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1. Introduction
RAN2 has agreed to define DAPS HO (Dual Active Protocol Stack Handover) for minimal handover interruption. This paper discusses the need of backhaul coordination for resource and timing in LTE DAPS HO.

2. Backhaul coordination for DAPS HO
In order to meet close to 0ms HO interruption time, it is desirable to have minimum interruption at L1 and L2. 

RAN2 has agreed to support dual active protocol stack (DAPS), which could minimize L2 interruption. From UE RF chain perspective, both 2Tx/2Rx and 1Tx/2Rx could support DAPS. We should further minimize L1 interruption by simultaneous transmission and reception. 
During RAN2#105, RAN2 received reply LS from both RAN1 and RAN4. As per RAN4 LS reply, it is possible to support simultaneous transmission and reception in most of the deployment scenarios expect for the following scenarios: 
· No Simultaneous transmission for intra-frequency asynchronous deployment

· No Simultaneous reception and transmission for inter-frequency intra-band asynchronous deployment.
Observation 1: To support close to 0ms interruption, concurrent transmission/reception in source and target should be supported. RAN4 has confirmed concurrent transmission/reception in source and target could be supported in most of the scenarios.

With DAPS, both kinds of UEs require coordination between source and target. The 2Tx/2Rx UE requires coordination for in-device interference issues in concurrent transmission and in cases where it is not possible to support simultaneous transmissions as per RAN4 LS reply. The single Tx UE requires coordination to support single Tx operation by using TDM pattern.

Observation 2: In DAPS HO, coordination between source and target is needed on radio resource allocation to avoid UL conflict (single Tx UE) and interference (2Tx/2Rx UE).

From concurrent transmission/reception perspective, DAPS HO is same as dual connectivity. EN-DC supports dual active transmission/reception. In the EN-DC, LTE resource grid is used in the MN/SN Resource Coordination Information IEs, and TDD SCell DL HARQ timing pattern in LTE FDD (PCell) -TDD (SCell) CA is used as reference for UE TDM pattern. So, the resource coordination mechanism for EN-DC can be reused for LTE DAPS HO. 

Observation 3: From concurrent transmission/reception perspective, DAPS HO is same as dual connectivity. Therefore, the resource and TDM coordination mechanism defined for EN-DC single UL operation can be reused for DAPS HO. 

Proposal 1: Include “MN Resource Coordination Information” IE (which is used for single Tx operation in EN-DC) in X2AP Handover Request. 
Proposal 2: Include “SN Resource Coordination Information” IE (which is used for single Tx operation in EN-DC) in X2AP Handover Request Acknowledge. 

In LTE, the HARQ timeline is pre-defined, i.e. not as dynamic as NR HARQ. So, at least for single Tx UE, TDM pattern is needed for UE to know when to transmit on source and when to transmit on target. The TDM pattern can also be used by eNB to schedule UL/DL transmission without Tx collision in source and target, as a light weight alternative of “MN/SN resource coordination information” IE.
RAN2 sent LS R3-196404/R2-1913996 to RAN1 to confirm the TDM pattern. We can reuse the tdm-PatternConfig-r15 defined for EN-DC/NE-DC for DAPS HO. The TDM pattern can be decided by source and send to target, similar to NE-DC TDM pattern IE (section 9.2.2.38, TS38.423). 

9.2.2.38
NE-DC TDM Pattern 
The NE-DC TDM Pattern IE is provided by the gNB and used by the ng-eNB to determine UL/DL reference configuration indicating the time during which a UE configured with NE-DC is allowed to transmit.

	IE/Group Name
	Presence
	Range
	IE Type and Reference
	Semantics Description

	Subframe Assignment
	M
	
	ENUMERATED(sa0, sa1, sa2, sa3, sa4, sa5, sa6)
	Indicates DL/UL subframe configuration where sa0 points to Configuration 0, sa1 to Configuration 1 etc. as specified in TS 36.331 [14]. 

	Harq Offset
	M
	
	INTEGER (0..9)
	Indicates a HARQ subframe offset that is applied to the subframes designated as UL in the associated subframe assignment, see TS 36.331 [14]


Proposal 3: Reuse NE-DC mechanism for UE TDM pattern delivery: add NE-DC TDM Pattern into X2AP Handover Request.
3. Summary
Observation 1: To support close to 0ms interruption, concurrent transmission/reception in source and target should be supported. RAN4 has confirmed concurrent transmission/reception in source and target could be supported in most of the scenarios.

Observation 2: In DAPS HO, coordination between source and target is needed on radio resource allocation to avoid UL conflict (single Tx UE) and interference (2Tx/2Rx UE).

