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1 	Introduction
The purpose of RRC reestablishment procedure is to bring UE back to its previous RRC CONNECTED state after a radio link failure or HO failure. However, for certain cases when UE suffers a temporary radio link quality issue and comes back to the same cell (which was its previous serving cell), the RRC reestablishment and reconfiguration procedure is an overkill as it involves additional signalling overhead and has unnecessarily constrained the UE from resuming its normal RRC CONNECTED mode operations promptly.
In this paper, we analyse this problem and propose two alternative ways to address this issue.
2	Discussions
2.1 	Problems with RLF for RRC_CONNECTED UE
When RRC_CONNECTED UE encounters a radio link failure (e.g. due to physical layer problem “T310 expiry”, or random access retries reaching the maximum limit) or HO failure, the UE will initiate the RRC re-establishment procedure, according to TS 38.331[1]. If a suitable PCell is found (i.e. during connection re-establishment cell selection), the UE exchanges sequence of RRC messages with the network to resume the connection as show in Figure 1. During this time interval, the UE’s user-plane data transfer with the network in both Uplink and Downlink is suspended.  
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Figure 1. Legacy RLF recovery procedures 
For a UE to go through this normal connection re-establishment path, as indicated in Figure 1, the user plane operation outage interval can be as long as 26ms, which is made up of:
· 10ms, based on RRC processing delay requirements for “Reestablishment – ReestablishmentComplete” procedure
· 16ms, based on RRC processing delay requirements for “RRCReconfiguration – RRCReconfigurationComplete” procedure
The latency values are as defined by the different processing delay requirements for RRC signaling as specified in TS 38.331 [1].
The motivation behind RRC reestablishment is trying to keep UE in RRC_CONNECTED state by restoring the connection as quick as possible, as NW side may not even be aware of RLF occurrence yet and still have an active UE context. 
Observation 1 	Shorten the total delay of the whole RRC Reestablishment procedure is desirable.
However, one of the reasons for such long processing delay is that the UE needs a dedicated RRC Reconfiguration follow-up with RRC reestablishment.  UE is forced to release its current active configurations when RLF occurs. This will not help to restore the UE to the prior running state quickly, as all those configurations has to be reconfigured again by NW. Given that Rel-16 RRC_INACTIVE UE can even keep its SCell and SCG configurations in the UE Inactive Context, it seems inconsistent to mandate a UE which is literally still in RRC_CONNECTED state to release those configurations prematurely when RLF happens. Also, releasing the L1 configuration in UE side will cause a double RACH issue [2] because there may be no SR configuration for UE to send RRC Reestablishment Complete message.
Observation 2 	It is an overkill to force RRC_CONNECTED UE to release UE configuration when RRC reestablishment procedure is initiated.
Also, in many RLF cases, the RRC_CONNECTED UE may experience "RLF" due to a ”transient” out-of-coverage scenario, where UE is temporally entering an area having no coverage. This would be very common in day-to-day scenarios, like
· Entering an elevator / subway / tunnel / house basement
· Fast Fading
Once the temporary out-of-coverage scenario is over (i.e. the user came out of the house basement, or exits the elevator), during the connection re-establishment  & cell selection procedure, the UE may re-select with a very high probability the same PCell it was camped on before "RLF” happened. 
Note that in this case, as UE selects the same PCell, both UE and gNB could have kept the previous configuration.  For example, it is unnecessary for the UE to drop the SCG and SCell configurations immediately after RLF is declared. On the contrary, if the UE can re-use the prior configuration, then the connection can be reestablished much faster with less RRC signaling message being exchanged, and the outage interval caused by RLF or HO failure and subsequent recovery can also be reduced. 
Observation 3	When UE selects the same cell after RLF, re-using prior configuration can help to reduce both signalling overhead and service outage duration.
Consider CHO based recovery after a failed handover (HOF) or  due to RLF after receiving CHO configuration, the UE can easily apply the pre-stored configuration (by executing the CHO) if the selected cell during connection re-establishment is one of the candidate neighbor cells configured in CHO. This was agreed for Rel-16 in RAN2#109-e [3]. However, if UE selects the source cell during the reestablishment, it will not be able to simply execute a restoration and has to go through the legacy lengthy procedure and wait for the source cell to reconfigure the UE. 
