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1 Introduction

In the past RAN2 meetings, the RLC-Failure was extensively discussed at UE side for UL CA duplication.  Such failure is detected based on exceeding the maximum retransmission number with respect to the RLC entity associated with SCell only. Basically, RAN2 agreed that the UE will provide some information related to such failure to the network side. In this contribution, we will discuss the impact of such failure to the network side considering CU-DU split.  
2 Discussion 
2.1 RLC failure
In UL CA duplication case, an RLC entity may be associated with the logical channel restricted to one or multiple SCell(s). For example, in Fig. 1 (a), RLC 2 is associated with LCID2 restricted to SCell2 and SCell3; in Fig. 1(b), RLC3 is associated with LCID 3 associated with SCell4, and RLC4 is associated with LCID 4 associated with SCell5 and SCell6.  
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Fig. 1 Illustration on UL CA duplication configuration
In some cases, such kind of RLC entity may reach the max retransmission number at UE side. In LTE, if such case happens, the UE will trigger RLF or SCG failure. However, in NR, RAN2 intends to not trigger RLF or SCG failure (in other words, no RRC reestablishment procedure or PSCell change procedure is triggered). The rationale is that when such failure occurs, the PCell/PSCell is still good so that it is unnecessary to change PCell/PSCell. Thus, we can consider such failure is kind of new failure different from RLF and SCG failure, and we call it as RLC failure in this contribution.
Observation 1: when RLC failure occurs, the PCell/PSCell is still good so that it is unnecessary to change PCell/PSCell. 

Following RAN2 discussions, some agreements were achieved:
	· Agreements in RAN2#99:
· RLC reports maxNumberofRLC retransmissions are reached to RRC.   
· For a logical channel restricted to one or multiple SCell(s) (i.e. logical channel configured for duplication) UE reports the failure to the gNB (e.g. SCell-RLF) but no RRC re-establishment happens
· Agreements in RAN2#102
· When RLC max retransmissions are met for a logical channel restricted to one or multiple SCell(s), the information with the report identifies the problematic RLC entity without ambiguity.
· The report on RLC max retransmissions does not include measurement results.
· In the email discussion a majority of companies seemed to want a new RRC message for this indication. Details TBD in common session. 
· If the failure is restricted to the SCG, the information need to be known by the SN, and for other cases the MN. UP session assumes SRB1 and SRB3 would be used accordingly. 
· UP session confirm current behaviour that when RLC max retransmissions are met for a logical channel restricted to PCell or PSCell, RLF or SCG failure is triggered. 
· LCH ID + MCG/SCG Indication is reported


The normative text reflecting the above agreements is still under discussion, and a reference text can be found in [1]. Nevertheless, the RAN2 agreements already indicate that the UE will send LCH ID+MCG/SCG Indication to the network side when such RLC failure occurs. 

Observation 2: RAN2 agrees that the UE should report LCH ID + MCG/SCG Indication to the network side when RLC failure occurs. 

2.2 Network behavior for RLC failure
Based on my understanding to RAN2 discussions, when network side receives RLC failure related information (e.g., LCH ID + MCG/SCG indication), RAN2 intends to leave the resultant behavior of gNB to be an implementation issue. 
Observation 3: when receiving RLC failure related information (e.g., LCH ID + MCG/SCG indication), RAN2 intends to leave the resultant behavior of gNB to be an implementation issue. 

However, the intention of defining such failure by RAN2 is to avoid PCell/PSCell change, which can simplify the procedure of resolving such failure. 

Observation 4: RAN2’s intention of defining such RLC failure is to avoid PCell/PSCell change. 

Thus, when designing the gNB behavior, we should follow the RAN2’s intention as much as possible. Otherwise, such RLC failure is meaningless. 

In CU-DU split case, the RLC failure related information will be finally received by gNB-CU. When configuring CA duplication, the CU can derive the logical channel ID of the primary path only. However, whether such logical channel is restricted to SCell(s) only or not is unknown to gNB-CU. Moreover, since the gNB-CU is not forced to read the CellGroupConfig container from the gNB-DU, the gNB-CU cannot know the SCells associated with each logical channel.  

Observation 5: the gNB-CU may not know the LCH ID and associated SCells corresponding to the RLC entity with RLC failure. 

To solve this issue, the following possible solutions can be considered:

· Solution 1: trigger HO or PSCell change

In last RAN3 meeting, some companies mentioned that since the gNB-CU does not have full knowledge about the RLC failure, the gNB-CU can simply trigger HO or PSCell change procedure. This method is quite simple. It can solve the RLC failure issue completely without any specification impact. However, if gNB-CU always resolve RLC failure via this solution, RAN2’s previous work on defining RLC failure becomes meaningless. 

