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1. Introduction
RAN3 has defined a set of new X2AP messages that are EN-DC specific covering SgNB addition/modification/release procedures, and also COUNT CHECK. Although the interface between SgNB and MeNB is still called X2, in the RAN3#97bis meeting, RAN3 agreed new messages for both the EN-DC X2 setup and the EN-DC X2 reconfiguration, due to the different cell information exchanged in these procedures [1]. In [2], we discuss whether other global X2 messages could be reused with possible extension for EN-DC operation, or new X2 messages need to be defined for the EN-DC case.
Moreover, the following two X2 basic mobility procedures are also needed for EN-DC operation:

· SN STATUS TRANSFER
· UE CONTEXT RELEASE 

In this contribution we discuss whether to reuse the two X2 basic mobility procedures, with or without extension, or to introduce new messages for the EN-DC case.
2. Discussion

SN STATUS TRANSFER
This message is sent by the source eNB to the target eNB to transfer the uplink/downlink PDCP SN and HFN status during a handover. When the LTE-LTE DC was introduced, the SN STATUS TRANSFER message was reused when an E-RAB context is transferred from one node to another node. For example, in the case of bearer type change from SCG (split) bearer to MCG (split) bearer, and SeNB change and MeNB change [6].  
To be able to reuse the SN STATUS TRANSFER message for the EN-DC case, we need to check the involved IEs: 

· Old/New eNB UE X2AP ID: although a new IE gNB UE X2AP ID has been defined, the value range is the same as that for the eNB UE X2AP ID.

· COUNT and PDCP SN: RAN2 has agreed that the length of PDCP SN is 12 or 18 bits and the length of PDCP COUNT is 32 bits for NR [5]. SA3 confirmed the length of COUNT is 32 bits in [4]. This way, there is no change in the length of PDCP COUNT / PDCP SN for NR compared with LTE.
To this end, we can conclude that the SN STATUS TRANSFER message can be reused for the EN-DC case, with only one clarification that in the case of EN-DC, the Old/New eNB UE X2AP ID can refer to gNB UE X2AP ID.
Moreover, the SN STATUS TRANSFER message is not only used between MeNB and SgNB but also between two MeNBs during MeNB change (i.e. handover). So it would be more consistent to use the same message for all cases.
Proposal 1a: RAN3 clarify that Old/New eNB UE X2AP ID can refer to gNB UE X2AP ID in the EN-DC case 

Proposal 1b: RAN3 agree to reuse the SN STATUS TRANSFER message for the EN-DC case, i.e. no need to define a new message
UE CONTEXT RELEASE 
This message is sent by the target eNB to the source eNB to indicate that resources can be released. When the LTE-LTE DC was introduced, the UE CONTEXT RELEASE message is reused e.g. to release UE context in SeNB upon SeNB release or SeNB change [6].
This message involves only IE Old/New eNB UE X2AP ID, if proposal 1a is agreeable, we prefer to reuse this message for the EN-DC case as well. 

Proposal 2: RAN3 agree to reuse the UE CONTEXT RELEASE message for the EN-DC case, i.e. no need to define a new message
3. Conclusion

This contribution discuss whether the two X2 basic mobility procedures may be reused. The following are proposals:
Proposal 1a: RAN3 clarify that Old/New eNB UE X2AP ID can refer to gNB UE X2AP ID in the EN-DC case 

Proposal 1b: RAN3 agree to reuse the SN STATUS TRANSFER message for the EN-DC case, i.e. no need to define a new message
Proposal 2: RAN3 agree to reuse the UE CONTEXT RELEASE message for the EN-DC case, i.e. no need to define a new message
Proposal 3: RAN3 is kindly asked to agree the TP below for TS 36.423

4. References 

[1] RAN3#97bis Chairman report 
[2] R3-174672, X2 management procedures for EN-DC, NEC

[3] 3GPP TS 36.423, X2 application protocol (X2AP)
[4] S3-172079, LS on NR security input parameters
[5] 3GPP TS 38.323, PDCP Specification

[6] R3-141333, CR Applicability of Existing X2AP procedures for Dual Connectivity
4. Text Proposal for TS 36.423
…………………..first change……………………………
8.2.2

SN Status Transfer

8.2.2.1
General

The purpose of the SN Status Transfer procedure is to transfer the uplink PDCP SN and HFN receiver status and the downlink PDCP SN and HFN transmitter status either, from the source to the target eNB during an X2 handover, or between the eNBs involved in dual connectivity and/or LWA, or between eNB and en-gNB involved in EN-DC, for each respective E-RAB for which PDCP SN and HFN status preservation applies.

