[bookmark: OLE_LINK10][bookmark: OLE_LINK11]3GPP TSG-RAN2#94 meeting   	                                                                 R2-163466
Nanjing, China, 23 - 27May2016
Agenda Item:	9.5.1
Souce:	MTI, ITRI
[bookmark: OLE_LINK9][bookmark: OLE_LINK1][bookmark: OLE_LINK2]Title:	Intra-NR RAT mobility consideration 
Document for:		Discussion and decision
1 Introduction
[bookmark: _GoBack]The New Radio Access SI [1] was approved in RAN #71 meeting and it is targeted for developing a new access technology to meet a broad range of use cases and requirements. More specifically, the NR (New Radio) mobility shall address different levels of mobility and provide support of high frequency (i.e., operation upon above 6GHz), new mobility protocol/interactions under CU-DU splitting architecture, efficient mobility support of IoT scenarios and also minimize the HO interruption time. In this contribution, we provide our perspectives on the intra-NR mobility and suggest RAN2 shall have further studies on those aspects.
2 Discussion
In traditional LTE network, the intra-RAT mobility management comprises the cell (re-)selection/paging in Idle state, and handover process in Connected state. Several aspects, for instance, RRM measurements and DRX configurations are relative to the mobility performance. Hereafter, we consider the following issues regarding to NR mobility and try to identify whether modifications/new features might be introduced accordingly:
Mobility on demand
SA2 has already approved NextGen system shall support different levels of mobility and the concept of mobility on demand is applied to decide which level of mobility would be supported for a certain UE [2]. Accordingly, intra-NR mobility management is required to support the framework. We identify relative R2 issues may include:
· Shall UE feedback any mobility information to facilitate the CN decision?
· Shall UE be aware of which level of mobility and be configured with corresponding mobility parameters?
· Shall new measurement event and reporting mechanism is required to support the adjustment of mobility level
It is anticipated that the adjustment of mobility level can provide more flexibility and customization based on UE input/preference. However, it shall be carefully designed to avoid introducing additional overheads.
Proposal 1: Intra-NR mobility management shall take the concept of “mobility on demand” and above three issues into account and evaluate the design trade-off. 
Ultra-dense small cell deployment 
It is expected that small cell density will be increased significantly to meet the capacity requirements. Under such deployment, from RAN perspective, frequent HO brings excessive radio signalling overheads and path switch efforts, which both would degrade the system capacity. From UE perspective, it may waste a lot of unnecessary measurement efforts, which would be energy-inefficient operation. Therefore, we think the problem of mobility management upon ultra-dense small cell deployment shall be addressed in NR.
So far, to overcome the problem, there are four options: 
Option 1 Mobility anchor 
· Like DC (Dual Connectivity), S1-MME is terminated at MeNB and therefore the eNB acts as mobility anchor towards the CN. Afterwards, MeNB can add/release/modify the SeNB/SCG configuration based on UE mobility without involving any HO process.
· From UE perspective, coverage/mobility support is mainly ensured by MeNB and it is up to NW to decide whether additional resources/connectivity are required.
· With mobility anchor, UE is still required to perform RRM measurements, but the HO signalling overhead can be removed.
Option 2 boundary-less coverage (or called virtual cell) [3][4]:
· [bookmark: OLE_LINK3][bookmark: OLE_LINK4]UE is dynamically served by a selected cell set in which the network determines/configures the set. When UE moves, the network will form a desirable set without initiating the HO process
· A new UE identifier and new PHY design (e.g. UE-specific RS) might be introduced to support network’s decisions.
· Since respective cells may have different configurations and then new broadcasted system information structure is required for the operation of selected cell set when UE moves within the cell.
· With option 2, the signalling overhead between UE and cell is removed, but additional negotiation within the selected cells should be considered.
Option 3 UE-based mobility management:
· When UE is in RRC Connected state, it automatically associates with the serving cell based on its decision, consequently NW will detect the association and then deal with the path switching between source cell and target cell.
· Similar to option 2, the signalling overhead can be eliminated. However, HO interruption time might be increased and how to achieve appropriate cell offloading is FFS.
Option 4 reuse the “mobility set” idea from LWA works [5]
· The network configures the mobility set to UE and then UE-based mobility management is applied when UE moving within the set.
· While UE moving across the mobility set, the NW-based mobility management (i.e. HO process) would be initiated accordingly.
· Option 4 seems to be a hybrid operation of NW-based mobility management and UE-based mobility management wherein NW could configure the mobility set appropriately and dynamically to alleviate the overhead.
