectionReconfiguration message from the MeNB. This is further described in Section 3.2.

As a starting point to design the S-RLF procedure we can refer to the current re-establishment procedure. There, with respect to the user plane, when detecting RLF, the UE: 

· suspends DRB
· resets MAC
Afterwards, when the UE receives the first RRCConnectionReconfiguration after successful re-establishment in a new cell, the UE:

· re-establishes PDCP

· re-establishes RLC

· resumes DRB

Obviously, a different behaviour needs to be defined for S-RLF than for the current re-establishment procedure, and it needs to be differentiated between SCG bearers and split bearer. Nevertheless, a two-step approach like in re-establishment can also be applied in S-RLF, as outlined in the next two sections.

3.1 UE actions after triggering S-RLF

As agreed the UE should stop UL transmissions and PDCCH monitoring on any SCG cell when S-RLF is detected. Applying this to the RRC specification, in accordance to the current re-establishment procedure, the UE could apply the following actions when triggering S-RLF:

· Suspend SCG DRB (RLC and PDCP)

· Suspend SCG RLC of split DRB

· Maintain PDCP operation of split DRB

· If UL data transfer is configured via SCG, UL operation of PDCP is suspended. 

· Reset MAC associated with the SCG. 

This way, UL transmissions to any SCG cell are avoided, since SCG RLCs are suspended and MAC is reset. We believe that the stopping of PDCCH monitoring on SCG can be left to UE implementation. It is not necessary until reception of the RRConnectionReconfiguration (via MCG), as discussed in the next section. 
Proposal 4 When triggering S-RLF, for SCG bearer, UE suspends associated RLC and PDCP.

Proposal 5 When triggering S-RLF, for split bearer, UE suspends SCG RLC, maintains operation of DL PDCP, and suspends UL PDCP if data transfer configured via SCG. 

Proposal 6 When triggering S-RLF, for both SCG and split bearers, UE resets SCG MAC.

3.2 Reception of RRCConnectionReconfiguration after S-RLF 

How the UE reacts after receiving the first RRCConnectionReconfiguration after triggered S-RLF is discussed in [4], along with other RRC procedures. In this scenario we propose to also use the new SCG change procedure as agreed in RAN2#86.
Proposal 7 New “SCG change” RRC reconfiguration procedure is used after UE had triggered S-RLF.
4 Conclusion

In the previous sections we discussed implementation details of S-RLM and S-RLF resulting in the following proposals:

Proposal 1
S-RLM shall be based on a new independent timer T313 with configurable expiry time. Starting and stopping of T313 is based on out-of-sync and in-synch indications from lower layer associated with PSCell measurements.
Proposal 2
The starting of T313 is based on a new configurable counter N313 for out-of-synch indications. Likewise, the stopping is based on new configurable counter N314 for in-synch indications.
Proposal 3
Introduce new RRC message “S-RLF Indication” to inform E-UTRAN about S-RLF and the S-RLF failure cause, without further information.
Proposal 4
When triggering S-RLF, for SCG bearer, UE suspends associated RLC and PDCP.
Proposal 5
When triggering S-RLF, for split bearer, UE suspends SCG RLC, maintains operation of DL PDCP, and suspends UL PDCP if data transfer configured via SCG.
Proposal 6
When triggering S-RLF, for both SCG and split bearers, UE resets SCG MAC.
Proposal 7
New “SCG change” RRC reconfiguration procedure is used after UE had triggered S-RLF.
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