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At RAN2#107bis meeting [1], the following agreements were made on RLF handling in IAB. 
R2 confirm that when the IAB-node is not configured with DC, it applies for BH RLF handling the same mechanisms and procedures as UE’s RLF handling currently specified in TS 38.331 (including e.g. detection and recovery). FFS on need of additional enhancements.
When NR DC is configured for the IAB-node, 2.1 RLF is detected separately for the MCG-link and for the SCG-link, and 2.2 existing UE procedures are used for MCG-link and SCG-link failure handling.
The following is agreed as working assumption: BH RLF recovery for DC case reuses UE’s MCG and SCG failure recovery procedures specified in Rel-16. 
For an IAB-node not configured with DC, it initiates RRC reestablishment when it receives downstream notification “Recovery Failure”.
For DC case, the IAB-node considers the radio link is failed and uses RRC existing or Rel-16 Mechanism (e.g. MCG or SCG failure report, RRC reestablishment) if “Recovery Failure” notification is received from parent nodes on MCG-link or/and SCG-link.
R2 assumes that RLF notification “recovery failure” would be triggered when RRC reestablishment has failed. FFS whether this need to be specified.
BAP layer is used to transmit BH RLF notification(s).
R2 assumes that Upstream BH RLF notification to Donor CU via current F1-AP signalling is supported.
In this paper, we will further discuss the remaining issues of backhaul RLF, including:
· Impacts on RLF notification in NSA case.
· BAP layer handling at BH RLF.
Discussion
Impacts on RLF notification in NSA case
In DC case, backhaul traffic can be transmitted over both MCG link and SCG link, so IAB-node sends notification “Recovery Failure” to downstream node only when BH RLF is detected on both MCG link and SCG link and BH RLF recovery fails. 
However, different from DC case, in NSA case, RAN2 has been agreed that backhaul traffic over the LTE radio interface is excluded from the Rel-15 IAB SI. That means, backhaul traffic is only allowed to be transmitted over NR SCG link in NSA. Therefore, in this case, IAB-node has to send BH RLF notification to its downstream node, as long as BH RLF is detected on SCG link and SCG recovery fails (i.e. SCG is released). 
Observation 1: In NSA case, the F1-U transmission will be interrupted, if BH RLF is detected on SCG link and the recovery fails, and the remaining F1-C and RRC connection seems useless.
Proposal 1: In NSA case, IAB-node sends BH RLF notification to its downstream node when BH RLF is detected on SCG link and SCG recovery fails (i.e. SCG is released).
BAP layer handling at BH RLF
At RAN2#105 meeting, it was already agreed that current UE RLF detection and recovery is reused for IAB-node as baseline. That is to say, similar to UE, IAB-MT will initiate the RRC re-establishment procedure for RLF recovery. 
As mentioned in [2], upon initiation of the RRC re-establishment procedure, UE shall suspend all RBs except SRB0. After successful completion of the RRC re-establishment procedure, the UE will resume SRB2 and DRBs that are suspended when it receives an RRCReconfiguration message. However, different with UE, a new defined BAP layer is introduced for IAB-node on BH link. Therefore, the impact of BH RLF on the BAP layer needs to be clarified.
To align with the current mechanism in NR, the BAP layer of IAB-node also needs to be suspended upon initiation of the RRC re-establishment procedure. However, different with UEs, the IAB-node that has detected BH link failure with its parent may also have child IAB-nodes, so it is reasonable for the IAB-node to continue sending the received DL packets to child IAB-nodes, since the BH link with child node is fine. In this case, the BAP layer of the IAB-node may not be suspended on DL, i.e. only the operations at MT side are suspended but the operations at DU side is not suspended.  
Proposal 2: Upon the initiation of the RRC re-establishment procedure, the BAP operations need to be suspended. FFS on whether only to suspend the operations at BAP MT part or to suspend both operations at MT and DU parts. 
