Page 4
Draft prETS 300 ???: Month YYYY


3GPP TSG RAN WG3 meeting #98
R3-174477
Reno, Nevada, US, Nov. 27th – Dec.1st 2017
Agenda Item:
10.10.2.4
Source: 
Huawei
Title:
RRC connection reestablishment procedure for CU-DU
Document for:
Discussion and Decision
1 Introduction
During past RAN3 meetings, UE initial access procedure [1] and inter-DU mobility procedure [2] are discussed and captured in TS 38.401. In this paper, RRC connection reestablishment procedure is discussed. 
2 Discussion
UE triggers RRC connection reestablishment procedure in order to resuming SRB1 operation, re-activate of security and the configuration of the PCell. There are typically three scenarios,  
· Intra-DU RRC reestablishment: UE connects to the original gNB-DU

· Inter-DU RRC reestablishment: UE connects to another gNB-DU associated with the original gNB-CU
· inter-CU RRC reestablishment: UE connects to another gNB-DU associated with another gNB-CU

For inter-CU RRC reestablishment, it is expected that RLF indication over Xn interface will be triggered in order to acquire UE context in the source gNB. After that, the message exchange between gNB-CU and gNB-DU are the same as intra-DU and inter-DU scenario. There’re two options for gNB-DU’s behaviors upon RRC connection reestablishment, according to the assumption that whether the context is stored in DU or not
· Option 1:  utilize the preserved UE context in gNB-DU if context is available in old DU;
· Option 2:  setup UE context in new gNB-DU no matter new gNB-DU and old gNB-DU are the same if UE context was released or ignored in old gNB-DU. 
For option 1, both behaviors of gNB-CU and gNB-DU will be different based on whether UE connects to the original gNB-DU or not. For intra-DU RRC connection reestablishment, gNB-CU needs to provide information for gNB-DU to find the UE context and replace old C-RNTI with newly allocated C-RNTI. Otherwise, gNB-CU will trigger UE context setup request similar as UE initial access. That is, the RRC connection reestablishment procedures for intra-DU and inter-DU cannot be unified. Therefore, option 2 is preferred in order to unify procedure for different scenarios. 
Proposal 1

It is suggested to setup UE context in new gNB-DU and release old UE context in old gNB-DU in order to unify RRC connection reestablishment procedures for all cases.  
When UE sends RRC connection reestablishment request, gNB-CU needs to fetch UE context based on PCI and C-RNTI. That is, gNB-CU needs to acquire PCI upon UE initial access, in order to be able to find UE context in case of RRC connection reestablish procedure. There’re mainly two ways for the gNB-DU to send PCI to gNB-CU, i.e., over F1AP message INITIAL UL RRC MESSAGE or UE CONTEXT SETUP RESPONSE. C-RNTI is already agreed to be added into the first UL RRC message, since there is also NR Cell ID to be included which was discussed in other papers, so this IE could be optional. Therefore, 

Proposal 2

It is proposed to add PCI IE into INITIAL UL RRC MESSAGE TRANSFER. 

In latest RAN3 #97bis meeting, three alternatives of UE initial access are discussed in [3]. Signaling flow for different cases of initial access include attach, idle to connected, inactive to connected, and RRC connection reestablishment etc. In order to unify the signaling flow as much as possible, the related cases can be separated into two categories. 

· Cat1:   SRB1 setup first between gNB-CU and gNB-DU, and DRBs setup later after negotiated with 5GC. e.g., attach, idle to connected etc. 

· Cat2:   SRB 1 can be setup together with DRBs as gNB-CU preserves or can acquire UE context from the source gNB. e.g., inactive to connected, RRC connection reestablishment. 

For Cat1, either Alt1 or Alt3 are ok. Alt1 enables fast initial access but concatenates RRC message transfer and DU resource allocation. Alt3 separate RRC message transfer and DU resource allocation, but introduce more latency. For Cat2, as DRBs to be added list together with QoS profiles will be included in UE context setup request, gNB-DU may accept or reject the establishment of DRBs based on admission control criteria (e.g., resource not available). Therefore, gNB-DU’s response should be taken into account for the gNB-CU to decide whether to accept the RRC connection resume or RRC connection reestablishment request. That is, Alt3 should be used for Cat2.
Observation: Since gNB-CU is aware that whether the received RRC connection request is for the purpose of re-establishment, inactive resume or initial access, it is up to gNB-CU to decide which action to take, i.e. to send DL RRC transfer or UE CONTEXT SETUP.
Proposal 3

It is proposed Alt3 to be used for RRC connection reestablishment procedure. 
In the following, we take intra-DU/intra-CU RRC reestablishment as an example. The signaling flow for RRC connection reestablishment procedure based on Alt3 is shown in Fig.1. 
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Fig.1 RRC connection reestablishment procedure
Step1: UE sends preamble to the gNB-CU. 
Step 2: The gNB-DU allocates new C-RNTI and responds UE with RAR.