If the SN Status Transfer procedure is applied in the course of dual connectivity, EN-DC and/or LWA, in the subsequent specification text

-
the behaviour of the eNB/en-gNB from which the E-RAB context is transferred, i.e., the eNB/en-gNB involved in dual connectivity and/or LWA from which data forwarding, is specified by the behaviour of the "source eNB",

-
the behaviour of the eNB to which the E-RAB context is transferred, i.e., the eNB/en-gNB involved in dual connectivity and/or LWA to which data is forwarded, is specified by the behaviour of the "target eNB".

The procedure uses UE-associated signalling.

8.2.2.2
Successful Operation
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Figure 8.2.2.2-1: SN Status Transfer, successful operation

The source eNB initiates the procedure by stop assigning PDCP SNs to downlink SDUs and stop delivering UL SDUs towards the EPC and sending the SN STATUS TRANSFER message to the target eNB at the time point when it considers the transmitter/receiver status to be frozen. The target eNB using Full Configuration for this handover as per TS 36.300 [15] shall ignore the information received in this message.

The E-RABs Subject To Status Transfer List IE included in the SN STATUS TRANSFER message contains the E-RAB ID(s) corresponding to the E-RAB(s) for which PDCP SN and HFN status preservation shall be applied.

If the source eNB includes in the SN STATUS TRANSFER message, the information on the missing and received uplink SDUs in the Receive Status Of UL PDCP SDUs IE or Receive Status Of UL PDCP SDUs Extended IE or Receive Status Of UL PDCP SDUs for PDCP SN Length 18 IE for each E-RAB for which the source eNB has accepted the request from the target eNB for uplink forwarding, then the target eNB may use it in a Status Report message sent to the UE over the radio.
For each E-RAB for which the DL COUNT Value IE is received in the SN STATUS TRANSFER message, the target eNB shall use it to mark with the value contained in the PDCP-SN IE of this IE the first downlink packet for which there is no PDCP SN yet assigned. If the DL COUNT Value Extended IE or DL COUNT Value for PDCP SN Length 18 IE is included in the E-RABs Subject To Status Transfer Item IE, the target eNB shall, if supported, use the value contained in the PDCP-SN Extended IE of the DL COUNT Value Extended IE or PDCP-SN Length 18 IE of the DL COUNT Value for PDCP SN Length 18 IE instead of the value contained in the PDCP-SN IE of the DL COUNT Value IE.

For each E-RAB for which the UL COUNT Value IE is received in the SN STATUS TRANSFER message, the target eNB shall not deliver any uplink packet which has a PDCP SN lower than the value contained in the PDCP-SN IE of this IE. If the UL COUNT Value Extended IE or UL COUNT Value for PDCP SN Length 18 IE is included in the E-RABs Subject To Status Transfer Item IE, the target eNB shall, if supported, use the value contained in the PDCP-SN Extended IE of the UL COUNT Value Extended IE or PDCP-SN Length 18 IE of the UL COUNT Value for PDCP SN Length 18 IE instead of the value contained in the PDCP-SN IE of the UL COUNT Value IE.

8.2.2.3
Abnormal Conditions

If the target eNB receives this message for a UE for which no prepared handover exists at the target eNB, the target eNB shall ignore the message.

8.2.3
UE Context Release

8.2.3.1
General

For handover, the UE Context Release procedure is initiated by the target eNB to indicate to the source eNB that radio and control plane resources for the associated UE context are allowed to be released.

For dual connectivity, UE Context Release procedure is initiated by the MeNB to finally release the UE context at the SeNB. For dual connectivity specific mobility scenarios specified in TS 36.300 [15] only resources related to the UE-associated signalling connection between the MeNB and the SeNB are released.
For EN-DC, UE Context Release procedure is initiated by the MeNB to finally release the UE context at the SgNB. For EN-DC specific mobility scenarios specified in TS 37.340 [yy] only resources related to the UE-associated signalling connection between the MeNB and the SgNB are released.

The procedure uses UE-associated signalling.

8.2.3.2
Successful Operation
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Figure 8.2.3.2-1: UE Context Release, successful operation for handover
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Figure 8.2.3.2-2: UE Context Release, successful operation for dual connectivity

Handover

The UE Context Release procedure is initiated by the target eNB. By sending the UE CONTEXT RELEASE message the target eNB informs the source eNB of Handover success and triggers the release of resources. 
Upon reception of the UE CONTEXT RELEASE message, the source eNB may release radio and control plane related resources associated to the UE context. For E-RABs for which data forwarding has been performed, the source eNB should continue forwarding of U-plane data as long as packets are received at the source eNB from the EPC or the source eNB buffer has not been emptied (an implementation dependent mechanism decides that data forwarding can be stopped). When the eNB supporting L-GW function for SIPTO@LN operation releases radio and control plane related resources associated to the UE context, it shall also request using intra-node signalling the collocated L-GW to release the SIPTO@LN PDN connection as defined in TS 23.401 [12].