After successful completion of the RRC re-establishment procedure on BH link, the BAP layer of IAB-node also needs to be resumed. Similar to the operation of UE PDCP/RLC layer, the BAP layer of IAB-node needs retransmit the data for which the successful delivery has not been confirmed by RLC layer, using the new routing and bearer mapping configuration.  
Proposal 3: After the success of RRC re-establishment procedure, the BAP layer operations need to be resumed, including to retransmit the data for which the successful delivery has not been confirmed by RLC layer, applying the new routing and bearer mapping configurations. 
Proposal 4: RAN2 considers the TP in section 5 as the baseline CR.
In addition, the last RAN2 meeting agreed that BAP address based re-routing was only allowed for BH RLF case and the intermediate nodes did not support modifying path ID. That means the re-routing is only supported under the case of the same IAB-donor DU if IAB-donor DU is assumed as the BAP address. For example, as shown in figure 1, IAB-node3 operates in DC mode, and the data from IAB-node4 is only configured to route to IAB-donor CU via IAB-donor DU1, and the data from IAB-node5 can be configured to route to IAB-donor CU via both IAB-donor DU1 and IAB-donor DU2. If the link between IAB-node3 and IAB-node1 is RLF, in this case, IAB-node3 cannot re-route the data using IAB-donor DU1 as the BAP address to IAB-donor CU via IAB-donor DU2, so the data loss will occur on the IAB-node3 if the routing path cannot be recovered in IAB-donor DU1. 


Figure 1 Example of RLF in DC scenario
Proposal 5: In Rel-16, it does not solve the data loss issue in the case the routing path cannot be recovered in the same IAB-donor DU after BH RLF. 
Conclusion
In this paper, we further discuss the remaining issues for BH RLF, and have the following observation and proposals:
Observation 1: In NSA case, the F1-U transmission will be interrupted, if BH RLF is detected on SCG link and the recovery fails, and the remaining F1-C and RRC connection seems useless.
Proposal 1: In NSA case, IAB-node sends BH RLF notification to its downstream node when BH RLF is detected on SCG link and SCG recovery fails (i.e. SCG is released).
Proposal 2: Upon the initiation of the RRC re-establishment procedure, the BAP operations need to be suspended. FFS on whether only to suspend the operations at BAP MT part or to suspend both operations at MT and DU parts. 
Proposal 3: After the success of RRC re-establishment procedure, the BAP layer operations need to be resumed, including to retransmit the data for which the successful delivery has not been confirmed by RLC layer, applying the new routing and bearer mapping configurations. 
Proposal 4: RAN2 considers the TP in section 5 as the baseline CR.
Proposal 5: In Rel-16, it does not solve the data loss issue in the case the routing path cannot be recovered in the same IAB-donor DU after BH RLF.  
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[bookmark: _Toc20425698]5.3.5.1	General


Figure 5.3.5.1-1: RRC reconfiguration, successful


Figure 5.3.5.1-2: RRC reconfiguration, failure
The purpose of this procedure is to modify an RRC connection, e.g. to establish/modify/release RBs, to perform reconfiguration with sync, to setup/modify/release measurements, to add/modify/release SCells and cell groups. As part of the procedure, NAS dedicated information may be transferred from the Network to the UE.
RRC reconfiguration to perform reconfiguration with sync includes, but is not limited to, the following cases:
-	reconfiguration with sync and security key refresh, involving RA to the PCell/PSCell, MAC reset, refresh of security and re-establishment of RLC and PDCP triggered by explicit L2 indicators;
-	reconfiguration with sync but without security key refresh, involving RA to the PCell/PSCell, MAC reset and RLC re-establishment and PDCP data recovery (for AM DRB) triggered by explicit L2 indicators.
In (NG)EN-DC and NR-DC, SRB3 can be used for measurement configuration and reporting, to (re-)configure MAC, RLC, physical layer and RLF timers and constants of the SCG configuration, and to reconfigure PDCP for DRBs associated with the S-KgNB or SRB3, and to reconfigure SDAP for DRBs associated with S-KgNB in NGEN-DC and NR-DC, provided that the (re-)configuration does not require any MN involvement. In (NG)EN-DC and NR-DC, only measConfig, radioBearerConfig and/or secondaryCellGroup are included in RRCReconfiguration received via SRB3.
