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1 Introduction
In the RAN2#105 meeting, the following agreements were made:

Agreements
1. [bookmark: _Ref11757038]MCG failure can be indicated to the network via the SCG. FFS if via SCells. 
2. [bookmark: _Ref11758966]FFS how the failure is indicated, which SRBs, and which failure case the fast MCG failure recovery.  
3. [bookmark: _Ref11758976]We will aim to have a unified solution for the failure cases that we want to address. 

There is still an FFS whether MCG failure recovery is supported also for SCells. For the same reasons that MCG failure recovery is introduced via SCG, recovery via SCells can help to reduce UE outage time after PCell failure, by letting the UE inform the network of the PCell failure via the SCell.
2 [bookmark: _Ref178064866]Discussion
In this paper we consider the case where CA is configured, but no SCG, i.e. there is only MCG. 
At RRC connection establishment/re-establishment/handover, one serving cell provides the NAS mobility information, and at RRC connection re-establishment/handover, one serving cell provides the security input. This cell is referred to as the Primary Cell (PCell). Depending on UE capabilities, Secondary Cells (SCells) can be configured to form together with the PCell a set of serving cells. The configured set of serving cells for a UE therefore always consists of one PCell and one or more SCells.
In addition to what has been described above, different principles apply to the PCell and SCell. In particular, we have:
· PCell can only be changed with reconfiguration with sync procedure (i.e. with or without security key change and with RACH procedure);
· Unlike SCells, PCell cannot be de-activated;
· Re-establishment is triggered when PCell experiences RLF, not when SCells experience RLF;
· RLM is performed only on the PCell.
Thus, when a radio link failure is detected on the PCell, based on the current specification in 3GPP TS 38.331 this will trigger RRC connection re-establishment with a consequent connection interruption. However, when considering use cases with stringent requirements in terms of reliability and latency, e.g., URLLC, triggering RRC connection re-establishment would cause an interruption time that may not be tolerable. 
[bookmark: _Toc7707492][bookmark: _Toc7707513][bookmark: _Toc16674836]For use cases such as URLLC, when experiencing RLF on the PCell, triggering RRC connection re-establishment would cause an interruption time that may not be tolerable.
To avoid the interruption in the connectivity, for a UE configured with CA, a straightforward solution would be to let the UE transmit a report (e.g. FailureInformation message) via the SCell to the network that can then take the necessary actions and possibly avoid the RRC connection re-establishment procedure. In addition, this solution allows an alignment with the agreements made in RAN2#99 meeting where for a logical channel restricted to SCell(s) only, the UE reports the failure to the gNB via the failure information procedure, but does not trigger RRC re-establishment. 
Since communication via the PCell may not succeed after detection of PCell RLF, a prerequisite for the failure reporting via SCell is that at least one of the configured SCells need to be configured with PUCCH/PDCCH resources, to support UL scheduling request, DL scheduling assignment and HARQ signaling even with failed PCell, such that the UE can send the FailureInformation message and receive the RRC reconfiguration with sync message via SCell after the PCell RLF. Thus, we propose:
[bookmark: _Toc7707496][bookmark: _Toc16773017]In case of CA (with no SCG), when a radio link failure is experienced on the PCell, the UE adopts a failure recovery solution by sending an indication to the network via the SCell.
[bookmark: _Toc16773018]PCell RLF reporting via SCell is supported when the UE is configured with PUCCH/PDCCH resources on the SCell.
2.2	RRC procedure to report failure
The new MCG failure information procedure which is currently being specified for MR-DC could be considered as basis for the failure reporting procedure. However, that procedure like the SCG failure information procedure will be defined only for the MR-DC case, including suspension of the whole MCG, reset of MCG-MAC and stopping of T304. From a specification point of view, it makes more sense to take the current Failure information procedure as basis, which is supported also for the case of CA in single cell group.
[bookmark: _Toc16773019][bookmark: _Toc7707497]The existing FailureInformation message is extended for indicating radio link failure on the PCell for CA when MR-DC is not configured.
[bookmark: _Toc16773020]MCG/SCG failure information procedures are only used for MR-DC
2.3	Failure cases to report
2.3.1	Detection of physical layer problems
Physical layer problems on the PCell are detected in the UE upon receiving N310 consecutive “out-of-sync” indications from the lower layers, referred to as radio problem detection in Figure 1 [4]. According to current specifications, the UE then starts T310. During T310 (T1 in figure), the UE lower layers will try to recover by regaining sync. If during this time N310 consecutive “in-sync” indications are received from lower layers, the UE will stop T310 for the PCell and resume normal operation. However, if recovery is not successful and T310 expires, the UE will declare radio link failure and trigger cell selection and the RRC connection re-configuration procedure. Since performing cell selection and RRC re-establishment cause a significant outage time for the UE, during which communication with the network is not possible, T310 is typically set conservatively (e.g. 1-2 seconds) to avoid premature detection of RLF. This means that for the cases where the UE is not able to recover the connection by itself, recovery by means of RRC re-establishment will cause a rather long interruption.

