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1 Introduction

In the RAN2#102 user plane session, the contents of report of reaching RLC max retransmission for CA duplication were agreed to be as follows:

· 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. 

· The failure information to report for failure of NR RLC bearer concerns LCH ID + MCG/SCG Indication. It is still FFS what to information report for a failing LTE RLC bearer
According to agreements, the report shall include LCH ID and MCG/SCG indication. Since it did not seem possible to use an existing message to provide the concerned failure information, the TP in [1] included introduction of a new RRC message. The concerned TP is merely following agreements from the UP session.

This contribution addresses some further control plane aspects, in particular the need to create a message particularly for the reporting of RLC failure information. We think it would be good to create a more general purpose UE information message that can at least be used for transferring other failure information e.g. SCG failure.

The paper furthermore addresses the transfer of the same failure information via LTE, while a companion paper addresses the message/ procedure to use in LTE (see [3]).
2 Discussion
2.1 Review of relevant scenario’s/ main use cases
The following table provides an overview of network architecture options the corresponding status for CA duplication and RLC failure indication
	Case
	RAN2 status CA duplication
	RAN2 status RLC failure indication

	(NG) EN-DC
	Supported for SCG RLC bearer (from second drop)
	Same as CA duplication

	NR SA
	Supported (referred to as MCG RLC bearer)
	Same as CA duplication

	LTE SA
	Supported (referred to as MCG RLC bearer)
	Same as CA duplication

	NE-DC
	Supported for MCG RLC bearer
	Same as CA duplication

	NR DC
	Supported for non-split bearer (both MCG and SCG RLC bearer)
	Same as CA duplication

	LTE DC
	Supported for non-split bearer (both MCG and SCG RLC bearer)
	Same as CA duplication


Tab. 1: Overview of scenario’s and status of CA duplication and RLC failure indication
There are a number of different scenario’s in which the RLC failure indication applies, covering different combinations of Single and Dual Connectivity (SC and DC respectively) involving LTE and/ or NR radio access technologies. The following table provides an overview.

	Nr
	Case
	RLC bearer
	Using SPell resources
	Procedure
	NR
	LTE
	Remark

	1
	SC (CA)
	MCG
	Y
	Reestablish
	y
	y
	 Same for NR and LTE
 

	2
	
	
	N
	RLC failure
	y
	y
	

	3
	DC
	MCG
	Y
	Reestablish
	y
	y
	For NR, this applies for NR DC and NE DC
For LTE, this applies for LTE DC

	4
	
	
	N
	RLC failure
	y
	y
	

	5
	
	SCG
	Y
	SCG failure
	y
	y
	For NR, this applies for NR DC and (NG) EN DC

For LTE case, this applies for LTE DC

	6
	
	
	N
	RLC failure
	y
	y
	


Tab. 2: Overview of scenario’s and corresponding failure operation

Notes

· Cases 1 and 3 do not involve failure reporting and need not be considered further. I.e. we merely need to consider the cases involving in SCG failure (case 5) and RLC failure (case 2, 4 and 6). Case 2 and 4 can be collapsed (i.e. only need to distinguish RLC failure for MCG and SCG RLC bearer)
· Although the LTE mechanism may not be relevant only in NR involved cases, it seems urgent to progress the topic and hence we assume it is appropriate at NR AH 1807 (relevant for EN-DC)

2.2 Message/ procedure to use, general
General
We think that it would be nice to avoid introducing multiple messages serving a similar purpose like reporting and or retrieving (failure) information from UE to network. E.g. alike the LTE UEInformationResponse message can carry a variety of failure information stored/ logged by the UE. For now we mainly focus on the possibility to use a common message for reporting SCG and RLC failures (but for the NR message use for reporting of other information should be considered).

Before investigating the different failure cases, we try to list some key characteristics relevant for SCG and RLC failures (see table below).
	Characteristics
	Remarks

	Termination i.e. which node is intended to receive and act on the (failure) information (MN or SN)
	Uu should be agnostic of radio network architecture as much as possible. In a network agnostic approach, the receiving network node, based on message contents (failure info) determines if (some of) the received failure information is to be forwarded to another node

	Failing entity i.e. whether the failure concerns a cell, a cell group, a logical channel or radio bearer
	Typically the termination is the node controlling the failing entity (although MN handles complete SCG failure)

	Uu transfer (SRB)
	In principle any available transfer path might be used i.e. limiting based on termination violates general principle that Uu should be agnostic of network architecture


