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1. Introduction
In R15, resource coordination was defined for the single uplink operation of LTE-NR EN-DC. This mechanism can be reused for R16 LTE DAPS based enhanced MBB handover.

2. Background: Resource Coordination in LTE-NR DC
Single uplink operation was defined for EN-DC, as shown in figure 1, for single Tx UE and interference coordination.
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Figure 1: Single UL Operation of EN-DC
RAN1 defined: TDM/FDM solution and HARQ timeline. 

RAN3 defined: LTE-NR coordinating mechanism via backhaul.
TS 36.423

	MeNB Resource Coordination Information
	O
	
	9.2.116
	Information used to coordinate resources utilisation between MeNB and en-gNB.
	YES
	ignore


	SgNB Resource Coordination Information
	O
	
	9.2.117
	Information used to coordinate resources utilisation between en-gNB and MeNB.
	YES
	ignore


RAN2 defined: RRC signaling to delivery TDM pattern to UE

TS 36.331


tdm-PatternConfig-r15


CHOICE {



release






NULL,



setup






SEQUENCE {




subframeAssignment-r15


SubframeAssignment-r15,




harq-Offset-r15




INTEGER (0.. 9)



}


}

3. RAN2 Status on LTE enhanced MBB Handover

During RAN2#104, following agreement was made.

Agreements

1
We aim to consider some form of multiple connectivity during study phase depending on RAN4 reply on applicability to different scenarios.

During RAN2#105, following agreements were made.

Agreements

1
Specify the ”non-split bearer” solution candidate for the Rel-16 E-UTRA enhancements minimizing the interruption time during mobility.

2
Decide during the work item phase whether a single active protocol stack or two active protocol stacks are used in enhanced Rel-16 E-UTRAN mobility solution.

3
Agree the following common aspects for “non-split bearer” solution candidate:

a.
PDCP SN assignment (for DL) is done at source eNB. PDCP SDUs and the SN assigned to each SDU are then forwarded to target eNB. Details of how SN information is transferred is FFS.

b.
RoHC and remaining PDCP functions (e.g. ciphering, PDCP PDU creation) are executed separately at each network node

c.
The UE procedure when UE detaches from the source cell is explicitly defined in the specifications (e.g. via procedural text and/or via dedicated message/indication.).

d.
In case of two active protocol stacks, a separate security key is used for each of the protocol stacks.

4
RAN2 is asked to work further on the details of the following open issues:

a.
When detaching from the source shall occur and whether it has to be separately considered from the UE’s and NW’s side

b.
Whether data forwarding is done “late” or “early”. Consider potential combination with CHO and how SN Status transfer is done and how HFN is handled. 

c.
LS to RAN3 on data forwarding enhancements to enable reduced interruption time during HO 

5
The detailed assumptions of simultaneous transmission/reception for the solutions depend on the feedback from RAN1 and RAN4 (i.e. response to R2-1815706). RAN2 shall continue working based on the received LS replies.

In RAN2#106 meeting, the solution of dual active protocol stacks (DAPS) was agreed to minimize the handover interruption.  

Agreements

1
We will not specify single active protocol stack solution (option 0/1/2)

2
We will specify dual active with specified capability coordination that does not have to be utilized by the network. FFS how/whether we will specify the rules for UE when capability coordination is not utilized, and UE capabilities are exceeded (we may leave this up to UE implementation).
4.  Backhaul coordination for LTE enhanced MBB handover
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 [2] and RAN4 [3]. 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.
Observation 2: RAN2 has agreed to support dual active protocol stack (DAPS) and RAN4 has confirmed concurrent transmission/reception in source and target could be supported in most of the scenarios.

Proposal 1: Make concurrent transmission/reception in source and target as working assumption for LTE enhanced MBB handover.

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 UL TDM pattern.

Observation 3: In enhanced MBB handover, both kinds of UE (2Tx/2Rx, 1Tx/2Rx) require coordination between source and target on radio resource allocation for interference avoidance and Tx competition.
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 enhanced MBB handover as baseline. 
Proposal 2: Include “MN Resource Coordination Information” IE (which is used for single Tx operation in EN-DC) in handover signaling: X2AP Handover Request, S1AP: Handover Required. 
Proposal 3: Include “SN Resource Coordination Information” IE (which is used for single Tx operation in EN-DC) in handover signaling: X2AP Handover Request Acknowledge, S1AP: Handover Command. 

For the UE TDM pattern, we can reuse the tdm-PatternConfig-r15 defined for EN-DC/NE-DC. 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 4: Reuse NE-DC mechanism for UE TDM pattern delivery: add NE-DC TDM Pattern into X2AP Handover Request and S1AP: Handover Required.
5. Summary
Observation 1: To support close to 0ms interruption, concurrent transmission/reception in source and target should be supported.

Observation 2: RAN2 has agreed to support dual active protocol stack (DAPS) and RAN4 has confirmed concurrent transmission/reception in source and target could be supported in most of the scenarios.

Observation 3: In MBB handover, both kinds of UE (2Tx/2Rx, 1Tx/2Rx) require coordination between source and target on radio resource allocation for interference avoidance and Tx competition.
Proposal 1: Make concurrent transmission/reception in source and target as working assumption for LTE MBB handover.

Proposal 2: Include “MN Resource Coordination Information” IE (which is used for single Tx operation in LTE-NR DC) in handover signaling: X2AP Handover Request, S1AP: Handover Required. 
Proposal 3: Include “SN Resource Coordination Information” IE (which is used for single Tx operation in LTE-NR DC) in handover signaling: X2AP Handover Request Acknowledge, S1AP: Handover Command. 
Proposal 4: Reuse NE-DC mechanism for UE TDM pattern delivery: add NE-DC TDM Pattern into X2AP Handover Request and S1AP: Handover Required.
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