Dual Connectivity/EN-DC
The UE Context Release procedure is initiated by the MeNB. By sending the UE CONTEXT RELEASE message the MeNB informs the SeNB/SgNB that the UE Context can be removed.

Upon reception of the UE CONTEXT RELEASE message, the SeNB/SgNB may release radio and control plane related resources associated to the UE context. For E-RABs for which data forwarding has been performed, the SeNB/SgNB should continue forwarding of U-plane data as long as packets are received at the SeNB/SgNB from the EPC or the SeNB /SgNB buffer has not been emptied (an implementation dependent mechanism decides that data forwarding can be stopped). The SeNB supporting L-GW function for LIPA operation shall also request using intra-node signalling the collocated L-GW to release the LIPA PDN connection as defined in TS 23.401 [12]. If the SIPTO Bearer Deactivation Indication IE is received in the UE CONTEXT RELEASE message, the SeNB supporting L-GW function for SIPTO@LN operation shall also request using intra-node signalling the collocated L-GW to release the SIPTO@LN PDN connection as defined in TS 23.401 [12].
Interaction with the MeNB initiated SeNB Release procedure:

The SeNB may receive the SENB RELEASE REQUEST message including the UE Context Kept Indicator IE set to “True”, upon which the SeNB shall, if supported, only release the resources related to the UE-associated signalling connection between the MeNB and the SeNB, as specified in TS 36.300 [15].
Interaction with the MeNB initiated SgNB Release procedure:

The SgNB may receive the SGNB RELEASE REQUEST message including the UE Context Kept Indicator IE set to “True”, upon which the SgNB shall, if supported, only release the resources related to the UE-associated signalling connection between the MeNB and the SgNB, as specified in TS 37.340 [yy].

8.2.3.3
Unsuccessful Operation

Not applicable.

8.2.3.4
Abnormal Conditions

If the UE Context Release procedure is not initiated towards the source eNB from any prepared eNB before the expiry of the timer TX2RELOCoverall, the source eNB shall request the MME to release the UE context. 

If the UE returns to source eNB before the reception of the UE CONTEXT RELEASE message or the expiry of the timer TX2RELOCoverall, the source eNB shall stop the TX2RELOCoverall and continue to serve the UE.

…………………..second change……………………………
9.1.1.4
SN STATUS TRANSFER

This message is sent by the source eNB to the target eNB to transfer the uplink/downlink PDCP SN and HFN status during a handover.

Direction: source eNB ( target eNB (handover), eNB/en-gNB from which the E-RAB context is transferred ( eNB/en-gNB to which the E-RAB context is transferred (dual connectivity/EN-DC).

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

	Message Type
	M
	
	9.2.13
	
	YES
	ignore

	Old eNB UE X2AP ID
	M
	
	eNB UE X2AP ID

9.2.24 or
gNB UE X2AP ID 9.2.xx+1
	Allocated for handover at the source eNB, and for dual connectivity/EN-DC at the eNB/en-gNB from which the E-RAB context is transferred

	YES
	reject

	New eNB UE X2AP ID
	M
	
	eNB UE X2AP ID

9.2.24
or gNB UE X2AP ID 9.2.xx+1
	Allocated for handover at the target eNB and for dual connectivity/EN-DC at the eNB/en-gNB to which the E-RAB context is transferred
	YES
	reject

	E-RABs Subject To Status Transfer List
	
	1
	
	
	YES
	ignore

	>E-RABs Subject To Status Transfer Item
	
	1 .. <maxnoof Bearers>
	
	
	EACH
	ignore

	>>E-RAB ID
	M
	
	9.2.23
	
	–
	–

	>>Receive Status Of UL PDCP SDUs
	O
	
	BIT STRING (4096)
	PDCP Sequence Number = (First Missing SDU Number + bit position) modulo 4096

0: PDCP SDU has not been received.

1: PDCP SDU has been received correctly.
	–
	–

	>>UL COUNT Value
	M
	
	COUNT Value

9.2.15
	PDCP-SN and Hyper Frame Number of the first missing UL SDU in case of 12 bit long PDCP-SN
	–
	–

	>>DL COUNT Value
	M
	
	COUNT Value

9.2.15
	PDCP-SN and Hyper frame number that the target eNB/en-gNB should assign for the next DL SDU not having an SN yet in case of 12 bit long PDCP-SN
	–
	–

	>>Receive Status Of UL PDCP SDUs Extended
	O
	
	BIT STRING (1..16384)
	The IE is used in case of 15 bit long PDCP-SN in this release.

