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1	Introduction
In RAN2#107 it was agreed to support a T312 mechanism (similar to LTE) in NR (see the agreement box below). In this contribution we will discuss potential enhancements and extensions for T312, as well as further acceleration of RLF recovery.
	Agreements
1	Support T312 mechanism (similar to LTE). At least applicable for PCell
FFS Whether this is applicable for PSCell.



2	T312 in LTE
In LTE, T312 can be configured for measurement events such as A3. When configured, T312 is started when such an event triggers a measurement report, but only if T310 is already running. Expiry of T312 stops T310 and the UE declares RLF immediately. T312 is stopped if a handover command is received (or when N311 in-syncs are received).
T312 would be configured with a value representing the time period within which the UE typically receives a handover command from the network. If the handover command is not received, the UE assumes that either the measurement report or the handover command got lost, both cases would make it very unlikely to recover within T310 from the radio problem that has started T310. Therefore, the T312 feature was also called “early T310 expiry”.
3	T312 Enhancements in NR
It was mentioned by several companies, that the T312 benefits (shorter interruption through earlier RLF declaration) are not leveraged when the radio problem is detected (and T310 is started) shortly after a measurement report was sent.
Removing the independence of T310 entirely was not considered to be a viable option since this would take away too much network control; without radio problem, the UE should not declare RLF (the network may decide not to send a handover command). We see two options to obtain the T312 benefits when T310 is only started shortly after measurement report:
· Option 1: Initially, “shortly after” has to be quantified, i.e. a new timer T3xx has to be introduced: 
· T3xx would be started when a measurement report is triggered and T310 is NOT running 
(instead of T312)
· If a radio problem is detected (i.e. T310 is started) while T3xx is running, T312 is started 
(along with T310), and T3xx is stopped.
· If T3xx expires (i.e. no radio problem during T3xx), no action is taken.
· T3xx is stopped when Handover Command is received
· The T312 behavior is left unchanged (other than its start)
· Option 2: We can also avoid the introduction of a new timer:
· T312 would be started when any measurement report is triggered by the corresponding event, initially independent of a radio problem / T310, i.e. even if T310 is not running.
· If T312 expires AND T310 has been started in the meantime, RLF is declared
· If T312 expires and T310 has not been started, no action is taken.
· T312 is stopped as today (handover command is received or N311 in-syncs are received)
For option 2, RLF would be declared a bit earlier than for option 1 which looks intuitive, since a running T310 indicates high likelihood for lost RRC signalling. Furthermore, option 2 does not require a new timer which makes the solution simpler.
Proposal 1: T312 shall be started independent of T310, but expiry of T312 shall only declare RLF if T310 is running at this point in time.
4	T312 for CHO
We would like to emphasize that T312 is defined for measurement events, and not necessarily for legacy handover.
Furthermore, even for CHO with early preparation of the target candidates, our simulations have shown that there is even residual risk of too late preparation. More precisely, the channel may degrade so fast, that either the measurement report or the CHO Command (i.e. the RRC reconfiguration carrying the CHO configuration) is lost. Hence, we believe that T312 is inherently applicable and helpful to CHO preparation as well. We only need to clarify that T312 is also stopped by CHO command, in addition to the legacy HO Command.
Proposal 2: T312 is also applicable to CHO preparation. RAN2 needs to clarify that RRC Reconfiguration carrying CHO Command stops T312.
For the sake of completeness, we should also discuss whether T312 is also applicable to the execution condition. In RAN2#107 it was agreed that no measurement report (“bye message”) is sent when the execution condition expires. Anyway, the proposals for the bye message didn’t involve a response of the network. Thereby, we conclude that T312 is not applicable to the execution condition.
Proposal 3: Event that triggers the CHO execution does not initiate timer T312.
5	T312 for PSCell
This aspect raised in RAN2#107 addresses PSCell change. On one hand, the RRC signalling (measurement report and RRC reconfigurations) would be handled by MN which typically does not suffer radio risk due to PSCell change. In these cases, T312 would be always stopped, so the benefit is questionable. 