[bookmark: _Ref16067629]Figure 1: Radio Link Failure
One issue with this behavior is that the network is not aware of ongoing physical layer problems in the UE until it triggers RRC connection re-establishment. For the case where the UE is configured with CA, with an SCell configured with PDCCH/PUCCH resources or SRB1 configured with CA duplication, the UE could communicate with the network also during times of PCell out-of-sync. This would allow the UE to send the FailureInformation message to the network, as an indication of ongoing physical layer problems in the UE. By including measurement information in the FailureInformation message, the network can use this information to prepare RRC reconfiguration with sync, in case it is possible to e.g. change the PCell. In case the network is not able to provide the UE with a better configuration, or the UE does not succeed to deliver the FailureInformation message to the network, the UE will declare radio link failure and trigger the RRC connection re-establishment procedure as in legacy once T310 expires. In this way, the transmission of the FailureInformation message does not prolong the RRC connection re-establishment procedure, but in case the network can provide a better configuration for the UE, the interruption time can be reduced.
[bookmark: _Toc16674837]The interruption time caused by physical layer problems can be reduced significantly by introducing the possibility for a UE to inform the network of ongoing physical layer problems while T310 is running.
[bookmark: _Toc16773021]A UE configured with SCell with PDCCH/PUCCH resources or SRB1 configured with CA duplication transmits FailureInformation during the recovery time after radio problem has been detected (T310 running) to inform network of ongoing physical layer problems in the UE.
The sending of the FailureInformation message can be controlled by a new timer, started at the same time as T310. Once the new timer expires, the UE sends the FailureInformation message to inform the network of the ongoing physical layer problems it is experiencing. The new timer should be set shorter than T310 to allow time for the sending of the FailureInformation and for the network to respond with a reconfiguration with sync. 
[bookmark: _Toc16773022]A new timer is introduced to control the sending of FailureInformation. The new timer is started at the same time as T310 and FailureInformation is transmitted when the new timer expires.
The FailureInformation message should also be extended to contain the latest measurement results that are available in the UE, such that the network can use this information when deciding a new configuration for the UE. 
[bookmark: _Toc16773023]The FailureInformation message is extended to include the latest available measurement results available in the UE.
Upon receiving the failure report from the UE, the network can take appropriate action to reconfigure the UE to resolve the physical layer problem. The measurement information provided by the UE can be used to e.g. change the PCell by RRC reconfiguration with sync.
To illustrate the required specification changes needed, we have provided a separate draft CR to 38.331 [5].
2.3.2	Random access problem
Random access problem is indicated by MAC when random access preamble transmission has reached the maximum number of transmissions for SpCell. For PCell, this will cause the UE to determine MCG RLF and trigger the RRC connection re-establishment procedure if AS security is activated and SRB2 and at least one DRB is established, unless certain RRC procedures are pending (RRC connection establishment/re-establishment/resume, RRC reconfiguration with sync or cell (re)selection).
For a UE configured with CA, instead of triggering RRC connection re-establishment immediately upon detecting random access problem as described above, recovery could be faster in case the UE retries random access on one of the configured SCells, and transmits FailureInformation in order to inform the network about the random access problem. 
[bookmark: _Toc16674838]Recovery from random access problem on PCell could be improved by letting the UE retry random access and transmit FailureInformation on one of the configured SCells.
However, in case this recovery from random access problem via SCell fails, it could result in a longer recovery time compared to legacy cell re-selection and RRC re-establishment. This is different compared to the case in 2.3.1, where the added functionality does not affect the normal RLF behavior in case T310 expires, but it adds the possibility for the network to react quicker to physical layer problems detected by the UE.
[bookmark: _Toc16674839]In case recovery from random access problem via SCell fails, it could lead to a longer recovery time compared to legacy RRC re-establishment.
Consequently, we propose RAN2 to discuss whether fast recovery via SCell should be introduced for random access problem on PCell.
[bookmark: _Toc16773024]RAN2 to discuss feasibility of fast recovery via SCell for random access problem on PCell.
2.3.3	 Maximum number of retransmissions
In NR, for the sake of harmonization with the DC case, in CA duplication there are two RLC entities linked with one PDCP entity that take care of the duplication (i.e., see Figure 1). To avoid that copies of the same PDCP PDU are transmitted on the same cell, each logical channel involved in CA duplication is restricted to a set of cells. 


Figure 2: CA duplication in standalone NR
According to current specifications, if max number of retransmissions are reached for MCG RLC and CA duplication is configured and activated, and for the corresponding logical channel allowedServingCells only includes SCell(s), the UE initiates the Failure Information procedure to report the RLC failure, but does not trigger RRC re-establishment.
To avoid the interruption in the connectivity, for a UE configured with CA duplication on SRB1, the RRC connection re-establishment procedure could be avoided also for the case where the RLC failure occurs for a logical channel for which allowedServingCells includes the PCell. There is good possibility that the FailureInformation message reaches the network, since even if the PCell transmission may fail, the transmission via SCell may succeed. The sending of FailureInformation should be configurable by the network.
[bookmark: _Toc16674840]For UEs configured with CA duplication on SRB1, the added signaling robustness can justify sending FailureInformation to the network to report RLC failure, even for the case where allowedServingCells includes PCell.