Observation 4	If CHO is configured, RRC Reestablishment procedure allow fast recovery to candidate neighbour cells but not to the source cell.
According to [1], UE would revert back to the UE configuration used in the source PCell after T304 expiry, if DAPS is not configured. Therefore, UE shall store configuration in source cell after handover execution.
Observation 5: UE shall store UE configuration in source cell after handover execution.
Based on the above analysis, it has been obvious that the RRC reestablishment procedure is not well suited for all the NR failure scenarios. To improve the UE and NW performance, it is important to consider enhancing RRC to reduce the interruption time and reduce the RRC signalling overhead. Hence, we propose:
Proposal 1 	RAN2 to consider the enhancement on the RRC Reestablishment procedure to reduce the interruption time and reduce the RRC signalling overhead, especially for the case that UE selects the same (source) PCell during connection reestablishment.
2.2 	Proposed Solutions
If part or whole RRC Re-establishment procedure (as shown in Figure 1) can be somehow bypassed, then the service outage interval could be significantly reduced. From this perspective, there are two alternative ways to expedite the RRC reestablishment procedures if UE selects the same PCell after RLF or HOF. 
· Option 1: Make RRC Reestablishment after RLF or HO failure more like CHO (Conditional Handover) execution during connection establishment procedure.
· Option 2: Make RRC Reestablishment after RLF or HO failure more like RRC resume procedure.
2.2.1 	Option 1
In this option, we think that the UE selection of the same PCell prior to RLF or HO failure can be handled similarly to CHO execution during Connection Reestablishment procedure. 
This can be achieved by enhance the RRCReconfiguration to include a new IE for “Fast RLF recovery configuration”. The IE is equivalent to a RRCReconfiguration air message which is to be applied later if the “same PCell” condition matches (i.e., the same PCell prior RLF or HO failure is selected during the Connection Reestablishment procedure). This IE can be almost empty as the expected configuration would be identical to UE’s current active configuration but including some basic content (e.g., security configurations (NCC), dedicated RACH, …). Alternatively, the IE can also include delta on the current RRC configurations, similar to CHO.
As shown in Figure 2, the enhanced fast RLF recovery procedure can be described as follow:
· If both UE and NW supports this R17 Fast RLF Recovery feature, the RRCReconfiguration message from its serving gNB contains the “Fast RLF recovery configuration” that indicates the content as described above, as similar to CHO configuration. 
· When RLF or HO failure occurs, the UE suspend the RBs but doesn’t release the RRC configurations, it will initiate the cell selection while T311 is running.
· If the UE selected the same PCell which it was camped on prior to RLF or HO Failure, it will then execute an RRC reconfiguration based on the contents in “Fast RLF recovery configuration“ IE and resume all RBs. 
· Finally, In the RRCReconfigurationComplete message, the UE may indicate to the Network to confirm the recovery and also optinally include the availability of RLF or HO Failure occurrence in an RLF/CEF report, for the sake of SON/MDT.
· When NW receives the RRCReconfigurationComplete message, it will identify the UE context and re-align the configurations for this UE according to the previously configured “Fast RLF recovery configuration”.
· From this point onwards, the user plane operation can be resumed.
The above procedure can also be applied to the HO failure case when UE revert back to its source PCell configuration, as specified in 5.3.5.8.3 in TS 38.331 [1].
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Figure 2.  Option 1 Signalling Diagram

2.2.2 	Option 2
In Option 2, we try to address the problem by treating it like a RRC resume problem so that the NW can skip reconfiguration phase and reduce latency and signalling overhead.
Assuming Rel-17 UE and gNB supports fast RLF recovery,  gNB can first indicates to the UE that fast recovery is allowed with an indication in RRCReconfiguration or in SIB.
As shown in Figure 3, when RLF is detected,  the UE still keeps and stores its prior configurations while searching for a suitable cell. After camping on a cell, the UE sends a RRCReestablishmentRequest as usual, including its C-RNTI and other IEs specified in TS 38.331.
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Figure 3.  Option 2 Signalling Diagram
After receiving the UE RRCReestablishmentRequest, the gNB realized that RLF has occurred at the UE side. Then gNB need determine if the prior configuration can be restored by UE itself w/o dedicated RRC reconfiguration. 