Step 3: UE sends RRC Connection Reestablishment Request message to the gNB-DU, which contains old C-RNTI and old PCI. 
Step 4: The gNB-DU allocates gNB-DU F1AP UE ID and includes the RRC message in a non-UE associated F1-AP INITIAL UL RRC MESSAGE TRANSFER message and transfer to the gNB-CU. The INITAIL UL RRC MESSAGE TRANSFER message should include gNB-DU F1AP UE ID, new C-RNTI and new PCI.
Step 5: The gNB-CU allocates gNB-CU UE F1AP ID and sends F1AP message UE CONTEXT SETUP REQUEST to establish overall initial UE context in the gNB-DU, which also contains SRB ID and DRB IDs to be setup.
Step 6: the gNB-DU sends UE CONTEXT SETUP RESPONSE message to gNB-CU, containing RLC/MAC/PHY configuration of the corresponding SRB ID and DRB IDs provided by gNB-CU. 
Step 7: the gNB-CU generates RRC CONNECTION REESTABLISHMENT message towards UE. The RRC message is encapsulated in F1-AP DL RRC MESSAGE TRANSFER message. 
NOTE: step 7 can be omitted if RRC CONNECTION REESTABLISHMENT is piggyback in step 5.

Step 8: The gNB-DU sends RRC CONNECTION REESTABLISHMENT message to UE.
Step 9: UE sends RRC CONNECTION REESTABLISHMENT COMPLETE message to the gNB-DU. 
Step 10: The gNB-DU encapsulates the RRC message in F1-AP UL RRC MESSAGE TRANSFER message and send to gNB-CU. 
Step 11: the gNB-CU generates RRC CONNECTION RECONFIGURATION message towards UE. The RRC message is encapsulated in F1-AP DL RRC MESSAGE TRANSFER message. 
Step 12: The gNB-DU sends RRC CONNECTION RECONFIGURATION message to UE.
Step 13: UE sends RRC CONNECTION RECONFIGURATION COMPLETE message to the gNB-DU.
Step 14: The gNB-DU encapsulates the RRC message in F1-AP UL RRC MESSAGE TRANSFER message and send to gNB-CU. 
Step 15: the gNB-CU finds UE context based on old C-RNTI and old PCI contained in RRC CONNECTION REESTABLISHMENT REQUEST message. Based on the UE context, gNB-CU is able to find the associated old gNB-DU. 
Step 16: the gNB-CU sends F1AP message UE CONTEXT RELEASE REQUEST to the old gNB-DU found in the UE context.

Step 17: the old gNB-DU release UE context and sends F1AP message UE CONTEXT RELEASE RESPONSE to the gNB-CU.
NOTE: it is possible that old gNB-DU and gNB-DU are the same for intra-DU RRC reestablishment case.

Proposal 4
It is proposed RAN3 to agree the proposed call-flow for the RRC connected reestablishment procedure.

Proposal 5

It is proposed to agree the TP for TS 38.401 in the annex.
3 Conclusion and Proposals
Based on the discussion, we have the following observations and proposals:
Proposal 1
It is suggested to setup UE context in new gNB-DU and release old UE context in old gNB-DU in order to unify RRC connection reestablishment procedures for all cases.  
Proposal 2

It is proposed to add PCI IE into INITIAL UL RRC MESSAGE TRANSFER. 
Observation
Since gNB-CU is aware that whether the received RRC connection request is for the purpose of re-establishment, inactive resume or initial access, it is up to gNB-CU to decide which action to take, i.e. to send DL RRC transfer or UE CONTEXT SETUP.
Proposal 3

It is proposed Alt3 to be used for RRC connection reestablishment procedure. 
Proposal 4
It is proposed RAN3 to agree the proposed call-flow for the RRC connected reestablishment procedure.
Proposal 5

It is proposed to agree the TP for TS 38.401 in the annex.
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4 Annex 
4.1 Text proposal 38.401 v0.4.1
----------------Start the change of the Text--------------
8.x RRC state transition

8.x.3 RRC connection reestablishment procedure
This section gives the RRC connection reestablishment procedure given that gNB consists of gNB-CU and gNB-DU(s), as shown in Figure 8.x.3-1. 
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Fig 8.x.3-1 RRC connection reestablishment procedure

Step1: UE sends preamble to the gNB-CU. 
Step 2: The gNB-DU allocates new C-RNTI and responds UE with RAR.