[bookmark: _Toc20425699]5.3.5.2	Initiation
The Network may initiate the RRC reconfiguration procedure to a UE in RRC_CONNECTED. The Network applies the procedure as follows:
-	the establishment of RBs (other than SRB1, that is established during RRC connection establishment) is performed only when AS security has been activated;
-	the addition of Secondary Cell Group and SCells is performed only when AS security has been activated;
-	the reconfigurationWithSync is included in secondaryCellGroup only when at least one DRB is setup in SCG;
-	the reconfigurationWithSync is included in masterCellGroup only when AS security has been activated, and SRB2 with at least one DRB are setup and not suspended.
[bookmark: _Toc20425700]5.3.5.3	Reception of an RRCReconfiguration by the UE
The UE shall perform the following actions upon reception of the RRCReconfiguration:
1>	if the RRCReconfiguration is received via other RAT (i.e., inter-RAT handover to NR):
2>	if the RRCReconfiguration does not include the fullConfig and the UE is connected to 5GC (i.e., delta signalling during intra 5GC handover):
3>	re-use the source RAT SDAP and PDCP configurations if available (i.e., current SDAP/PDCP configurations for all RBs from source E-UTRA RAT prior to the reception of the inter-RAT HO RRCReconfiguration message);
1>	else:
2>	if the RRCReconfiguration includes the fullConfig:
3>	perform the full configuration procedure as specified in 5.3.5.11;
1>	if the RRCReconfiguration includes the masterCellGroup:
2>	perform the cell group configuration for the received masterCellGroup according to 5.3.5.5;
1>	if the RRCReconfiguration includes the masterKeyUpdate:
2>	perform AS security key update procedure as specified in 5.3.5.7;
1>	if the RRCReconfiguration includes the sk-Counter:
2>	perform security key update procedure as specified in 5.3.5.7;
1>	if the RRCReconfiguration includes the secondaryCellGroup:
2>	perform the cell group configuration for the SCG according to 5.3.5.5; 
1>	if the RRCReconfiguration includes the mrdc-SecondaryCellGroupConfig:
2>	if the mrdc-SecondaryCellGroupConfig is set to setup:
3>	if the mrdc-SecondaryCellGroupConfig includes mrdc-ReleaseAndAdd:
4>	perform MR-DC release as specified in clause 5.3.5.10;
3>	if the received mrdc-SecondaryCellGroup is set to nr-SCG:
4>	perform the RRC reconfiguration according to 5.3.5.3 for the RRCReconfiguration message included in nr-SCG;
3>	if the received mrdc-SecondaryCellGroup is set to eutra-SCG:
4>	perform the RRC connection reconfiguration as specified in TS 36.331 [10], clause 5.3.5.3 for the RRCConnectionReconfiguration message included in eutra-SCG;
2>	else (mrdc-SecondaryCellGroupConfig is set to release):
3>	perform MR-DC release as specified in clause 5.3.5.10;
1>	if the RRCReconfiguration message includes the radioBearerConfig:
2>	perform the radio bearer configuration according to 5.3.5.6;
1>	if the RRCReconfiguration message includes the radioBearerConfig2:
2>	perform the radio bearer configuration according to 5.3.5.6;
1>	if the RRCReconfiguration message includes the measConfig:
2>	perform the measurement configuration procedure as specified in 5.5.2;
1>	if the RRCReconfiguration message includes the dedicatedNAS-MessageList:
2>	forward each element of the dedicatedNAS-MessageList to upper layers in the same order as listed;
1>	if the RRCReconfiguration message includes the dedicatedSIB1-Delivery:
2>	perform the action upon reception of SIB1 as specified in 5.2.2.4.2;
1>	if the RRCReconfiguration message includes the dedicatedSystemInformationDelivery:
2>	perform the action upon reception of System Information as specified in 5.2.2.4;
1>	if the RRCReconfiguration message includes the otherConfig:
2>	perform the other configuration procedure as specified in 5.3.5.9;
1>	set the content of the RRCReconfigurationComplete message as follows:
2>	if the RRCReconfiguration includes the masterCellGroup containing the reportUplinkTxDirectCurrent; or