· If the UE camps on the same cell before RLF, then gNB deems the fast RLF recovery feasible and will send RRCReestablishment message to the UE, which includes a Fast-recovery-trigger indication to trigger UE to restore its prior configurations. This message also carries the NCC value and is still transmitted in SRB1 with integrity protection  After receiving the RRCReestablishment message, the UE will then restore all the prior configurations and resume SRB2 and all DRBs, just similar to what UE does for RRC Resume. After that, it sends RRCReestablishmentComplete message to the NW. 
· If the gNB is not UE’s previous serving gNB or gNB does not want UE to use its prior configuration,  the gNB can send RRCReestablishment without the Fast-recovery-trigger, then the UE shall drop the stored prior configuration and the legacy procedure in Figure 1 can continue.
2.2.3 	Summary
Both the above options can help to achieve fast RLF recovery, as both would require UE to keep a prior-RLF or HO failure configuration so that it can be restored conveniently to save both RRC signalling and connection re-establishment time. In RRC,  the change is needed on the UE side to postpone its RRC configuration release during the RRC reestablishment procedure. To be more specific,  the following steps in Section 5.3.7.2 of TS 38.331 shall be postponed and that those configurations can be stored by UE during the RRC reestablishment process:
	2> reset MAC;
2> release spCellConfig, if configured;
2> suspend all RBs, and BH RLC channels for IAB-MT, except SRB0; 
2> release the MCG SCell(s), if configured;
… …



Proposal 2 	UE is allowed to keep its RRC configuration during cell selection while T311 is running.
From NW perspective, it may be too much burden for gNB to keep UE’s configuration during the entire reestablishment. The maximum time of UE losing connection with source cell could be up to 50 seconds. If gNB releases UE’s configuration before reestablishment is completed, UE shall also release stored configuration and fall back into legacy reestablishment procedure. To keep the aligned understanding between UE and gNB, maybe a new timer is needed to control whether UE shall release the stored configuration. The new timer could be started upon UE losing connection with source cell, i.e. RLF or handover. Once this timer expires, the UE will always follow the legacy procedure as depicted in Figure 1 for RRC reestablishment. 
Proposal 3	A NW-configured timer is introduced to control how long UE shall store source configuration after losing connection with source cell, i.e. handover execution or RLF.
The difference between Option 1 and Option 2 is that UE in Option 1 would restore and execute a prior stored configuration (similar to CHO). For Option 2, UE will still seek NW approval first before restoring the prior configurations. UE will then follow the NW command to decide whether to restore or drop the previous RRC configuration. We think neither option is complicated. Both are quite straight forward and can be done with  limited changes in RRC specification, as provided in draft CRs[3][4]. RAN2 can discuss which option is preferred or whether both can be supported in Rel-17.
Proposal 4	RAN2 discuss which of the above option (1 or 2 or both) can be used to enable fast RLF recovery for RRC_CONNECTED UE.
3	Conclusion
In this paper, we have investigated the ways to allow UE to recover from RLF faster, and have the following observations.
Observation 1 	Shorten the total delay of the whole RRC Reestablishment procedure is desirable.
Observation 2 	It is an overkill to force RRC_CONNECTED UE to release UE configuration when RRC reestablishment procedure is initiated.
Observation 3	When UE selects the same cell after RLF, re-using prior configuration can help to reduce both signalling overhead and service outage duration.
Observation 4	If CHO is configured, RRC Reestablishment procedure allow fast recovery to candidate neighbour cells but not in the source cell.
Observation 5: UE shall store configuration in source cell after handover execution.
Then, we have the following proposals:
Proposal 1 	RAN2 to consider the enhancement on the RRC Reestablishment procedure to reduce the interruption time and reduce the RRC signalling overhead, especially for the case that UE selects the same (source) PCell during connection reestablishment.
Proposal 2 	UE is allowed to keep its RRC configuration during cell selection while T311 is running.
Proposal 3	A NW-configured timer is introduced to control how long UE shall store source configuration after losing connection with source cell, i.e. handover execution or RLF.
Proposal 4	RAN2 discuss which of the above option (1 or 2 or both) can be used to enable fast RLF recovery for RRC_CONNECTED UE.
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