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1 Introduction

In the past RAN2 meetings, the RLC failure with respect to the RLC entity associated with SCell only was extensively discussed at UE side for UL CA duplication.  Such failure is detected based on exceeding the maximum retransmission number of the corresponding RLC entity. 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 UL CA duplication

For UL CA duplication, the UE may be potentially configured as shown in Fig. 1:

1) Case 1: one RLC entity is associated with SCell(s) only

In this case, as shown in Fig.1 (a), the DRB1/SRB1 is configured to support UL CA duplication with two RLC entities (e.g., RLC1 and RLC2). The associated logical channel to each RLC entity (e.g., LCID 1 and LCID 2) is restricted to different cells. For RLC 1 and LCID1, the associated cells are PCell1/PSCell1 and SCell1,  while for RLC 2 and LCID 2, the associated cells are SCell2 and SCell3. Specifically, the data from RLC1/LCID1 is transmitted via PCell 1/PSCell 1 and SCell1 only, and that from RLC2/LCID2 is transmitted via SCell2 and SCell3. 

2) Case 2: two RLC entities are associated with SCell(s) only

In this case, as shown in Fig. 1(b), the DRB2/SRB2 is configured with two RLC entities (e.g., RLC3 and RLC4). The associated logical channel to each RLC entity (e.g., LCID 3 and LCID 4) is restricted to different cells. Specifically, RLC3/LCID3 is restricted to SCell4, and RLC4/LCID4 is restricted to SCell5 and SCell6. 
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Fig. 1 Illustration on UL CA duplication configuration

2.2 RLC failure

In RAN2, the failure regarding to the RLC entity associated with SCell(s) only (i.e., RLC reaches the maximum retransmission number) is extensively discussed. Taking Fig. 1 as an example, such failure is referred to the RLC2 for the left figure, or RLC3/RLC4 for the right figure.  Since such failure is not related to PCell/PSCell, RAN2 is not intended to trigger RRC re-establishment procedure. The rationale is that when such failure occurs, the PCell/PSCell is still good so that it is unnecessary to change PCell/PSCell.  In details, we can find RAN2 agreements as follows: 
	· 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


Basically, we can have the following observation based on RAN2’s agreements 
Observation 1: if the maximum retransmission number is reached for the RLC entity associated with SCell(s) only,
· the UE should report such failure to the network side

· the reported information includes LCH ID + MCG/SCG Indication 

· the reporting  message may be a new RRC message

· How network side react to such failure  is not defined by RAN2

With the above observation, we need solve some questions below:

· Question 1: why shall such failure be resolved?

· Answer: when maximum retransmission number is reached, it may be caused by logical error or bad quality of the cell. If such failure is not resolved, the packet will be continuously retransmitted. Then, the TX window at UE side would not move, and the transmission at UE side may be stuck. 
· Question 2: how to resolve this failure? 

· Answer:  Apparently, such failure cannot be solved by UE only. According to RAN2 discussions, it relies on network decision, i.e., it is network implementation issue. Some RAN2 contributions give the possible solutions [1], e.g., 

· Reconfigure the cell (e.g., release the SCell and change to other SCell(s) ): if such failure is caused by cell quality issue, changing the associated SCell can improve the link quality. Then, the retransmission can be resolved.
· Re-establish the corresponding RLC entity: if such failure is caused by a logical error, such failure can be resolved via re-establishing RLC entity. 

· Reconfigure cell and re-establish RLC entity

Observation 2: to resolve RLC failure, some network side actions should be performed.
2.3 Issues for CU-DU split 
In CU-DU split, since RRC is located in CU, the reported information about RLC failure is reached in CU. However, to resolve this issue, it can be relied on CU’s decision or DU’s decision. 

· CU resolves the failure

In the reported information from the UE, the LCID and MCG/SCG indication are included, where the LCID corresponds to the failed RLC entity associated with SCell(s) only. If CU makes the decision on how to resolve RLC failure, it should have some related information. In current specification, when configuring the CA duplication, the DU will feed back the LCID for the primary path only. Thus, the CU cannot know the following information:
a. Whether the primary path is restricted to SCell(s) only or not

b. The LCID of another path

c. The Cell(s) associated for path

d. Which DRB/SRB encounters SCell failure

Because of lacking of the above information, the CU cannot make decision. 

Observation 3: in current specification, CU does not have enough information to be aware of RLC failure. 

        To solve this problem, we can have two solutions:

· Alt 1: when receiving the RLC failure related information, the CU request DU to feed back some information, e.g., the SCell list for the RLC entity restricting to SCell only, the LCID for each path. For this alternative, the signaling procedure can be shown as Fig. 2. 
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Fig. 2 Procedure for Alt. 1
	Step 1: UE sends RLC failure related information to CU

Step 2: CU sends RLC Failure Info. Request Message, including the LCID corresponding to the RLC entity with failure. 

Step 3: DU responses with RLC Failure Info. Response message by including SCells for the path with failure, and the corresponding DRB/SRB ID. 