· Solution 2: Release SCell(s) with low quality

Such method can solve the problem if the RLC failure is resulted from the low quality of the associated SCells, and it will not bring specification impact. However, in some cases, RLC failure is caused by logical error rather than quality issue of SCells. Moreover, from RAN2 perspective, such logical error is another possible main cause to RLC failure.

· Solution 3: Send LCH ID to gNB-DU in order to reestablish the corresponding RLC entity

In this method, after receiving LCH ID and MCG/SCG indication from the UE, the gNB-CU will send the LCH ID corresponding to RLC entity needing re-establishment to the gNB-DU, as shown in Fig. 2.Such method can solve the problem if the RLC failure is resulted from the logical error rather than poor quality of the SCells. This method results in specification impact. However, it can solve the logical error resulting in RLC failure.
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Fig. 2. Illustration of solution 3
	
	Pros.
	Cons.

	Solution 1: HO or PSCell change
	No spec. impact

Solve RLC failure 
	RLC failure becomes meaningless 

	Solution 2: Release SCell(s)
	No spec. impact
	Cannot solve the logical error resulting in RLC failure

	Solution 3: Send LCH ID
	Solve the logical error resulting in RLC failure
	Spec. impact

Cannot solve the low quality of SCell resulting in RLC failure


Based on the above comparison, solution 2 and solution 3 can be combined to solve the RLC failure without triggering HO or PSCell change.

Proposal: The solution 2 and solution 3 can be combined to solve the RLC failure issue without triggering HO or PSCell change. 
3 Conclusions
In this contribution, we discussed RLC failure, and have the following observations and proposal:
Observation 1: when RLC failure occurs, the PCell/PSCell is still good so that it is unnecessary to change PCell/PSCell. 

Observation 2: RAN2 agrees that the UE should report LCH ID + MCG/SCG Indication to the network side when RLC failure occurs.
Observation 3: when receiving RLC failure related information (e.g., LCH ID + MCG/SCG indication), RAN2 intends to leave the resultant behavior of gNB to be an implementation issue. 

Observation 4: RAN2’s intention of defining such RLC failure is to avoid PCell/PSCell change. 

Observation 5: the gNB-CU may not know the LCH ID and associated SCells corresponding to the RLC entity with RLC failure.
Proposal: The solution 2 and solution 3 can be combined to solve the RLC failure issue without triggering HO or PSCell change.
The corresponding TP is provided below.  
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---- 1st change ----

8.3.4
UE Context Modification (gNB-CU initiated)
8.3.4.1
General
The purpose of the UE Context Modification procedure is to modify the established UE Context, e.g., establishing, modifying and releasing radio resources. This procedure is also used to command the gNB-DU to stop data transmission for the UE for mobility (see TS 38.401 [4]). The procedure uses UE-associated signalling.

8.3.4.2
Successful Operation
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Figure 8.3.4.2-1: UE Context Modification procedure. Successful operation

The F1AP UE CONTEXT MODIFICATION REQUEST message is initiated by the gNB-CU.

If the SpCell ID IE is included in the UE CONTEXT MODIFICATION REQUEST message, the gNB-DU shall replace any previously received value and regard it as a reconfiguration with sync as defined in TS 38.331[8]. If the SpCell UL Configured IE is included in the UE CONTEXT MODIFICATION REQUEST message, the gNB-DU shall configure UL for the indicated SpCell accordingly.
If the SCell To Be Setup List IE or SCell To Be Removed List IE is included in the UE CONTEXT MODIFICATION REQUEST message, the gNB-DU shall act as specified in TS 38.401 [4]. If the SCell To Be Setup List IE is included in the UE CONTEXT MODIFICATION REQUEST message and the indicated SCell(s) are already setup, the gNB-DU shall replace any previously received value. If the SCell UL Configured IE is included in the UE CONTEXT MODIFICATION REQUEST message, the gNB-DU shall configure UL for the indicated SCell accordingly.
If the DRX Cycle IE is contained in the UE CONTEXT MODIFICATION REQUEST message, the gNB-DU shall use the provided value from the gNB-CU. If the DRX configuration indicator IE is contained in the UE CONTEXT MODIFICATION REQUEST message and set to "release", the gNB-DU shall release DRX configuration.
If the SRB To Be Setup List IE is contained in the UE CONTEXT MODIFICATION REQUEST message, the gNB-DU shall act as specified in the TS 38.401 [4], and replace any previously received value. If Duplication Indication IE is contained in the SRB To Be Setup List IE, the gNB-DU shall setup two RLC entities for the indicated SRB and feedback the LCID for the primary path in the UE CONTEXT SETUP RESPONSE message.
If the DRB To Be Setup List IE is contained in the UE CONTEXT MODIFICATION REQUEST message, the gNB-DU shall act as specified in the TS 38.401 [4].
If two UL UP TNL Information IEs are included in UE CONTEXT MODIFICATION REQUEST message for a DRB, gNB-DU shall include two DL UP TNL Information IEs in UE CONTEXT MODIFICATION RESPONSE message. gNB-CU and gNB-DU use the UL UP TNL Information IEs and DL UP TNL Information IEs to support packet duplication for intra-gNB-DU CA as defined in TS 38.470 [2].
If Duplication Activation IE is included in the UE CONTEXT MODIFICATION REQUEST message for a DRB, gNB-DU should take it into account when activing/deactiving PDCP duplication for the DRB.