In some cases, the RRC signalling is handled directly with the SN (via SRB3, SN-initiated and intra-SN PSCell change). In these cases, there are the same radio risks for the RRC signalling as for a single-connected handover, and thereby, T312 may help.
We would like to emphasize again, that T312 is configured for measurement events. So just as in the preceding section, it does not require a lot of effort to allow T312 for PSCell changes. It only needs to be clarified that the RRC reconfiguration for the PSCell change would stop T312.
Proposal 4: T312 can be also applicable to PSCell change. RAN2 needs to clarify that the RRC reconfiguration for the PSCell change stops T312.
6	Simultaneous recovery and re-establishment
The goal of T312 is to shorten the interruption caused by a failure. With the solution for reducing the user data interruption time (RUDI), we have UEs supporting dual active protocol stacks (DAPS), as well as two transmitters and receivers. In this section we will propose a simple method which, by exploiting this fact, further shortens the interruption caused by a failure.
Today, RRC connection re-establishment is only started after a Radio Link Failure (RLF) or a Handover failure (HoF). After these failures, the UE completely detaches from the source cell and starts cell selection, synchronization, system information reading and random access with the new target. Data transmission can only be resumed after all this is completed. With conventional UEs, the process cannot be started earlier since the UE is still supposed to try recovering in the old cell (e.g. during T310) or completing the access (e.g. during T304) to avoid an unnecessary re-establishment (“false alarm”). We illustrate this sequential behaviour by help of radio link failure in Figure 1. The figure is taken from TS 36.300, T1 represents T310, the yellow part represents the re-establishment phase.


[bookmark: _Ref14693966]Figure 1 Convention RLF detection
However, having RUDI-capable UEs (with two receivers), it might be easy to initiate the re-establishment earlier, i.e. while the UE is still trying to recover in the former cell. This may save several tens of milliseconds of the usual interruption time.
Observation 1: RUDI capable UEs have two receivers, and thus could start RRC connection re-establishment before detaching from the former cell when declaring RLF or HoF. This could save tens of milliseconds (cell selection, synchronization, system information reading and random access).
Again, using the example of RLF through T310 expiry, we illustrate the proposed behaviour with earlier re-establishment in Figure 2.
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[bookmark: _Ref14694195]Figure 2 RLF detection with early re-establishment
Re-establishment shall not be completed before the failure is declared. In this case, the chances to recover in the former cell are not impacted, i.e. there is no unnecessary interruption due to re-establishment.
Of course, it may happen that early re-establishment is initiated, but the UE recovers in the former cell afterwards. In this case, the early re-establishment still has no direct impact on user perception, but obviously has caused unnecessary overhead. Nevertheless, such an unnecessary early re-establishment should be a very rare event, and this price seems to be cheap compared with saving tens of milliseconds with each and every re-establishment triggered late (i.e. in the legacy way). 
Proposal 5: RAN2 considers allowing RUDI capable UEs to initiate RRC connection re-establishment before RLF or HoF is declared. Details are FFS.
7	Conclusion
This paper discussed T312 related aspects. The following proposals have been made: 
Proposal 1: T312 shall be started independent of T310, but expiry of T312 shall only declare RLF if T310 is running at this point in time.
Proposal 2: T312 is also applicable to CHO preparation. RAN2 needs to clarify that RRC Reconfiguration carrying CHO Command stops T312.
Proposal 3: Event that triggers the CHO execution does not initiate timer T312.
Proposal 4: T312 can be also applicable to PSCell change. RAN2 needs to clarify that the RRC reconfiguration for the PSCell change stops T312.
Observation 1: RUDI capable UEs have two receivers, and thus could start RRC connection re-establishment before detaching from the former cell when declaring RLF or HoF. This could save tens of milliseconds (cell selection, synchronization, system information reading and random access).
Proposal 5: RAN2 considers allowing RUDI capable UEs to initiate RRC connection re-establishment before RLF or HoF is declared. Details are FFS.
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