2>	if the RRCReconfiguration includes the secondaryCellGroup containing the reportUplinkTxDirectCurrent:
3>	include the uplinkTxDirectCurrentList for each serving cell with UL;
3>	if UE is configured with SUL carrier:
4>	include uplinkDirectCurrentBWP-SUL for each serving cell with SUL within the uplinkTxDirectCurrentList;
2>	if the RRCReconfiguration message includes the mrdc-SecondaryCellGroupConfig with mrdc-SecondaryCellGroup set to eutra-SCG:
3>	include in the eutra-SCG-Response the E-UTRA RRCConnectionReconfigurationComplete message in accordance with TS 36.331 [10] clause 5.3.5.3;
2> if the RRCReconfiguration message includes the mrdc-SecondaryCellGroupConfig with mrdc-SecondaryCellGroup set to nr-SCG:
3>	include in the nr-SCG-Response the RRCReconfigurationComplete message;
1>	if the UE is configured with E-UTRA nr-SecondaryCellGroupConfig (MCG is E-UTRA):
2>	if the RRCReconfiguration message was received via SRB1:
3>	submit the RRCReconfigurationComplete via the E-UTRA MCG embedded in E-UTRA RRC message RRCConnectionReconfigurationComplete as specified in TS 36.331 [10];
3>	if reconfigurationWithSync was included in spCellConfig of an SCG:
4>	initiate the Random Access procedure on the SpCell, as specified in TS 38.321 [3];
3>	else:
4>	the procedure ends;
NOTE 1:	The order the UE sends the RRCConnectionReconfigurationComplete message and performs the Random Access procedure towards the SCG is left to UE implementation.
2>	else (RRCReconfiguration was received via SRB3):
3>	submit the RRCReconfigurationComplete message via SRB3 to lower layers for transmission using the new configuration;
NOTE 2:	In (NG)EN-DC and NR-DC, in the case RRCReconfiguration is received via SRB1, the random access is triggered by RRC layer itself as there is not necessarily other UL transmission. In the case RRCReconfiguration is received via SRB3, the random access is triggered by the MAC layer due to arrival of RRCReconfigurationComplete.
1>	else if the RRCReconfiguration message was received within the nr-SCG within mrdc-SecondaryCellGroup (NR SCG RRC Reconfiguration):
2>	if reconfigurationWithSync was included in spCellConfig in nr-SCG:
3>	initiate the Random Access procedure on the PSCell, as specified in TS 38.321 [3];
2>	else
3>	the procedure ends;
NOTE 2a:	The order in which the UE sends the RRCReconfigurationComplete message and performs the Random Access procedure towards the SCG is left to UE implementation.
1>	else if RRCReconfiguration was received via SRB3:
2>	submit the RRCReconfigurationComplete message via SRB3 to lower layers for transmission using the new configuration;
1>	else (MCG RRCReconfiguration):
2>	submit the RRCReconfigurationComplete message via SRB1 to lower layers for transmission using the new configuration;
2>	if this is the first RRCReconfiguration message after successful completion of the RRC re-establishment procedure:
3>	resume SRB2 and DRBs that are suspended;
3> resume BAP operations that are suspended;
1>	if reconfigurationWithSync was included in spCellConfig of an MCG or SCG, and when MAC of an NR cell group successfully completes a Random Access procedure triggered above;
2>	stop timer T304 for that cell group;
2>	apply the parts of the CQI reporting configuration, the scheduling request configuration and the sounding RS configuration that do not require the UE to know the SFN of the respective target SpCell, if any;
2>	apply the parts of the measurement and the radio resource configuration that require the UE to know the SFN of the respective target SpCell (e.g. measurement gaps, periodic CQI reporting, scheduling request configuration, sounding RS configuration), if any, upon acquiring the SFN of that target SpCell;
2>	if the reconfigurationWithSync was included in spCellConfig of an MCG:
3>	if T390 is running:
4>	stop timer T390 for all access categories;
4>	perform the actions as specified in 5.3.14.4.