Step 3: UE sends RRC Connection Reestablishment Request message to the gNB-DU, which contains old C-RNTI and old PCI. 
Step 4: The gNB-DU allocates gNB-DU F1AP UE ID and includes the RRC message in a non-UE associated F1-AP INITIAL UL RRC MESSAGE TRANSFER message and transfer to the gNB-CU. The INITAIL UL RRC MESSAGE TRANSFER message should include gNB-DU F1AP UE ID, new C-RNTI and new PCI.
Step 5: The gNB-CU allocates gNB-CU UE F1AP ID and sends F1AP message UE CONTEXT SETUP REQUEST to establish overall initial UE context in the gNB-DU, which also contains SRB ID and DRB IDs to be setup.

Step 6: the gNB-DU sends UE CONTEXT SETUP RESPONSE message to gNB-CU, containing RLC/MAC/PHY configuration of the corresponding SRB ID and DRB IDs provided by gNB-CU. 

Step 7: the gNB-CU generates RRC CONNECTION REESTABLISHMENT message towards UE. The RRC message is encapsulated in F1-AP DL RRC MESSAGE TRANSFER message. 
NOTE: step 7 can be omitted if RRC CONNECTION REESTABLISHMENT is piggyback in step 5.

Step 8: The gNB-DU sends RRC CONNECTION REESTABLISHMENT message to UE.
Step 9: UE sends RRC CONNECTION REESTABLISHMENT COMPLETE message to the gNB-DU. 
Step 10: The gNB-DU encapsulates the RRC message in F1-AP UL RRC MESSAGE TRANSFER message and send to gNB-CU. 
Step 11: the gNB-CU generates RRC CONNECTION RECONFIGURATION message towards UE. The RRC message is encapsulated in F1-AP DL RRC MESSAGE TRANSFER message. 
Step 12: The gNB-DU sends RRC CONNECTION RECONFIGURATION message to UE.
Step 13: UE sends RRC CONNECTION RECONFIGURATION COMPLETE message to the gNB-DU.
Step 14: The gNB-DU encapsulates the RRC message in F1-AP UL RRC MESSAGE TRANSFER message and send to gNB-CU. 
Step 15: the gNB-CU finds UE context based on old C-RNTI and old PCI contained in RRC CONNECTION REESTABLISHMENT REQUEST message. Based on the UE context, gNB-CU is able to find the associated old gNB-DU. 

Step 16: the gNB-CU sends F1AP message UE CONTEXT RELEASE REQUEST to the old gNB-DU found in the UE context.

Step 17: the old gNB-DU release UE context and sends F1AP message UE CONTEXT RELEASE RESPONSE to the gNB-CU.

NOTE: it is possible that old gNB-DU and gNB-DU are the same for intra-DU RRC reestablishment case.
----------------End the change of the Text--------------
4.2 Text proposal 38.473 v0.4.0

----------------Start the change of the Text--------------
9.2.3 
RRC Message Transfer messages
9.2.3.1
INITIAL UL RRC MESSAGE TRANSFER
This message is sent by the gNB-DU to transfer the initial layer 3 message to the gNB-CU over the F1 interface.

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
	ignore

	gNB-DU UE F1AP ID
	M
	
	9.3.1.5
	
	YES
	reject

	PCI 
	O
	
	FFS
	Physical Cell Identifier of the serving cell
	YES
	reject

	C-RNTI
	M
	
	FFS
	C-RNTI allocated at the gNB-DU
	YES
	reject

	RRC-Container
	M
	
	9.3.1.6
	
	
	


Editor’s note: When UE sends RRC connection reestablishment request, gNB-CU needs to fetch UE context based on PCI and C-RNTI. That is, PCI is included in F1AP message INITIAL UL RRC MESSAGE TRANSFER. The IE definition of C-RNTI and PCI are FFS pending agreements in other groups. 
<---Texts Omitted--->
9.4.4
PDU Definitions
-- **************************************************************

--

-- PDU definitions for F1AP.

--

-- **************************************************************

F1AP-PDU-Contents { 

itu-t (0) identified-organization (4) etsi (0) mobileDomain (0) 

ngran-access (22) modules (3) f1ap (3) version1 (1) f1ap-PDU-Contents (1) }

DEFINITIONS AUTOMATIC TAGS ::= 

BEGIN

-- **************************************************************

--

-- IE parameter types from other modules.

--

-- **************************************************************

IMPORTS


Cause,

CriticalityDiagnostics,


GNB-CU-F1AP-ID,

GNB-DU-F1AP-ID,

TimeToWait,


UE-associatedLogicalF1-ConnectionItem,


RRCContainer,

SRBID
FROM F1AP-IEs

PrivateIE-Container{},


ProtocolExtensionContainer{},


ProtocolIE-Container{},


ProtocolIE-ContainerList{},


ProtocolIE-ContainerPair{},


ProtocolIE-ContainerPairList{},


ProtocolIE-SingleContainer{},


F1AP-PRIVATE-IES,


F1AP-PROTOCOL-EXTENSION,


F1AP-PROTOCOL-IES,


F1AP-PROTOCOL-IES-PAIR

FROM F1AP-Containers


id-Cause,


id-CriticalityDiagnostics,


id-gNB-CU-F1AP-ID, 

id-gNB-DU-F1AP-ID,

id-ResetType,


id-TimeToWait,


id-UE-associatedLogicalF1-ConnectionItem,


id-UE-associatedLogicalF1-ConnectionListResAck,

id-RRCContainer,

id-SRBID,

maxnoofErrors,


maxnoofIndividualF1ConnectionsToReset,

id-CRNTI,


id-PCI
FROM F1AP-Constants;