[bookmark: _Toc12544549][bookmark: _Toc16773025]In case of CA duplication on SRB1, when RLC failure is experienced, if configured, the UE sends FailureInformation without triggering RRC connection re-establishment.
2.4 Timeout timer
As pointed out by several companies [2][3], in current specifications, there is no RLM on SCells. Thus, if also the SCell is failed it may happen that the FailureInformation message sent by the UE does not reach the network. Normally, the UE will detect this through the lack of RLC or HARQ feedback. RLC poll timer will trigger retransmissions and eventually the max number of RLC transmissions may be reached. However, this may delay the recovery and in some cases, there could be a deadlock where the UE is not aware if the FailureInformation message reached the network or not. 
[bookmark: _Toc16674841][bookmark: _Toc7707493][bookmark: _Toc7707514]Since no RLM is performed on the SCell, the FailureInformation message sent by the UE may not reach the network. This can delay the recovery of the UE connection or even cause deadlock. 
For the case of physical layer problems, there is no need for a timeout timer, as T310 has already been started and upon expiry will cause the UE to trigger RRC connection re-establishment as in legacy.
[bookmark: _Toc16674842]There is no need for a timeout timer for the FailureInformation message for the case of physical layer problem, since T310 is running and will trigger RRC connection re-establishment in case the FailureInformation message or network response fails. 
For the case of random access failure and RLC failure, a solution could be that UE starts the T310 timer upon the sending of the FailureInformation message to the network. Upon the expiry of timer T310, if no RRCReconfiguration message including reconfiguration with sync has been received, the UE shall initiate the RRC re-establishment procedure. In this way, sending of the FailureInformation message can be seen as an intermediate step of the normal PCell RLF and subsequent RRC connection re-establishment. The added step of sending the FailureInformation message via SCell provides the opportunity for the network to recover the UE through RRC reconfiguration with sync in case communication with the UE via the SCell is still possible, thus reducing the interruption time by avoiding the UE cell selection. If the communication via SCell is not successful, the UE will trigger RRC connection re-establishment as in legacy once T310 expires.
Therefore, we propose:
[bookmark: _Toc7707498][bookmark: _Toc16773026]RAN2 to discuss solutions to avoid unwanted delay of the failure information procedure in case of random access problem and RLC failure on PCell, e.g. UE starts T310 timer and upon its expiry the RRC connection re-establishment procedure is triggered. 
Conclusion
In section 2 we made the following observations:
Observation 1	For use cases such as URLLC, when experiencing RLF on the PCell, triggering RRC connection re-establishment would cause an interruption time that may not be tolerable.
Observation 2	The interruption time caused by physical layer problems can be reduced significantly by introducing the possibility for a UE to inform the network of ongoing physical layer problems while T310 is running.
Observation 3	Recovery from random access problem on PCell could be improved by letting the UE retry random access and transmit FailureInformation on one of the configured SCells.
Observation 4	In case recovery from random access problem via SCell fails, it could lead to a longer recovery time compared to legacy RRC re-establishment.
Observation 5	For UEs configured with CA duplication on SRB1, the added signaling robustness can justify sending FailureInformation to the network to report RLC failure, even for the case where allowedServingCells includes PCell.
Observation 6	Since no RLM is performed on the SCell, the FailureInformation message sent by the UE may not reach the network. This can delay the recovery of the UE connection or even cause deadlock.
Observation 7	There is no need for a timeout timer for the FailureInformation message for the case of physical layer problem, since T310 is running and will trigger RRC connection re-establishment in case the FailureInformation message or network response fails.
[bookmark: _Toc7707499]Based on the discussion in section 2 we propose the following:
Proposal 1	In case of CA (with no SCG), when a radio link failure is experienced on the PCell, the UE adopts a failure recovery solution by sending an indication to the network via the SCell.
Proposal 2	PCell RLF reporting via SCell is supported when the UE is configured with PUCCH/PDCCH resources on the SCell.
Proposal 3	The existing FailureInformation message is extended for indicating radio link failure on the PCell for CA when MR-DC is not configured.
Proposal 4	MCG/SCG failure information procedures are only used for MR-DC
Proposal 5	A UE configured with SCell with PDCCH/PUCCH resources or SRB1 configured with CA duplication transmits FailureInformation during the recovery time after radio problem has been detected (T310 running) to inform network of ongoing physical layer problems in the UE.
Proposal 6	A new timer is introduced to control the sending of FailureInformation. The new timer is started at the same time as T310 and FailureInformation is transmitted when the new timer expires.
Proposal 7	The FailureInformation message is extended to include the latest available measurement results available in the UE.
Proposal 8	RAN2 to discuss feasibility of fast recovery via SCell for random access problem on PCell.
Proposal 9	In case of CA duplication on SRB1, when RLC failure is experienced, if configured, the UE sends FailureInformation without triggering RRC connection re-establishment.
Proposal 10	RAN2 to discuss solutions to avoid unwanted delay of the failure information procedure in case of random access problem and RLC failure on PCell, e.g. UE starts T310 timer and upon its expiry the RRC connection re-establishment procedure is triggered.
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