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Introduction
In RAN plenary #80, a new WI was approved in [1] to enhance mobility performance in NR. Currently, the following objectives are covered by the WI scope:
	· To study solution(s) to reduce interruption time during HO/SCG change focusing on the following identified solutions but not limited. 
· Handover/SCG change with simultaneous connectivity with source cell and target cell. 
· Make-before-break 
· RACH-less handover 
· To study solution(s) to improve HO/SCG change reliability and robustness especially considering challenges in high/med frequency focusing on the following identified solutions but not limited. 
· Conditional handover 
· Fast handover failure recovery 
RAN2 should avoid increasing signalling overhead. 
Note: LTE mobility enhancements should be used for baseline for fast handover failure recovery, Make-before-break and RACH-less handover. 
· To specify the solutions and agreements agreed during the above study phase. [RAN2/RAN1/RAN3/RAN4]
Note: The following aspects should be considered in above objectives.
- Inter and intra frequency handover/SCG change
- Inter-CU, intra-CU/inter-DU and intra-DU handover/SCG change
- Synchronous and asynchronous deployments as assumed in Rel-15 NR
- UE capability on the number of Tx/Rx chains
- Low and high velocity
- FR1 and FR2 frequencies


In this contribution, we overall discuss the potential RAN4 impact and work plan from RRM perspective, after discussion some conclusions are provided.
Discussion
The first objective is to study solutions to reduce the interruption time during handover/SCG change procedure. Three candidate approaches are listed in the WID:
· Handover/SCG change with simultaneous connectivity with source cell and target cell. 
· Make-before-break 
· RACH-less handover 
Here we would like to analyse the candidate solutions one by one to study the feasibility from RRM perspective.
1) Handover/SCG change with simultaneous connectivity with source cell and target cell
For short we can call it DC-related handover/SCG change. Take handover in SA operatoin for example, the fundamental idea of this approach is that during handover procedure, UE first add target cell as another serving cell (similar with PSCell). After successfully adding the target cell, UE will maintain simultaneous connectivity to both source cell and target cell for a short period. And then UE may switch PCell and PSCell, i.e. target cell will become serving PCell and the source cell will become PSCell. After that UE will release the original source cell. Handover procedure is completed. 
During this procedure, there is a short period when network services the UE like NR-NR dual connectivity. Note that this is not exactly the same as DC operation. The reason we use the term “PSCell” is to help understand the whole procedure. 
To study the feasibility of this approach, RAN4 work may focus on the feasibility of this simultaneous connectivity to both source and target cell. Simultaneous connectivity means simultaneous uplink transmission and downlink reception. Since the handover can happen from source NR cell to another NR cell in intra-frequency and inter-frequency, and the target cell and the source cell can be either synchronous or asynchronous, we need to take all the scenarios into account when studying the feasibility. 
Actually RAN1, RAN2 and RAN4 had similar discussion in history. In early NR WI phase, RAN2 sent an LS R2-1703971 [2] to RAN1 and RAN4 asking for the feasibility of simultaneous reception and transmission from/to intra-frequency synchronous or asynchronous cells. Furthermore, during LTE_feMob WI, RAN2 also sent an LS to RAN1/4 in R2-1815706 asking for the feasibility of simultaneous transmission/reception to/from two cells in different scenarios in LTE. Although RAN4 is now discussing the answers to [3] and not all the answers have been finalized yet, it is possible that people can have similar answers in NR, given that the concern is more about the hardware limitation, e.g. the cost and complexity of dual FFT, multiple RF chains and etc. We may face similar problem in NR. 
[bookmark: _Ref1132177]Proposal 1: in early phase of this WI, RAN4 shall study the feasibility of simultaneous connectivity to both serving and target NR cells in different scenarios.
[bookmark: _Ref1132180]Proposal 2: outcome of study on feasibility of simultaneous connectivity to both serving and target LTE cell during LTE_feMob WI can be used as starting point to study the feasibility of that in FR1 NR.
As for FR2 NR, we need to consider spatial dimension since Rx/Tx beamforming is used. Note that in our baseline assumption UE cannot hold multiple Tx/Rx beams to/from different directions simultaneously, which may result in problem when using simultaneous connectivity in FR2 NR in real deployment.
2) Make-before-break
The concept of make-before-break (MBB) based handover is introduced in early release LTE as enhanced handover procedure. The fundamental idea of MBB handover is to let UE continue uplink transmission and downlink reception with source serving cell after handover command is received, until it can transmit PRACH to the target cell. Compared with legacy handover, the interruption time is reduced since UE can still work on UL/DL during the period when UE is searching for the target cell and waiting for the PRACH occasion. From feasibility point of view, so far we do not observe any difference between FR1 NR and LTE, unless there is any change in procedure when RAN2 transplanting it from LTE to NR.
As for FR2 NR, situation becomes different given that Rx beamforming is used. Currently our baseline assumption is that UE cannot hold multiple Rx/Tx beams in different directions simultaneously. This will introduce some limitation when using make-before-break handover in real network.
[bookmark: _Ref1132191]Observation 1: from RAN4 RRM perspective, make-before-break based handover in FR1 NR can be supported if the procedure is the same as that specified in LTE.
[bookmark: _Ref1132194]Observation 2: use case of make-before-break in FR2 will be further limited due to Rx beamforming.
3) RACH-less handover 
In RACH-less handover, UE will skip RACH procedure to the target cell by using TA=0 or TA in pTAG (or in sTAG in RACH-less SCG change). UE can directly perform uplink transmission in the target cell (corresponding UL grant can be sent to the UE from the source serving cell in advance). This can also reduce the “interruption” time during handover procedure.
Regarding the feasibility of RACH-less handover, the study focused on the deployment wherein the network can decide the TA for the UE without RACH procedure. For instance, if the target cell is co-located with the source cell (intra-node handover from one sector to another), most likely for uplink transmission to the new target cell UE can use the same TA that is being used in the source cell since the propagation delay is similar. From deployment perspective, especially in FR1, so far we don’t see any difference that would make RACH-less handover unfeasible.
[bookmark: _Ref1132198]Observation 3: from RAN4 RRM perspective, RACH-less handover in NR can be supported if the procedure is the same as that specified in LTE.
Overall, the feasibility of each solution is also being discussed in other working group and we are far away from mature solution. RAN4 can study the feasibility from our own perspective. Corresponding RRM requirement can be discussed once the picture become clearer. 