If the UL Configuration IE in DRB to Be Setup Item IE or DRB to Be Modified Item IE is contained in the UE CONTEXT MODIFICATION REQUEST message, the gNB-DU shall take it into account for UL scheduling. The gNB-CU may include the RRC Reconfiguration Complete Indicator IE in the UE CONTEXT MODIFICATION REQUEST message to inform the gNB-DU that the ongoing reconfiguration procedure has been successfully performed by the UE. The gNB-DU does not need to wait for this confirmation for using the new UE configuration or taking other actions towards the UE. It is up to gNB-DU implementation when to use the new UE configuration configured.
If the RLC Re-establishement Information IE is included in UE CONTEXT MODIFICATION REQUEST message, the gNB-DU should consider that the RLC entity indicated by such IE needs to be re-established. 
If the UE CONTEXT MODIFICATION REQUEST message contains the RRC-Container IE, the gNB-DU shall send the corresponding RRC message to the UE via SRB1.

If the UE CONTEXT MODIFICATION REQUEST message contains the Transmission Stop Indicator IE, the gNB-DU shall stop or restart (if already stopped) data transmission for the UE, according to the value of this IE. It is up to gNB-DU implementation when to stop or restart the UE scheduling.

For EN-DC operation, if the DRB to Be Setup List IE is present in the UE CONTEXT MODIFICATION REQUEST message the gNB-CU shall include the E-UTRAN QoS IE. The allocation of resources according to the values of the Allocation and Retention Priority IE included in the E-UTRAN QoS IE shall follow the principles described for the E-RAB Setup procedure in TS 36.413 [3]. For NG-RAN operation, the gNB-CU shall include the DRB Information IE in the UE CONTEXT MODIFICATION REQUEST message.
If the gNB-CU received the MeNB Resource Coordination Information as defined in TS 36.423 [9], after completion of UE Context Setup procedures, the gNB-CU shall transparently transfer it to the gNB-DU via the Resource Coordination Transfer Container IE in the UE CONTEXT MODIFICATION REQUEST message. The gNB-DU shall use the information received in the Resource Coordination Transfer Container IE for reception of MeNB Resource Coordination Information at the gNB acting as secondary node as described in TS 36.423 [9].

For EN-DC operation, and if the Subscriber Profile ID for RAT/Frequency priority IE is received from an MeNB, the UE CONTEXT MODIFICTION REQUEST message shall contain the Subscriber Profile ID for RAT/Frequency priority IE. The gNB-DU shall store the received Subscriber Profile ID for RAT/Frequency priority in the UE context and use it as defined in TS 36.300 [20].

If the Index to RAT/Frequency Selection Priority IE is modified at the gNB-CU, the Index to RAT/Frequency Selection Priority IE shall be included in the UE CONTEXT MODIFICATION REQUEST. The gNB-DU may use it for RRM purposes.
Upon reception of the UE Context Modification Request message, the gNB-DU shall perform the modifications, and if successful reports the update in the UE CONTEXT MODIFICATION RESPONSE message. 
The gNB-DU shall report to the gNB-CU, in the UE CONTEXT MODIFICATION RESPONSE message, the result for all the requested or modified DRBs and SRBs in the following way:

-
A list of DRBs which are successfully established shall be included in the DRB Setup List IE;

-
A list of DRBs which failed to be established shall be included in the DRB Failed to Setup List IE;

-
A list of DRBs which are successfully modified shall be included in the DRB Modified List IE;

-
A list of DRBs which failed to be modified shall be included in the DRB Failed to be Modified List IE;

-
A list of SRBs which failed to be established shall be included in the SRB Failed to Setup List IE.