Tab. 3: Key characteristics
The following table reviews the key characteristics for the (relevant) failure indications.
	No
	Failure
	Termination
	Failing entity
	Uu transfer options
	RRC

	A
	SCG RLF: OoS, RA failure
	MN
	SCG/ PSCell
	SRB1 (no other option available so far)
	LTE, NRNote 1

	B
	SCG RLC: max reTx of RLC bearer using SPCell (SCG RLF)
	MN (so far)
	SCG/ PSCell
	SRB1 (SRB3 may not be reliable so far i.e. no split/ duplication)
	LTE, NRNote 1

	C
	RLC failure: max reTx of MCG RLC bearer only using (one or more) SCell 
	MN
	RLC bearer
	SRB1, SRB3?
	LTE, NR

	D
	RLC max reTx of SCG RLC bearer only using (one or more) SCell 
	SN
	RLC bearer
	SRB1, SRB3
	LTE, NR


Tab. 4: Failure signalling cases
Notes

1) Cases for which SCG failure reporting would be needed in NR RRC concern NR DC and NE DC. Cases for which RLC failure reporting would be needed in NR RRC concern EN-DC, SA, NR DC and NE DC

2) This discussion does not affect introduction of SCG failure reporting in NR (but such reporting should be considered i.e. would be good if initial signalling can support introduction of this easily)
We understand there has not been any discussion/ conclusion about the SRBs that can be used for reporting RLC failure info. As nodes can forward information received, there is no need to only consider the direct path i.e. SRB1 may be used for failures terminated in SN. So far we have not used a similar kind of forwarding by SN towards MN. Although possible, we are not sure about the real need to support this option.

We assume it is thus quite straightforward that in case of EN-DC SRB1 and SRB3 may be used for reporting RLC failure in SCG RLC bearers (non-split).The main question seems to be whether in case of EN-DC SRB3 may be used for reporting failure in MCG RLC bearers (non-split). We are so far not really sure this is needed and hence propose:
Proposal 1:
For EN-DC, the following SRBs may be used for reporting RLC failure info:
· 
SRB1 and SRB3 can be used for failure of SCG RLC bearers
· 
SRB1 can be used for failure of MCG RLC bearers
Further signaling details (for case direct path is used)
As indicated in the previous, we think it would be good to have more general purpose messages by which the UE can provide different kind of information i.e. not only RLF failure but at least also other failure information e.g. SCG failure. Based on this, the following table provides an overview of suggested messages covering the main RLC failure cases discussed in the previous as well as SCG failure. The table only covers the cases in which the direct signalling path is used.
	Message
	Failure
	Case
	Uu xfer

	NR RRC UEInformation
	MCG RLC bearer
	NR SA, NR DC, NE DC
	SRB1

	NR RRC UEInformation
	SCG RLC bearer
	EN-DC
	SRB3

	NR RRC UEInformation
	SCG RLC bearer
	NR DC
	SRB1

	NR RRC UEInformation
	SCG failure
	NR DC, NE DC
	SRB1

	LTE RRC SCGFailure
	MCG RLC bearer
	LTE SA, LTE DC
	SRB1


Tab. 5: Suggested failure messages, and main use cases (direct path)
Altogether we propose:

Proposal 2:
For NR, transfer the information regarding RLC bearer failures by means of a general UE information message and use it for RLC bearer/ SCG failure information regardless of termination, failing entity and SRB (not excluding use for other information)

In LTE there already is a message for reporting (SCG) failure information. Hence, it seems most appropriate to re-use that message (i.e. rather than the more general UEInformation message). As all fields in both of the existing SCG failure messages are optional, it indeed seems possible to use these messages for purposes other than SCG failure. Hence we propose:
Reporting of failure information when using the indirect path
W.r.t. the transfer of the failure information, we think there are two primary options we can select between i.e. A and B below. Which model to use, mainly affects the signalling used in case the (failure) information is reported via the indirect path. In particular this affects SCG RLC bearer failure for EN-DC, as well the corresponding NE-DC case (if introduced in future).
A.  Network agnostic/ non-transparent: UE is unaware of the terminating node and uses a message in accordance with the path selected. The receiving node analyses the received message, and based on its content it may forward (parts of) the message

B. Network aware/ transparent: UE is aware of the terminating node. The message generated by the UE is the same regardless of the path selected i.e. in accordance with the terminating node. If the UE transfers the message via another node, the message is transferred by a general purpose UL transfer message (i.e. within a container) and forwarded transparently

Model A requires a node to peek into a message, and forward information it may not know about. More so, the receiving node may not be aware that the other node has actually configured CA duplication. When not configuring SRB3, the other node would moreover only be able to do this when it is aware the receiving node supports the non-transparent forwarding. I.e. model A seems to create some node dependencies.