3>	if RRCReconfiguration does not include dedicatedSIB1-Delivery and
3>	if the active downlink BWP, which is indicated by the firstActiveDownlinkBWP-Id for the target SpCell of the MCG, has a common search space configured by searchSpaceSIB1:
4>	acquire the SIB1, which is scheduled as specified in TS 38.213 [13], of the target SpCell of the MCG;
4>	upon acquiring SIB1, perform the actions specified in clause 5.2.2.4.2;
2>	the procedure ends.
NOTE 3:	The UE is only required to acquire broadcasted SIB1 if the UE can acquire it without disrupting unicast data reception, i.e. the broadcast and unicast beams are quasi co-located.

------------------------------------------------2st Change -----------------------------------------------------
5.3.7	RRC connection re-establishment
[bookmark: _Toc20425731]5.3.7.1	General

	
Figure 5.3.7.1-1: RRC connection re-establishment, successful
	


Figure 5.3.7.1-2: RRC re-establishment, fallback to RRC establishment, successful
The purpose of this procedure is to re-establish the RRC connection. A UE in RRC_CONNECTED, for which AS security has been activated with SRB2 and at least one DRB setup, may initiate the procedure in order to continue the RRC connection. The connection re-establishment succeeds if the network is able to find and verify a valid UE context or, if the UE context cannot be retrieved, and the network responds with an RRCSetup according to clause 5.3.3.4.
The network applies the procedure e.g as follows:
-	When AS security has been activated and the network retrieves or verifies the UE context:
-	to re-activate AS security without changing algorithms;
-	to re-establish and resume the SRB1;
-	When UE is re-establishing an RRC connection, and the network is not able to retrieve or verify the UE context:
-	to discard the stored AS Context and release all RBs;
-	to fallback to establish a new RRC connection.
[bookmark: _MON_1267947476][bookmark: _MON_1289914521][bookmark: _MON_1267947623][bookmark: _MON_1289914522]If AS security has not been activated, the UE shall not initiate the procedure but instead moves to RRC_IDLE directly, with release cause 'other'. If AS security has been activated, but SRB2 and at least one DRB are not setup, the UE does not initiate the procedure but instead moves to RRC_IDLE directly, with release cause 'RRC connection failure'.
[bookmark: _Toc20425732]5.3.7.2	Initiation
The UE initiates the procedure when one of the following conditions is met:
1>	upon detecting radio link failure of the MCG, in accordance with 5.3.10; or
1>	upon re-configuration with sync failure of the MCG, in accordance with sub-clause 5.3.5.8.3; or
1>	upon mobility from NR failure, in accordance with sub-clause 5.4.3.5; or
1>	upon integrity check failure indication from lower layers concerning SRB1 or SRB2, except if the integrity check failure is detected on the RRCReestablishment message; or
1>	upon an RRC connection reconfiguration failure, in accordance with sub-clause 5.3.5.8.2.
Upon initiation of the procedure, the UE shall:
1>	stop timer T310, if running;
1>	stop timer T304, if running;
1>	start timer T311;
1>	suspend all RBs, except SRB0;
1> suspend BAP operations, if configured;
1>	reset MAC;
1>	release the MCG SCell(s), if configured;
1>	release spCellConfig, if configured;
1>	if MR-DC is configured:
2>	perform MR-DC release, as specified in clause 5.3.5.10;
2>	release p-NR-FR1, if configured;
2>	release p-UE-FR1, if configured;
1>	release delayBudgetReportingConfig, if configured, and stop timer T342, if running;
1>	release overheatingAssistanceConfig, if configured, and stop timer T345, if running;
1>	perform cell selection in accordance with the cell selection process as specified in TS 38.304 [20], clause 5.2.6.
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