<---Texts Omitted--->
-- **************************************************************

--

-- Initial UL RRC Message Transfer ELEMENTARY PROCEDURE

--

-- **************************************************************

-- **************************************************************

--

-- Initial UL RRC Message Transfer
--

-- **************************************************************

InitialULRRCMessageTransfer ::= SEQUENCE {


protocolIEs


ProtocolIE-Container       {{ InitialULRRCMessageTransferIEs}},


...

}

InitialULRRCMessageTransferIEs F1AP-PROTOCOL-IES ::= {

{ ID id-gNB-DU-F1AP-ID


CRITICALITY reject
TYPE GNB-DU-F1AP-ID

PRESENCE mandatory
}|


{ ID id-CRNTI




CRITICALITY reject
TYPE
 CRNTI



PRESENCE mandatory
}|

{ ID id-PCI





CRITICALITY reject
TYPE
 PCI




PRESENCE OPTIONAL
}|

{ ID id-RRCContainer



CRITICALITY reject
TYPE
 RRCContainer

PRESENCE mandatory
},

...

}

<---Texts Omitted--->
-- C

Cause ::= CHOICE {


radioNetwork

CauseRadioNetwork,


transport


CauseTransport,


protocol


CauseProtocol,


misc



CauseMisc,


...

}

CauseMisc ::= ENUMERATED {


control-processing-overload,


not-enough-user-plane-processing-resources,


hardware-failure,


om-intervention,


unspecified,
...

}

CauseProtocol ::= ENUMERATED {


transfer-syntax-error,


abstract-syntax-error-reject,


abstract-syntax-error-ignore-and-notify,


message-not-compatible-with-receiver-state,


semantic-error,


abstract-syntax-error-falsely-constructed-message,


unspecified,


...

}

CauseRadioNetwork ::= ENUMERATED {


unspecified,


...

}

CauseTransport ::= ENUMERATED {


unspecified,


...

}

CriticalityDiagnostics ::= SEQUENCE {


procedureCode




ProcedureCode













OPTIONAL,


triggeringMessage



TriggeringMessage












OPTIONAL,


procedureCriticality


Criticality














OPTIONAL,


iEsCriticalityDiagnostics

CriticalityDiagnostics-IE-List









OPTIONAL,


iE-Extensions




ProtocolExtensionContainer {{CriticalityDiagnostics-ExtIEs}}

OPTIONAL,


...

}

CriticalityDiagnostics-ExtIEs F1AP-PROTOCOL-EXTENSION ::= {


...

}

CriticalityDiagnostics-IE-List ::= SEQUENCE (SIZE (1.. maxnoofErrors)) OF CriticalityDiagnostics-IE-Item

CriticalityDiagnostics-IE-Item ::= SEQUENCE {


iECriticality


Criticality,


iE-ID




ProtocolIE-ID,


typeOfError 


TypeOfError,


iE-Extensions


ProtocolExtensionContainer {{CriticalityDiagnostics-IE-Item-ExtIEs}}
OPTIONAL,


...

}

CriticalityDiagnostics-IE-Item-ExtIEs F1AP-PROTOCOL-EXTENSION ::= {


...

}
CRNTI
::= BIT STRING (SIZE(16, ...))
<---Texts Omitted--->
-- P
PCI
::= INTEGER (1..512)   -- range to be confirmed FFS
<---Texts Omitted--->
-- **************************************************************

--

-- IEs

--

-- **************************************************************

id-Cause










ProtocolIE-ID ::= 0

id-CriticalityDiagnostics






ProtocolIE-ID ::= 1
id-gNB-DU-F1AP-ID








ProtocolIE-ID ::= 2
id-gNB-CU-F1AP-ID








ProtocolIE-ID ::= 3
id-ResetType










ProtocolIE-ID ::= 4
id-TimeToWait









ProtocolIE-ID ::= 5
id-UE-associatedLogicalF1-ConnectionItem 


ProtocolIE-ID ::= 6
id-UE-associatedLogicalF1-ConnectionListResAck

ProtocolIE-ID ::= 7

id-RRCContainer









ProtocolIE-ID ::= 8
id-SRBID











ProtocolIE-ID ::= 9
id-CRNTI











ProtocolIE-ID ::= x
id-PCI











ProtocolIE-ID ::= x
----------------End the change of the Text--------------
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