Another consideration for ultra-dense small cell deployment is how to prevent the ping-pong effect and HO failure especial for high-speed UE. Finally, as aforementioned, different levels of mobility would be introduced and it is still unclear whether different levels can adopt different options to overcome the challenges under ultra-dense small cell deployment.
Proposal 2: How to prevent excessive mobility overhead and HO failure under ultra-dense small cell deployment shall be considered.
Beam-forming upon high frequency
NR expects to adopt beam-forming technology on high frequency band to provide high rate transmission in particular deployment. Due to the directional characteristics, the changes of serving beam are very frequent and then most companies share the same view to have “beam-level” mobility and better to let L1 handles the beam selection [6]. However, the relationship between “beam-level” and “cell-level” mobility is unclear. For example, when UE moves from source cell to target cell, is it possible to apply inter-cell beam changing directly? or the HO process shall be initiated first and then beam configuration is made sequentially? It is straightforward that the first alternative can achieve low interruption time but may require additional cell coordination. As a result, RAN2 is suggested to figure out the procedures/interactions between “beam-level” and “cell-level” upon high frequency operation.
Proposal 3: RAN2 is suggested to figure out the procedures/interactions between “beam-level” and “cell-level” mobility.
Indirect connection (Relay UE)
As specified in SMARTER SI [7], one of possible traffic scenarios for massive IoT device is indirect connection in which the IoT device may associate with a relay UE (i.e., smartphone) and then the relay UE forward the corresponding packet to the network. It is desirable that both device may move together (with the subscriber), and IoT device with indirect connection might be transparent to the network. However, the session continuity becomes a challenge when the indirect connection is broken (e.g. out of relay UE coverage) since the IoT device needs to perform RRC connection establishment to ensure the session continuity. Similarly, sidelink scenario may consider the quick connection establishment as well.
[bookmark: OLE_LINK7][bookmark: OLE_LINK8]Proposal 4: A quick RRC connection establishment mechanism when device changes indirect connection to direct connection shall be studied.
Cell (re-)selection in heterogeneous deployment
In traditional LTE network, UE will employ mobile state estimation (MSE) mechanism to decide its mobile state (normal/medium/high) and then apply different scaling during cell (re-)selection. However, such mechanism will face problems under heterogeneous deployment. For instance, UE may not be able to distinguish the small cell and macro cell during HO counting and then not able to estimate the accurate state. Although those similar problems were discussed in HetNet enhancement and MCLD WI, we think either history information or probability based distribution is inefficient in which prior one introduces additional signalling overhead and the other causes complicate UE behaviour. At the same, it is not sufficient to make cell (re-)selection only rely on speed information, alternatively, cell loading, UE traffic behaviour shall be considered as well. 
Proposal 5: RAN2 shall revisit the mobile state estimation and scaling mechanism for intra-NR mobility management and provide further enhancements.
Paging and tracking area update
The conventional paging and TAU mechanism may face paging capacity, paging reliability and UE power saving problems under massive IoT scenario. To overcome the problem, NB-IOT studies have tried to address the issues and further provide amendments. On the other hand, since NR shall provide a single technical framework to support all scenarios, how to provide paging coexistence design among different scenarios shall be additionally considered. Furthermore, the light connection SI also tried to resolve the paging overhead issues and identify the corresponding interactions between RRC states. To avoid duplicate works, we suggest RAN2 take the results of NB-IOT and light connection as a start point to design paging and tracking area update aspects for NR.
[bookmark: OLE_LINK5][bookmark: OLE_LINK6]Proposal 6: RAN2 is suggested to take the specifications of NB-IOT and light connection a s a start point to investigate the paging and tracking area update design aspects for NR.
3 Conclusions
In this paper, we identify the potential issues for intra-NR mobility and propose:
Proposal 1: Intra-NR mobility management shall take the concept of “mobility on demand” and above three issues into account and evaluate the design trade-off. 
Proposal 2: How to prevent excessive mobility overhead and HO failure under ultra-dense small cell deployment shall be considered.
Proposal 3: RAN2 is suggested to figure out the procedures/interactions between “beam-level” and “cell-level” mobility.
Proposal 4: A quick RRC connection establishment mechanism when device changes indirect connection to direct connection shall be studied.
Proposal 5: RAN2 shall revisit the mobile state estimation and scaling mechanism for intra-NR mobility management and provide further enhancements.
Proposal 6: RAN2 is suggested to take the specifications of NB-IOT and light connection as a start point to investigate the paging and tracking area update design aspects for NR.
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