Step 4: CU makes the decision on solving this failure and send UE Context Modification Request message to DU. 

Step 5: DU responses with UE Context Modification Response Message 

Step 6: CU sends RRC Connection Reconfiguration message.


· Alt 2: when configuring CA duplication, the DU provides more information to the CU, e.g., the SCell list for the RLC entity restricting to SCell only, the LCID for each path. For this alternative, the signaling procedure can be shown as Fig. 3.
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Fig. 3 Procedure for Alt 2
	Step 1: CU sends UE context setup/modification request message to configure CA duplication

Step 2: DU responses with UE context Setup/Modification Response message by including the LCID and SCells for each path of DRB/SRB configured with CA duplication. 

Step 3: UE sends RLC failure related information to CU

Step 4: CU makes the decision on solving this failure and send UE Context Modification Request message to DU. Depending on the decision, such message may include the released SCells, or LCID of re-established RLC entity. 

Step 5: DU responses with UE Context Modification Response Message 

Step 6: CU sends RRC Connection Reconfiguration message.


· DU resolves the failure

Since the SCell failure related information is sent to CU, DU does not aware of such information. 
Observation 4: in current specification, DU does not know the RLC failure. 

If allowing DU to resolve this failure, CU has to send the RLC failure related information to the DU. After that, the DU can make decision on re-establishing the related RLC entity if the associated SCell(s) does not have link quality issue. However, if the DU decides to change the SCell due to the link quality issue, the current specification does not allow the DU performing SCell release and change. 
To solve this problem, we need some enhancements: 
· Alt 3: send RLC failure related information from CU to DU, and allow DU deciding SCell release and change. For this alternative, the signaling procedure can be shown as Fig. 4.
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Fig. 4 Procedure for Alt. 3
	Step 1: UE sends RLC failure related information to CU

Step 2: CU send UE Context Modification Request message to DU by including LCID with failure. 

Step 3: DU responses with UE Context Modification Response Message by including the Released SCells, Modified DRB/SRB even if those SCells and DRB/SRB are not included in Step 2.  

Step 3: CU sends RRC Connection Reconfiguration message.


In the following table, three alternatives above are compared.
	
	Pros.
	Cons.
	Spec. Impact

	CU decides
	Alt 1: CU retrieves some information via sending RLC failure related information to DU


	CU makes decision since CU has more information than DU
	Delay the failure resolution since the CU makes decision after deriving the related information from DU 


	Introduce new procedure for RLC Failure information acquiring. 



	
	Alt 2: provide more information when configuring CA duplication
	
	DU needs to provide additional information for CA duplication even the RLC Failure does not happen
	Add the LCID and SCells for each path of DRB/SRB configured with CA duplication in UE Context Setup/Modification Response Message; 

Add LCID of re-established RLC entity in UE Context Modification Request Message

	DU decides
	Alt 3: send RLC failure related information from CU to DU, and allow DU deciding SCell release and change
	The simplest solution since only 4-step signaling procedure is needed
	Compared to CU, DU may not have enough information for making better decision
	Add LCID with failure in UE Context Modification Request Message. 
Add released SCell and modified DRB/SRB even if even if those SCells and DRB/SRB are not included in Step 2


According to the comparison, we slightly prefer to Alt.1 since it allows CU to make decision and avoid unnecessary information providing as Alt. 2. 
Proposal:  RAN3 is kindly asked to make decision on selecting the following alternatives:

· Alt 1: CU retrieves some information via sending RLC failure related information to DU
· Alt 2: provide more information when configuring CA duplication

· Alt 3: send RLC failure related information from CU to DU, and allow DU deciding SCell release and change

3 Conclusions
In this contribution, we discussed RLC failure, and have the following observations and proposal:
Observation 1: if the maximum retransmission number is reached for the RLC entity associated with SCell(s) only,

· the UE should report such failure to the network side

· the reported information includes LCH ID + MCG/SCG Indication 

· the reporting  message may be a new RRC message

· How network side react to such failure  is not defined by RAN2

Observation 2: to resolve RLC failure, some network side actions should be performed.
Observation 3: in current specification, CU does not have enough information to be aware of RLC failure. 

Observation 4: in current specification, DU does not know the RLC failure. 

Proposal:  RAN3 is kindly asked to make decision on selecting the following alternatives:

· Alt 1: CU retrieves some information via sending RLC failure related information to DU
· Alt 2: provide more information when configure CA duplication

· Alt 3: send RLC failure related information from CU to DU, and allow DU deciding SCell release and change

To facilitate the understanding, the corresponding stage 3 TP for Alt.1 is given below, and stage 3 TP for Atl. 2&3 are given in [2] & [3], respectively .  
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---- 1st change ----

8.1
List of F1AP Elementary procedures

In the following tables, all EPs are divided into Class 1 and Class 2 EPs (see subclause 3.1 for explanation of the different classes):

Table 1: Class 1 procedures

	Elementary Procedure
	Initiating Message
	Successful Outcome
	Unsuccessful Outcome