Observation 3: From concurrent transmission/reception perspective, DAPS HO is same as dual connectivity. Therefore, the resource and TDM coordination mechanism defined for EN-DC single UL operation can be reused for DAPS HO. 

Proposal 1: Include “MN Resource Coordination Information” IE (which is used for single Tx operation in EN-DC) in X2AP Handover Request. 
Proposal 2: Include “SN Resource Coordination Information” IE (which is used for single Tx operation in EN-DC) in X2AP Handover Request Acknowledge. 

Proposal 3: Reuse NE-DC mechanism for UE TDM pattern delivery: add NE-DC TDM Pattern into X2AP Handover Request.
4.  Proposed Standard Changes
X2AP: TS 36.423
9.1.1.1
HANDOVER REQUEST

This message is sent by the source eNB to the target eNB to request the preparation of resources for a handover.

Direction: source eNB ( target eNB.

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

	Message Type
	M
	
	9.2.13
	
	YES
	reject

	Old eNB UE X2AP ID
	M
	
	eNB UE X2AP ID

9.2.24
	Allocated at the source eNB
	YES
	reject

	Cause
	M
	
	9.2.6
	
	YES
	ignore

	Target Cell ID
	M
	
	ECGI 

9.2.14
	
	YES
	reject

	GUMMEI
	M
	
	9.2.16
	
	YES
	reject

	UE Context Information
	
	1
	
	
	YES
	reject

	>MME UE S1AP ID
	M
	
	INTEGER (0..232 -1)
	MME UE S1AP ID allocated at the MME
	–
	–

	>UE Security Capabilities
	M
	
	9.2.29
	
	–
	–

	>AS Security Information
	M
	
	9.2.30
	
	–
	–

	>UE Aggregate Maximum Bit Rate
	M
	
	9.2.12
	
	–
	–

	>Subscriber Profile ID for RAT/Frequency priority
	O
	
	9.2.25
	
	–
	–

	>E-RABs To Be Setup List
	
	1
	
	
	–
	–

	>>E-RABs To Be Setup Item
	
	1 .. <maxnoof Bearers>
	
	
	EACH
	ignore

	>>>E-RAB ID
	M
	
	9.2.23
	
	–
	–

	>>>E-RAB Level QoS Parameters
	M
	
	9.2.9
	Includes necessary QoS parameters
	–
	–

	>>>DL Forwarding 
	O
	
	9.2.5
	
	–
	–

	>>>UL GTP Tunnel Endpoint
	M
	
	GTP Tunnel Endpoint 9.2.1
	SGW endpoint of the S1 transport bearer. For delivery of UL PDUs.
	–
	–

	>>>Bearer Type
	O
	
	9.2.92
	
	YES
	reject

	>RRC Context
	M
	
	OCTET STRING
	Includes the RRC HandoverPreparationInformation message as defined in subclause 10.2.2 of TS 36.331 [9], or the RRC HandoverPreparationInformation-NB message as defined in 10.6.2 of TS 36.331 [9].
	–
	–

	>Handover Restriction List
	O
	
	9.2.3
	
	–
	–

	>Location Reporting Information
	O
	
	9.2.21
	Includes the necessary parameters for location reporting
	–
	–

	>Management Based MDT Allowed
	O
	
	9.2.59
	
	YES
	ignore

	>Management Based MDT PLMN List
	O
	
	MDT PLMN List

9.2.64
	
	YES
	ignore

	>UE Sidelink Aggregate Maximum Bit Rate
	O
	
	9.2.97
	This IE applies only if the UE is authorized for V2X services.
	YES
	Ignore

	UE History Information
	M
	
	9.2.38
	Same definition as in TS 36.413 [4]
	YES
	ignore

	Trace Activation
	O
	
	9.2.2
	
	YES
	ignore

	SRVCC Operation Possible
	O
	
	9.2.33
	
	YES
	ignore

	CSG Membership Status
	O
	
	9.2.52
	
	YES
	reject

	Mobility Information
	O
	
	BIT STRING (SIZE (32))
	Information related to the handover; the source eNB provides it in order to enable later analysis of the conditions that led to a wrong HO.
	YES
	ignore

	Masked IMEISV
	O
	
	9.2.69
	
	YES
	ignore

	UE History Information from the UE
	O
	
	OCTET STRING
	VisitedCellInfoList contained in the UEInformationResponse message (TS 36.331 [9])
	YES
	ignore

	Expected UE Behaviour
	O
	
	9.2.70
	
	YES
	ignore

	ProSe Authorized
	O
	
	9.2.78
	
	YES
	ignore

	UE Context Reference at the SeNB
	O
	
	
	
	YES
	ignore

	>Global SeNB ID
	M
	
	Global eNB ID

9.2.22
	
	
	

