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Introduction
[bookmark: OLE_LINK254][bookmark: OLE_LINK255]In 5G, handover will happen more frequently among cells when a large amount of small cells are deployed for increased capacity. Meanwhile, shorter interruption time (0ms), more reliable data link and lower power consumption are agreed as key requirements in [1]. In RAN2#93, two levels mobility management was discussed but no consensus was achieved. In this contribution, we analyze the mobility management for connected mode in NR.
Discussion
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Two levels mobility control
In traditional intra-RAT handover procedure, RRC layer is the control layer while other higher layers (e.g. PDCP, RLC and MAC) are also involved for such as PDCP re-establishment, RLC re-establishment, MAC reset and so on. The processing in both UE side and network side in this procedure is complex. Therefore, a layered architecture with a central unit (CU) and a distributed unit (DU) in NR has been proposed [2] and thus several new mobility scenarios are produced. The mobility management should be reconsidered in order to work efficiently in these new mobility scenarios. 
As in LTE system, RRC-level mobility control refers to a uniform management of PDCP/RLC/MAC by RRC. The basic function of each layer can be adjusted according to different split way of CU-DU. In this case, RRC is in charge of the management of UE context, data link, measurement, cell information, RRC/PDCP/RLC configuration and so on, and the function in UE side and network side is the same. RRC-level mobility control is a slow configuration procedure. 
In order to meet the critical handover interruption time requirement, a relatively fast configuration procedure, i.e. MAC-level mobility control, is proposed. The scheduling function in MAC is optimized to schedule the resource cross-cell or even cells themselves. MAC is the control layer and it can manage all the cells and radio resources within its control range. Cells can coordinate work by the scheduled of a extend MAC layer. In the scenario of CU-DU, MAC-level control locates in CU and manages all DU within CU. The schedule function for cross-cell can be separated and located in CU if the MAC layer is located in DU. MAC is in charge of  scheduling the radio resource among different cells, air interface quality monitoring, buffer occupation and so on. On UE side, MAC-level control is responsible for the scheduling of cells and the radio resources which are served for the UE. Correspondingly, on the network side, MAC is responsible for the scheduling of all the cells and the radio resources within its control (e.g. intra-CU). MAC-level mobility control is a real-time configuration procedure to realize the scheduling and provides faster performance than RRC signalling. Therefore it leads to a wide room to establish a real-time and flexible radio resource allocation mechanism in NR, which brings a significant advantage in efficient data processing and optimized system performance in the context of multiple cell operation.
Two levels mobility management on UE side and network side are shown in figure 1 and figure 2 respectively.


[bookmark: OLE_LINK264][bookmark: OLE_LINK265]Figure 1: Two levels mobility management on UE side 


Figure 2: Two levels mobility management on network side
[bookmark: OLE_LINK275][bookmark: OLE_LINK276][bookmark: OLE_LINK14][bookmark: OLE_LINK15][bookmark: OLE_LINK179][bookmark: OLE_LINK180]Proposal 1: Mobility management for connected mode in NR is divided into two levels: RRC level and MAC level. 
Mobility management for connected mode
RRC-level mobility control
Here we assume the range of RRC-level control is between different CU. RRC-level control is the main controller in the scenario that the cells are scheduled by different MAC-level controller. As is shown in figure 3, when the RRC-level controller on the network judges that mobility is needed basing on the measurement, it should communicate with the T-CU RRC-level controller about the resources and indicate MAC-level controller about the resource if the mobility will be executed. RRC-level controller should inform UE to update the configuration of high layer and MAC-level controller grants the specified cells and the radio resources to the UE by MAC CE (or PDCCH order). The UE update the configuration of high layer and implement the mapping of radio resources. Meanwhile, RRC-level control can continue working based on the traditional mobility management.  