	
	
	Response message
	Response message

	Reset
	RESET
	RESET ACKNOWLEDGE
	

	F1 Setup
	F1 SETUP REQUEST
	F1 SETUP RESPONSE
	F1 SETUP FAILURE

	gNB-DU Configuration Update
	GNB-DU CONFIGURATION UPDATE
	GNB-DU CONFIGURATION UPDATE ACKNOWLEDGE
	GNB-DU CONFIGURATION UPDATE FAILURE

	gNB-CU Configuration Update
	GNB-CU CONFIGURATION UPDATE
	GNB-CU CONFIGURATION UPDATE ACKNOWLEDGE
	GNB-CU CONFIGURATION UPDATE FAILURE

	UE Context Setup
	UE CONTEXT SETUP REQUEST
	UE CONTEXT SETUP RESPONSE
	UE CONTEXT SETUP FAILURE

	UE Context Release (gNB-CU initiated)
	UE CONTEXT RELEASE COMMAND
	UE CONTEXT RELEASE COMPLETE
	

	UE Context Modification (gNB-CU initiated)
	UE CONTEXT MODIFICATION REQUEST
	UE CONTEXT MODIFICATION RESPONSE
	UE CONTEXT MODIFICATION FAILURE

	UE Context Modification Required (gNB-DU initiated)
	UE CONTEXT MODIFICATION REQUIRED
	UE CONTEXT MODIFICATION CONFIRM
	

	Write-Replace Warning 
	WRITE-REPLACE WARNING REQUEST
	WRITE-REPLACE WARNING RESPONSE
	

	PWS Cancel
	PWS CANCEL REQUEST
	PWS CANCEL RESPONSE
	

	GNB-DU RESOURCE COORDINATION
	GNB-DU RESOURCE COORDINATION REQUEST
	GNB-DU RESOURCE COORDINATION RESPONSE
	

	RLC Failure Information Retrieve
	RLC FAILURE INFORMATION REQUEST
	RLC FAILURE INFORMATION RESPONSE
	


---  end of 1st change -----

---- 2nd  change ----
8.3.x
RLC Failure Information Retrieve
8.3.x.1
General

The purpose of the RLC Failure Information Retrieve procedure is to enable the gNB-DU to provide the gNB-CU that the information related to RLC Failure with respect to the RLC entity associated with SCell(s) only for UL CA duplication. The procedure uses UE-associated signalling.

8.3.x.2
Successful Operation
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Figure 8.3.x.2-1: RLC Failure Information Retrieve. Successful operation. 

The gNB-CU initiates the procedure by sending a RLC FAILURE INFORMATION REQUEST message. 

The RLC Failure Information Request message shall contain LCID corresponding to the RLC entity associated with SCell(s) only and exceeding the maximum retransmission number for UL CA duplication.
The gNB-DU shall report to the gNB-CU, in the RLC FAILURE INFORMATION RESPONSE message, the DRB or SRB ID and the list of SCell(s) associated with LCID in RLC FAILURE INFORMATION REQUEST message.
8.3.x.3
Abnormal Conditions

Not applicable.
---  end of 2nd change -----
---  3rd change -----
9.2.2.xx
RLC FAILURE INFORMATION REQUEST

This message is sent by the gNB-CU to provide information to gNB-DU about LCID corresponding to the RLC entity associated with SCell(s) only and exceeding the maximum retransmission number.
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

	Failed LCID
	M
	
	9.3.1.35
	The LCID corresponding to RLC entity associated with SCells only and encountering the failure caused by exceeding the maximum retransmission number for UL CA duplication.
	YES
	reject


9.2.2.yy
RLC FAILURE INFORMATION RESPONSE

This message is sent by the gNB-DU to provide information to gNB-CU about the DRB or SRB ID and the list of SCell(s) corresponding to the RLC entity associated with SCell(s) only and exceeding the maximum retransmission number.
Direction: gNB-DU ( gNB-CU

	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

	RLC Failure Information
	M
	
	9.3.1.xx
	
	YES
	reject


---  end of 3rd change -----
---  4th change -----
9.3.1.xx
RLC Failure Information 

This IE contains Scell failure related information at gNB-DU side.

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

	CHOICE RB type 
	
	
	
	
	–
	–

	>SRB
	
	
	
	
	
	

	>>SRB ID
	M
	
	9.3.1.7
	
	-
	-

	>DRB
	
	
	
	
	-
	-

	>>DRB ID
	M
	
	9.3.1.8
	
	-
	-

	SCell List
	
	1
	
	The list of SCells corresponding to the RLC entity exceeding the maximum retransmission number for UL CA duplication
	–
	–

	>SCell Item IEs
	
	1..<maxnoofSCells>
	
	
	–
	–

	>>SCell ID
	M
	
	NR CGI

9.3.1.12
	
	–
	–


	Range bound
	Explanation

	maxnoofSCells
	Maximum no. of SCells allowed towards one UE, the maximum value is 32.


---  end of 4th change -----
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