For this second (NE-DC case), the question is what NR message to use for the transparent forwarding approach. A dedicated message could be introduced for this, but there seems no real need to do so. We suggest to just re-use the same generalized message also used for reporting SCG and RLC bearer failures. The resulting message use/ transfer for these two cases is shown in the following table

For SCG failure, the UE is aware of the termination node (as in model B), but the indirect route (and the associated transparent forwarding) is not available. Model B is also used for measurement reports i.e MN transparently forwards MR related to measurements configured by SN.

Proposal 3:
For reporting of information by the UE, in particular for RLC failure information, apply a model in which the UE is provides the information within a message of the RAT used by the terminating node. In case the indirect path is used, this message is carried in an UL information message, within a container (to facilitate transparent forwarding)

For this second (NE-DC case), the question is what NR message to use when using model B (transparent forwarding). A dedicated message could be introduced for this, but there seems no real need to do so. We suggest re-using the same generalized message also used for reporting SCG and RLC bearer failures. The resulting message use/ transfer for these two cases is shown in the following table (that for completeness also shows the details when using model A).
	Message
	Failure
	Case
	Uu xfer

	Model A

	LTE RRC SCGFailureNR
	SCG RLC bearer
	EN-DC
	SRB1

	NR RRC UEInformation
	SCG RLC bearer
	NE DC (future case)
	SRB1

	Model B

	NR RRC UEInformation in (container in) LTE RRC LInformationTransferMRDC
	SCG RLC bearer
	EN-DC
	SRB1

	LTE RRC SCGFailure in (container in) NR RRC UEInformation
	SCG RLC bearer
	NE DC (future case)
	SRB1


Tab. 6: Suggested failure messages (alternative)
In accordance with the previous we thus propose:

Proposal 4
For EN-DC, transfer failure information by the NR RRC UEInformation carried (in a container) in the LTE RRC InformationTransferMRDC
2.3 Further aspects
Message contents
The message contents upon reporting RLC bearer failures has already been discussed. We understand that the information to report upon failure of an NR RLC bearer has largely been agreed:

· The RLC bearer is indicated by LCID+ CG identity (as LCID is only unique within CG)

· No consensus about need for RRM measurement information i.e. do not include
It seems good to confirm this within a joint/ control plane session and thus we propose:
Proposal 5:
Confirm that upon reporting RLC bearer failures, UE only provides identity of failing RLC bearer (i.e. LCID+ CG identity)

Configurability
We understand that there has been some discussion about the need for configurability and that there was limited support for introducing this. I.e. it seems companies assume the reporting of RLC bearer failures is needed whenever CA duplication is used. If configurability would be introduced, the following options can be considered also:
a) A general on/ off

b) Separate on/ off for MCG and SGC
c) Separate configurability per radio bearer
As indicated in the previous, in some cases both SRB1 and SRB3 might be used for reporting an RLC failure (e.g. failure of SCG RLC bearer in case of EN-DC). We think it would be simplest if UE applies the direct path if available (and otherwise the indirect one). E.g. for reporting failure of SCG RLC bearer in case of EN-DC the UE applies SRB3 if configured and SRB1 otherwise.

Altogether we see no real need for configurability and given previous discussions we think it would be good to confirm this within a joint/ control plane session and thus we propose:

Proposal 6:
Confirm not to introduce configurability for reporting RLC bearer failures i.e. UE always reports RLC failure when configured with CA duplication and UE applies the direct path (SRB) when available

3 Conclusion
In this contribution we discuss the reporting of RLC failure information in NR and LTE RRC, in particular the control plane aspects like which message to use. RAN2 is requested to discuss and conclude the following related proposals:
Proposal 1:
For EN-DC, the following SRBs may be used for reporting RLC failure info:
· 
SRB1 and SRB3 can be used for failure of SCG RLC bearers
· 
SRB1 can be used for failure of MCG RLC bearers
Proposal 2:
For NR, transfer the information regarding RLC bearer failures by means of a general UE information message and use it for RLC bearer/ SCG failure information regardless of termination, failing entity and SRB (not excluding use for other information)