The first bit indicates the status of the SDU after the First Missing UL PDCP SDU.

The Nth bit indicates the status of the UL PDCP SDU in position (N + First Missing SDU Number) modulo (1 + the maximum value of the PDCP-SN).

0: PDCP SDU has not been received.

1: PDCP SDU has been received correctly.
	YES
	ignore

	>>UL COUNT Value Extended
	O
	
	COUNT Value Extended 9.2.66
	PDCP-SN and Hyper Frame Number of the first missing UL SDU in case of 15 bit long PDCP-SN
	YES
	ignore

	>>DL COUNT Value Extended
	O
	
	COUNT Value Extended 9.2.66
	PDCP-SN and Hyper Frame Number that the target eNB/en-gNB should assign for the next DL SDU not having an SN yet in case of 15 bit long PDCP-SN
	YES
	ignore

	>>Receive Status Of UL PDCP SDUs for PDCP SN Length 18
	O
	
	BIT STRING (1..131072)
	The IE is used in case of 18 bit long PDCP-SN.

The first bit indicates the status of the SDU after the First Missing UL PDCP SDU.

The Nth bit indicates the status of the UL PDCP SDU in position (N + First Missing SDU Number) modulo (1 + the maximum value of the PDCP-SN).

0: PDCP SDU has not been received.

1: PDCP SDU has been received correctly.
	YES
	ignore

	>>UL COUNT Value for PDCP SN Length 18
	O
	
	COUNT Value for PDCP SN Length 18

9.2.82
	PDCP-SN and Hyper Frame Number of the first missing UL SDU in case of 18 bit long PDCP-SN
	YES
	ignore

	>>DL COUNT Value for PDCP SN Length 18
	O
	
	COUNT Value for PDCP SN Length 18

9.2.82
	PDCP-SN and Hyper Frame Number that the target eNB/en-gNB should assign for the next DL SDU not having an SN yet in case of 18 bit long PDCP-SN
	YES
	ignore

	Old eNB UE X2AP ID Extension
	O
	
	Extended eNB UE X2AP ID

9.2.86 or 
gNB UE X2AP ID Extension 9.2.XY
	Allocated for handover at the source eNB and for dual connectivity/EN-DC at the eNB/en-gNB from which the E-RAB context is transferred.
	YES
	reject

	New eNB UE X2AP ID Extension
	O
	
	Extended eNB UE X2AP ID

9.2.86
or 

gNB UE X2AP ID Extension 9.2.XY
	Allocated for handover at the target eNB and for dual connectivity/EN-DC at the eNB/en-gNB to which the E-RAB context is transferred.
	YES
	reject


	Range bound
	Explanation

	maxnoofBearers
	Maximum no. of E-RABs. Value is 256.


9.1.1.5
UE CONTEXT RELEASE

This message is sent by the target eNB to the source eNB to indicate that resources can be released.

Direction: target eNB ( source eNB (handover), MeNB ( SeNB (dual connectivity), MeNB ( SgNB (EN-DC).

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

	Message Type
	M
	
	9.2.13
	
	YES
	ignore

	Old eNB UE X2AP ID
	M
	
	eNB UE X2AP ID

9.2.24
or gNB UE X2AP ID 9.2.xx+1
	Allocated for handover at the source eNB and for dual connectivity/EN-DC at the SeNB/SgNB.
	YES
	reject

	New eNB UE X2AP ID
	M
	
	eNB UE X2AP ID

9.2.24
or gNB UE X2AP ID 9.2.xx+1
	Allocated for handover at the target eNB and for dual connectivity/EN-DC at the MeNB.
	YES
	reject

	Old eNB UE X2AP ID Extension
	O
	
	Extended eNB UE X2AP ID

9.2.86
or 

gNB UE X2AP ID Extension 9.2.XY
	Allocated for handover at the source eNB and for dual connectivity/EN-DC at the SeNB/SgNB.
	YES
	reject

	New eNB UE X2AP ID Extension
	O
	
	Extended eNB UE X2AP ID

9.2.86
or 

gNB UE X2AP ID Extension 9.2.XY
	Allocated for handover at the source eNB and for dual connectivity/EN-DC at the MeNB.
	YES
	reject

	SIPTO Bearer Deactivation Indication 
	O
	
	ENUMERATED (True, …,)
	Indicates that SIPTO@LN PDN connection deactivation is needed. This IE is not used for EN-DC.
	YES
	ignore
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