The second objective is study solution(s) to improve HO/SCG change reliability and robustness especially considering challenges in high/med frequency. Currently there are two candidate solutions:
· Conditional handover 
· Fast handover failure recovery 
There were some discussion in previous RAN2 meetings regarding procedures for conditional handover and fast handover failure recovery. Unfortunately, so far there is no solid conclusions yet. Honestly, without clear idea in mind on the procedure, RAN4 can hardly work on the RRM requirements. Our suggestion is to encourage companies to closely follow RAN2 discussion in this stage.

In [4] we provide a work plan for all the related working group for this WI. Here we duplicate the RAN4 related work plan for information. Companies are encouraged to stick to this work plan to progress the WI.
[bookmark: _Ref1132185]Proposal 3: RAN4 work plan:
	[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Quarter
	Meeting #
	TU
	Work Plan

	Q1, 2019 
(SI phase)
	RAN4#90
	1
	Feasibility study on simultaneous connectivity

	Q2, 2019
(SI phase)
	RAN4#90bis
	1
	Conclude feasibility study on simultaneous connectivity

	Q2, 2019
(WI phase) 
	RAN4#91
	1
	Study related issue for candidate solutions and any related requirements in RAN4.

	Q3, 2019
(WI, phase)
	RAN4#92
	1
	Finalize the details for candidate solutions.

	Q4, 2019
(WI, phase)
	RAN4#92bis
	1
	Prepare CR for the selected solution.

	
	RAN4#93
	1
	Approve corresponding CRs.



Conclusion
In this contribution, we overall discuss the potential RRM impact of the New WID: NR mobility enhancements. After discussion the following conclusions are made:
Proposal 1: in early phase of this WI, RAN4 shall study the feasibility of simultaneous connectivity to both serving and target NR cells in different scenarios.
Proposal 2: outcome of study on feasibility of simultaneous connectivity to both serving and target LTE cell during LTE_feMob WI can be used as starting point to study the feasibility of that in FR1 NR.
Observation 1: from RAN4 RRM perspective, make-before-break based handover in FR1 NR can be supported if the procedure is the same as that specified in LTE.
Observation 2: use case of make-before-break in FR2 will be further limited due to Rx beamforming.
Observation 3: from RAN4 RRM perspective, RACH-less handover in NR can be supported if the procedure is the same as that specified in LTE.
Proposal 3: RAN4 work plan:
	Quarter
	Meeting #
	TU
	Work Plan

	Q1, 2019 
(SI phase)
	RAN4#90
	1
	Feasibility study on simultaneous connectivity

	Q2, 2019
(SI phase)
	RAN4#90bis
	1
	Conclude feasibility study on simultaneous connectivity

	Q2, 2019
(WI phase) 
	RAN4#91
	1
	Study related issue for candidate solutions and any related requirements in RAN4.

	Q3, 2019
(WI, phase)
	RAN4#92
	1
	Finalize the details for candidate solutions.

	Q4, 2019
(WI, phase)
	RAN4#92bis
	1
	Prepare CR for the selected solution.

	
	RAN4#93
	1
	Approve corresponding CRs.
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