Proposal 3:
For reporting of information by the UE, in particular for RLC failure information, apply a model in which the UE is provides the information within a message of the RAT used by the terminating node. In case the indirect path is used, this message is carried in an UL information message, within a container (to facilitate transparent forwarding)

Proposal 4
For EN-DC, transfer failure information by the NR RRC UEInformation carried (in a container) in the LTE RRC InformationTransferMRDC
Proposal 5:
Confirm that upon reporting RLC bearer failures, UE only provides identity of failing RLC bearer (i.e. LCID+ CG identity)

Proposal 6:
Confirm not to introduce configurability for reporting RLC bearer failures i.e. UE always reports RLC failure when configured with CA duplication and UE applies the direct path (SRB) when available

For the NR RRC message, a corresponding TP is provided in an annex of this contribution. For LTE RRC the similar issue is discussed in a companion paper [3].
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5 Text proposal for NR RRC (Annex)
5.7.x
UE information transfer
5.7.x.1
General
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Figure 5.7.x.1-1: UE information transfer
The purpose of this procedure is to transfer information from the UE to the network, either triggered by the UE or in response to a request from the network. The procedure is a.o. used to notify the network about failure detected by the UE e.g. a failure of the SCG (SPCell) or of an RLC bearer failure.

5.7.x.2
Initiation

A UE initiates the procedure when there is a need to transfer information to the network. In particular, the UE initiates the procedure when the following condition is met:
1>
when reaching the maximum number of RLC retransmissions for an RLC bearer that is not only associated with the SpCell;

Upon initiating the procedure, the UE shall:

1>
initiate transmission of the UEInformation message as specified in 5.7.x.3;
5.7.x.3
Actions related to transmission of UEInformation message
The UE shall set the contents of the UEInformation message as follows:

1>
if the UE initiates transmission of the RLCGFailureInformation message to provide RLC failure information for MCG:
2>
set cellGroupId to indicate the CG of the failing RLC bearer;
2>
set logicalChannelIdentity to the logical channel identity of the failing RLC bearer

The UE shall: 
1>
if the UE initiates transmission of the UEInformation message in accordance with the following:

2>
if used to notify a failure of the PSCell (SCG failure including failure of an RLC bearer only associated with the PSCell); or
2>
else if used to notify a failure of an MCG RLC bearer not only associated with the PCell:
3>
submit the UEInformation message to lower layers for transmission via SRB1;
2>
else if used to notify a failure of an SCG RLC bearer not only associated with the PSCell:
3>
if SRB3 is available (configured and PSCell not in failure);
4>
submit the UEInformation message via SRB3 to lower layers for transmission;

3>
else;

4>
submit the UEInformation message via SRB1 to lower layers for transmission;

–
UEInformation
The UEInformation message is used to transfer information from the UE to the network, either triggered by the UE or in response to a request from the network.

Signalling radio bearer: SRB1 or SRB3
RLC-SAP: AM

Logical channel: DCCH

Direction: UE to network

UEInformation message
-- ASN1START

-- TAG-RLCFAILUREINFORMATION-START

UEInformation ::=




SEQUENCE {


criticalExtensions




CHOICE {



c1








CHOICE {




ueInformation





UEInformation-IEs,




spare3 NULL, spare2 NULL, spare1

NULL



},



criticalExtensionsFuture


SEQUENCE {}


}

}

UEInformation-IEs ::=



SEQUENCE {


failureInfoRLC





FailureInfoRLC



OPTIONAL,


failureInfoSCG





FailureInfoSCG



OPTIONAL,


lateNonCriticalExtension



OCTET STRING



OPTIONAL,


nonCriticalExtension




SEQUENCE {}




OPTIONAL

}

FailureInfoRLC ::=




SEQUENCE {


cellGroupId






CellGroupId,

logicalChannelIdentity



LogicalChannelIdentity
}

FailureReportSCG ::=

SEQUENCE {


failureType-r15





ENUMERATED {












t310-Expiry, randomAccessProblem,












rlc-MaxNumRetx,












scg-ChangeFailure, scg-reconfigFailure,












srb3-IntegrityFailure},


measResultFreqListNR




MeasResultFreqListFailNR-r15

OPTIONAL,


...

}

-- TAG-RLCFAILUREINFORMATION-STOP

-- ASN1STOP
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