When the gNB-DU reports the unsuccessful establishment of a DRB or SRB, the cause value should be precise enough to enable the gNB-CU to know the reason for the unsuccessful establishment.
If the Resource Coordination Transfer Container IE is included in the UE CONTEXT MODIFICATION RESPONSE, the gNB-CU shall transparently transfer this information for the purpose of resource coordination as described in TS 36.423 [9].
If the UE CONTEXT MODIFICATION RESPONSE message contains the DU To CU RRC Information IE, the gNB-CU shall take this into account.
If the SCell Failed To Setup List IE is contained in the UE CONTEXT MODIFICATION RESPONSE message, the gNB-CU shall regard the corresponding SCell(s) failed to be established with an appropriate cause value for each SCell failed to setup.
If the Inactivity Monitoring Request IE is contained in the UE CONTEXT MODIFICATION REQUEST message, gNB-DU may consider that the gNB-CU has requested the gNB-DU to perform UE inactivity monitoring. If the Inactivity Monitoring Response IE is contained in the UE CONTEXT MODIFICATION RESPONSE message and set to “Not-supported”, the gNB-CU shall consider that the gNB-DU does not support UE inactivity monitoring for the UE. 
The UE Context Setup Procedure is not used to configure SRB0.
If the Notification Control IE is included in the DRB to Be Setup List IE or the DRB to Be Modified List IE and it is set to active, the gNB-DU shall, if supported, monitor the QoS of the DRB and notify the gNB-CU if the QoS cannot be fulfilled any longer or if the QoS can be fulfilled again. The Notification Control IE can only be applied to GBR bearers.
---- End of 1st change ----
---- 2nd change ----
9.2.2.7
UE CONTEXT MODIFICATION REQUEST

This message is sent by the gNB-CU to provide UE Context information changes to the gNB-DU.
Direction: gNB-CU ( gNB-DU

	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.3.1.1
	
	YES
	reject

	gNB-CU UE F1AP ID
	M
	
	9.3.1.4
	
	YES
	reject

	gNB-DU UE F1AP ID
	M
	
	9.3.1.5
	
	YES
	reject

	SpCell ID
	O
	
	NR CGI

9.3.1.12
	Special Cell as defined in TS 38.321 [16]. For handover case, this IE shall be considered as target cell.
	YES
	Ignore

	ServCellIndex
	M
	
	INTEGER (0..31)
	
	
	

	SpCell UL Configured
	O
	
	Cell UL Configured

9.3.1.33
	
	YES
	ignore

	DRX Cycle 
	O
	
	DRX Cycle 

9.3.1.24
	
	YES
	ignore

	CU to DU RRC Information


	O


	
	9.3.1.25
	
	YES
	reject

	Transmission Stop Indicator
	O
	
	9.3.1.11
	
	YES
	ignore

	Resource Coordination Transfer Container
	O
	
	OCTET STRING
	Includes the MeNB Resource Coordination Information IE as defined in subclause 9.2.116 of TS 36.423 [9].
	YES
	ignore

	RRC Reconfiguration Complete Indicator
	O
	
	9.3.1.30
	
	YES
	ignore

	RRC-Container
	O
	
	9.3.1.6
	Includes the RRCConnectionReconfiguration message as defined in TS 38.331 [8].
	YES
	ignore

	SCell To Be Setup List
	
	0..1
	
	
	YES
	ignore

	>SCell to Be Setup Item IEs
	
	1.. <maxnoofSCells>
	
	
	EACH
	ignore

	>>SCell ID
	M
	
	NR CGI

9.3.1.12
	SCell Identifier in gNB
	-
	-

	>>SCellIndex
	M
	
	INTEGER (1..31)
	
	
	

	>>SCell UL Configured
	O
	
	Cell UL Configured

9.3.1.33
	
	
	

	SCell To Be Removed List
	
	0..1
	
	
	YES
	ignore

	>SCell to Be Removed Item IEs
	
	1 .. <maxnoofSCells>
	
	
	EACH
	ignore

	>>SCell ID
	M
	
	NR CGI

9.3.1.12
	SCell Identifier in gNB
	-
	-

	SRB to Be Setup List
	
	0..1
	
	
	
	

	>SRB to Be Setup Item IEs
	
	1..<maxnoofSRBs>
	
	
	
	

	>>SRB ID
	M
	
	9.3.1.7
	
	
	

	>>Duplication Indication
	O
	
	ENUMERATED (true, …)
	
	YES
	ignore

	DRB to Be Setup List
	
	0..1
	
	
	YES
	reject

	>DRB to Be Setup Item IEs
	
	1 .. <maxnoofDRBs>
	
	
	EACH
	reject

	>>DRB ID
	M
	
	9.3.1.8
	
	-
	

	>>CHOICE QoS Information
	M
	
	
	