	>SeNB UE X2AP ID
	M
	
	eNB UE X2AP ID

9.2.24
	Allocated at the SeNB
	
	

	>SeNB UE X2AP ID Extension
	O
	
	Extended eNB UE X2AP ID

9.2.86
	Allocated at the SeNB
	
	

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

9.2.86
	Allocated at the source eNB
	YES
	reject

	V2X Services Authorized
	O
	
	9.2.93
	
	YES
	ignore

	UE Context Reference at the WT
	O
	
	
	
	YES
	ignore

	>WT ID
	M
	
	9.2.95
	
	
	

	>WT UE XwAP ID
	M
	
	9.2.96
	
	
	

	UE Context Reference at the SgNB
	O
	
	
	
	YES
	ignore

	>Global en-gNB ID
	M
	
	9.2.112
	
	
	

	>SgNB UE X2AP ID
	M
	
	en-gNB UE X2AP ID

9.2.100
	Allocated at the SgNB.
	–
	–

	NR UE Security Capabilities
	O
	
	9.2.107
	
	YES
	ignore

	Aerial UE subscription information
	O
	
	9.2.129
	
	YES
	ignore

	Source Resource Coordination Information
	O
	
	9.2.116
	Information used to coordinate resources utilisation between source eNB and target eNB/gNB.
	YES
	ignore

	TDM pattern
	O
	
	9.2.x
	Information provided by the source eNB and used by the target eNB to determine UL/DL reference configuration indicating the time during which a UE configured with DAPS handover.
	YES
	ignore


	Range bound
	Explanation

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

	maxnoofMDTPLMNs
	PLMNs in the Management Based MDT PLMN list. Value is 16.


9.1.1.2
HANDOVER REQUEST ACKNOWLEDGE

This message is sent by the target eNB to inform the source eNB about the prepared resources at the target.

Direction: target eNB ( source eNB.

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

	Message Type
	M
	
	9.2.13
	
	YES
	reject

	Old eNB UE X2AP ID
	M
	
	eNB UE X2AP ID

9.2.24
	Allocated at the source eNB
	YES
	ignore

	New eNB UE X2AP ID
	M
	
	eNB UE X2AP ID

9.2.24
	Allocated at the target eNB
	YES
	ignore

	E-RABs Admitted List
	
	1
	
	
	YES
	ignore

	> E-RABs Admitted Item
	
	1 .. <maxnoof Bearers>
	
	
	EACH
	ignore

	>>E-RAB ID
	M
	
	9.2.23
	
	–
	–

	>>UL GTP Tunnel Endpoint
	O
	
	GTP Tunnel Endpoint 9.2.1
	Identifies the X2 transport bearer used for forwarding of UL PDUs
	–
	–

	>>DL GTP Tunnel Endpoint
	O
	
	GTP Tunnel Endpoint 9.2.1
	Identifies the X2 transport bearer. used for forwarding of DL PDUs
	–
	–

	E-RABs Not Admitted List
	O
	
	E-RAB List

9.2.28
	A value for E-RAB ID shall only be present once in E-RABs Admitted List IE and in E-RABs Not Admitted List IE.
	YES
	ignore

	Target eNB To Source eNB Transparent Container
	M
	
	OCTET STRING
	Includes the RRC E-UTRA Handover Command message as defined in subclause 10.2.2 in TS 36.331 [9]
	YES
	ignore

	Criticality Diagnostics
	O
	
	9.2.7
	
	YES
	ignore

	UE Context Kept Indicator
	O
	
	9.2.85
	
	YES
	ignore

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

9.2.86
	Allocated at the source eNB
	YES
	ignore

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

9.2.86
	Allocated at the target eNB
	YES
	reject

	WT UE Context Kept Indicator
	O
	
	UE Context Kept Indicator

9.2.85
	Indicates that the WT has acknowledged to keep the UE context
	YES
	ignore

	Target Resource Coordination Information
	O
	
	9.2.117

	Information used to coordinate resources utilisation between source eNB and target eNB/gNB.
	YES
	ignore


9.2.x
TDM Pattern 
The TDM Pattern IE is provided by the source eNB and used by the target eNB to determine UL/DL reference configuration indicating the time during which a UE configured with DAPS handover.

	IE/Group Name
	Presence
	Range
	IE Type and Reference
	Semantics Description

	Subframe Assignment
	M
	
	ENUMERATED(sa0, sa1, sa2, sa3, sa4, sa5, sa6)
	Indicates DL/UL subframe configuration where sa0 points to Configuration 0, sa1 to Configuration 1 etc. as specified in TS 36.331 [14]. 

	Harq Offset
	M
	
	INTEGER (0..9)
	Indicates a HARQ subframe offset that is applied to the subframes designated as UL in the associated subframe assignment, see TS 36.331 [14]
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