Figure 3: RRC-level control procedure
Below is the detailed description of the RRC-level control procedure:
1. A RRC-level MEASUREMENT REPORT is triggered and sent to the S-CU. RRC-level measurement can inherit the mechanism for the traditional measurement. But the measurement element should include the cells within T-CU.
2. The S-CU makes decision based on MEASUREMENT REPORT and RRM information to hand off the UE.
3. The S-CU issues a HANDOVER REQUEST message to the T-CU passing necessary information to prepare the HO at the target side.
4. Admission Control may be performed by the T-CU dependent on information of HANDOVER REQUEST and the resource it has been granted.
5. The T-CU prepares the resource and sends the HANDOVER REQUEST ACKNOWLEDGE to the S-CU.
6. MAC-level controller on T-CU is triggered and implements the schedule of radio resource within different cells and reserves radio resource for the UE.
7. RRC-level controller of S-CU process HANDOVER REQUEST ACKNOWLEDGE, perform the configuration of the corresponding high layer and inform the MAC-level controller.
8. MAC-level controller of S-CU is triggered and constructs the information in order to inform the UE.
9. MAC-level controller sends the MAC CE (or PDCCH order) to inform UE about the resources. 
10. The UE start synchronization in uplink or implement the mapping of radio resources and transfer data according to different indication.
MAC-level mobility control
[bookmark: OLE_LINK349][bookmark: OLE_LINK350][bookmark: OLE_LINK268][bookmark: OLE_LINK269][bookmark: _GoBack][bookmark: OLE_LINK307][bookmark: OLE_LINK308][bookmark: OLE_LINK330][bookmark: OLE_LINK331]Here we assume that MAC-level control locates in CU and is responsible for the management of different DU within the same CU. MAC-level control is the main controller within the scenario that the cells can be scheduled by MAC. MAC is the node to judge and execute the mobility. As shown in figure 4, when the MAC-level controller on the CU judges that the mobility is needed based on some conditions it will grant the radio resource to the UE within the schedule period. These conditions may be the quality of air interface, RRC-level measurement results, the condition of resources within the range of MAC control, or even the special request from the UE, The real mapping procedure maybe triggered by MAC CE or PDCCH order and so on. When the MAC-level controller on the UE side receives the trigger information, it should start synchronization in uplink or implement the mapping of radio resources according to different indication. RA procedure can be optimized in the future.


Figure 4: MAC-level control procedure
Below is the detailed description of the MAC-level control procedure:
1. A MAC-level MEASUREMENT REPORT is triggered and sent to the CU. The measurement element is the cells those can be scheduled in the MAC-level controller. The measurement object of MAC-level may be quality of air interface.
2. The MAC-level controller of CU makes a decision according to the quality of air interface, resource it has been granted, special request from UE and the other conditions.
3. The MAC-level controller grants the specified cells and the radio resources to the UE by MAC CE (or PDCCH order).
4. [bookmark: OLE_LINK332][bookmark: OLE_LINK333]The UE start synchronization in uplink or implement the mapping of radio resources and transfer data according to different indication.
[bookmark: OLE_LINK293][bookmark: OLE_LINK294][bookmark: OLE_LINK354][bookmark: OLE_LINK266][bookmark: OLE_LINK267][bookmark: OLE_LINK351]Proposal 2: MAC-level mobility control is responsible for cell scheduling intra-CU while RRC-level mobility control, coordinating with MAC-level control or working based on the traditional mobility management, happens inter-CU.
Conclusions
In this contribution, we discuss the two levels mobility control for connected mode in NR and propose:
Proposal 1: Mobility management for connected mode in NR is divided into two levels: RRC level and MAC level. 
Proposal 2: MAC-level mobility control is responsible for cell scheduling intra-CU, while RRC-level mobility control, coordinating with MAC-level control or working based on the traditional mobility management, happens inter-CU.
References
[1] TR 38.913 v0.3.0, Study on Scenarios and Requirements for  Next Generation Access Technologies
[2] TR 38.801 V0.1.0, Study on New Radio Access Technology Radio Access Architecture and Interfaces
image1.emf
PHY1

MAC

RLC

PDCP

RRC

PHY2 PHY3

RRC Level

MAC Level

IP

Real-time 

mapping

UE


oleObject1.bin
Text


PHY1


MAC


RLC


PDCP


RRC


PHY2


PHY3


Real-time mapping


RRC Level


MAC Level


IP


UE



image2.emf
UE

z

UE

z

DU

1

DU

n

MAC Level

PHY

1

PHY

2

PHY

3

RRC Level

Real-time 

mapping

MAC

RLC

PDCP

RRC

IP

CU


oleObject2.bin
Text


UEz


CU


UEz


DU1


DUn


MAC Level



image3.emf
UE S-DU

T-DU

2RRC-level HO decision

4Admission Control

3 Handover Request

5Handover Request Ack

1

RRC-level Measurement Reports

9  MAC CE(or PDCCH order)

7RRC level control update

10. RA or data transfer

8MAC-level control

6 MAC-level control


oleObject3.bin
 


UE


S-DU


T-DU


2


RRC-level HO decision


4


Admission Control


3


Handover Request


5


Handover Request Ack


1


RRC-level Measurement Reports


9  MAC CE(or PDCCH order)


7


RRC level control update


10. RA or data transfer


8


MAC-level control


6


MAC-level control



image4.emf
UE CU

2HO decision

3  MAC CE(or PDCC order)

1  MCA level measurement report

4. RA or data transfer


oleObject4.bin
1  MCA level measurement report


4. RA or data transfer


UE


CU


2


HO decision


3  MAC CE(or PDCC order)