	YES
	reject

	>>>E-UTRAN QoS
	M
	
	9.3.1.19
	Shall be used for EN-DC case to convey E-RAB Level QoS Parameters
	
	

	>>>DRB Information
	
	1
	
	Shall be used for NG-RAN cases
	
	

	>>>>DRB QoS
	M
	
	9.3.1.45
	
	
	

	>>>>S-NSSAI
	M
	
	9.3.1.38
	
	
	

	>>>>Notification Control
	O
	
	9.3.1.56
	
	-
	-

	>>>>Flows Mapped to DRB Item
	
	1 .. <maxnoofQoSFlows>
	
	
	
	

	>>>>>QoS Flow Indicator
	M
	
	9.3.1.63
	
	
	

	>>>>>QoS Flow Level QoS Parameters
	M
	
	9.3.1.45
	
	
	

	>>UL UP TNL Information to be setup List 
	
	1
	
	
	
	

	>>>UL UP TNL Information to Be Setup Item IEs
	
	1 .. <maxnoofULUPTNLInformation>
	
	
	
	

	>>>>UL UP TNL Information
	M
	
	UP Transport Layer Information
9.3.2.1
	gNB-CU endpoint of the F1 transport bearer. For delivery of UL PDUs.
	-
	-

	>> RLC Mode
	M
	
	9.3.1.27
	
	-
	

	>>UL Configuration
	O
	
	UL Configuration 

9.3.1.31
	Information about UL usage in gNB-DU. 
	
	

	>>Duplication Activation
	O
	
	9.3.1.36
	Information on the initial state of UL PDCP duplication
	
	

	DRB to Be Modified List
	
	0..1
	
	
	YES
	reject

	>DRB to Be Modified Item IEs
	
	1 .. <maxnoofDRBs>
	
	
	EACH
	reject

	>>DRB ID
	M
	
	9.3.1.8
	
	-
	

	>>CHOICE QoS Information
	M
	
	
	
	YES
	reject

	>>>E-UTRAN QoS
	M
	
	9.3.1.19
	Shall be used for EN-DC case to convey E-RAB Level QoS Parameters
	
	

	>>>DRB Information
	
	1
	
	Shall be used for NG-RAN cases
	
	

	>>>>DRB QoS
	M
	
	9.3.1.45
	
	
	

	>>>>S-NSSAI
	M
	
	9.3.1.38
	
	
	

	>>>>Notification Control
	O
	
	9.3.1.56
	
	-
	-

	>>>>Flows Mapped to DRB Item
	
	1 .. <maxnoofQoSFlows>
	
	
	
	

	>>>>>QoS Flow Indicator
	M
	
	9.3.1.63
	
	
	

	>>>>>QoS Flow Level QoS Parameters
	M
	
	9.3.1.45
	
	
	

	>> UL UP TNL Information to be setup List 
	
	0..1
	
	
	
	

	>>> UL UP TNL Information to Be Setup Item IEs
	
	1 .. <maxnoofULUPTNLInformation>
	
	
	
	

	>>>>UL UP TNL Information
	M
	
	UP Transport Layer Information
9.3.2.1
	gNB-CU endpoint of the F1 transport bearer. For delivery of UL PDUs.
	-
	-

	>>UL Configuration
	O
	
	UL Configuration 

9.3.1.31
	Information about UL usage in gNB-DU. 
	
	

	SRB TO Be Released List
	
	0..1
	
	
	
	

	>SRB To Be Released Item IEs
	
	1.. <maxnoofSRBs>
	
	
	
	

	>>SRB ID
	M
	
	9.3.1.7
	
	
	

	DRB to Be Released List
	
	0..1
	
	
	YES
	reject

	>DRB to Be Released Item IEs
	
	1 .. <maxnoofDRBs>
	
	
	EACH
	reject

	>>DRB ID
	M
	
	9.3.1.8
	
	-
	

	Inactivity Monitoring Request
	O
	
	ENUMERATED (true, …)
	
	YES
	reject

	RAT-Frequency Priority Information
	O
	
	9.3.1.34
	
	YES
	reject

	DRX configuration indicator
	O
	
	ENUMERATED(release,…)
	
	YES
	ignore

	RLC Re-establishement Information
	O
	
	9.3.1.x
	
	YES
	ignore


---- End of 2nd change ----

---- 3rd change ----
9.3.1.x
RLC Re-establishment Information

This IE indicates the LCID associated with the RLC entity needing re-establishment.

	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	Associated LCID 
	M
	
	9.3.1.35
	


---- End of 3rd change ----
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