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1      Introduction

SA2 has started to study the architecture for NexGen [1] as part of 5G and one of the key requirements is to provide mobility management framework that enables the operators to provide mobility and session continuity for all types of devices connecting to NexGen through 3GPP/non-3GPP access. In order to solve the key issue, the solutions should study the mobility states, downlink reachability support, etc.

In this contribution, we study the RAN aspects of the mobility framework being considered in SA2 and provide an overview of different mobility solutions including a new RRC state and RAN-level tracking for UEs deployed in standalone NR to reduce signalling and transition/interruption time.
2      Discussion
One solution to the key issue of mobility framework [2] has been agreed to be included in the TR [1] and it provides an overview of new mobility states and introduces RAN-level UE tracking based on RAN Routing Areas (RRA) that could be considered for 5G to minimize signalling and enrich the user experience (low delay).
2.1 RAN-based mobility framework 
During March plenary meeting, a new LTE WI on reduction of signalling overhead was agreed [3]. The objectives of this work item are to provide solutions to reduce signalling due to handover, paging, and determine the necessity of a new RAN based state. The baseline of this WI will be the User plane solution being defined as part of Rel-13 in NB-IoT and potentially LTE (as part of TEI13), wherein the UE context will be stored in RAN when the UE transitions to RRC idle mode for easy retrieval upon connection establishment. Some of these solutions are restricted in scope due to backward compatibility issues and technical limitations. In standalone NR, we could consider more fundamental changes to the architecture in order to reduce the signalling considerably and enhance the user experience during mobility (with negligible interruption), especially with the evolution of NexGen core being studied in SA2. In the following sub-sections, we discuss the different aspects that could be considered as part of a new RAN-based mobility framework in Standalone NR.
2.1.1 UE mobility during inactivityIn legacy networks, when the UE is in idle mode, its location is known at Tracking-area level and in connected mode, its location is known at the cell level. In general, the TA encompasses several cells and during downlink reachability, excessive signalling may be necessary as part of paging to reach the UE. While in connected mode, the UE performs handover signalling for every transition across cell boundary. As part of 5G, we are aiming to reduce both types of signalling.. In order to ensure that there is minimal Uu signalling incurred during mobility when a UE is inactive, a new RAN Routing Area (RRA) could be defined to consist of a group of cells. Also, a new power-efficient, lightly connected state such as “RRA-PCH” [2] can be defined for the UE to transition to after being active in RRC Connected mode. This state resembles the ‘URA_PCH’ defined in UTRAN. The UE’s location is known at RRA level while in the new state which means that the UE can move around the RRA without performing any signalling and the UE can use a lightweight RRC connection (by which the context is stored in one cell or node and fetched from that cell/node to the current cell/node) to switch to connected mode and perform UL transmission. At the same time, whenever there is downlink data for the UE, it is paged in all of RRA using X2 (rather than all of TA) and it can perform lightweight connection to switch to connected mode to receive DL data. Upon changing RRA boundary, the UE has to perform an UE-initiated update procedure e.g. Cell update to let the network know its new location. 
Proposal 1: RAN2 to consider introduction of a new RAN-based mobility frame work for UEs that are not in active communication.  It is also proposed to consider a RAN based routing area as part of the RAN-based mobility framework to minimize handover/paging/core network signalling (no Uu signalling when not in active communication) and thereby the delay in transition from low power to active mode.
As per the figure below, when the UE is in the newly defined ‘RRA_PCH’ state, it is in connected mode w.r.t the NexGen Core network (referring to ECM_Connected in LTE). There is no signalling involved between the NR eNB and the NexGen core network to inform the CN of the UE’s transition into this state. Rather, any downlink data is forwarded to a RAN node, for example, the last known NR eNB and RAN-level tracking will take care of reaching the UE and forwarding the data. The UE is tracked at TA level while in NexGen_Idle mode, similar to RRC_Idle mode. 
Further, if a front-haul type of network architecture is considered [4], where we could have a centralized node, potentially covering many cell sites.  This node could act as an anchor where the control plane context and possibly for the part of the user plane.  When UE needs to transfer data, the network connection between the cell site and central node can be setup without having to relocate the central at every cell change. 
2.2 UE mobility during activity
The UE stays in RRC Connected mode as long as it is actively exchanging data with the network. Traditionally, it performs network-initiated handover when transitioning across cells. However, when the UE is within the RRA, we could consider UE-initiated mobility support as a new sub-state in RRC connected mode. In this state, the UE (especially when channel conditions change suddenly or during fast mobility when RLF occurs more frequently) performs cell reselection similar to idle mode mobility and then informs the network about the switch using an update procedure (e.g. Cell Update similar to UMTS). Other motivation for supporting such mobility is massive MTC use cases and cases where small volumes of data are exchanged and uninterrupted HO is not a requirement; therefore signalling and network processing associated with handover can be avoided. UE-based mobility may also be beneficial for support of longer C-eDRX values (much longer than in LTE today), because there would be no need for tight coordination between handover-signalling and UE’s C-eDRX pattern.
Other options to consider for mMTC is a true ‘connection-less’ model with least signalling overhead and no network storage requirement. By keeping the UE in RRA_PCH (instead of Idle), the UE is perceived by Core Network as being in permanent NextGen_Connected mode, which means that there is no need to perform Service Request procedure when sending MO data, which in turn reduces the initial network access and can be considered as step forward towards the “connectionless” model.
If the RRA_PCH state can be made as power-efficient as Idle, then it is worth discussing whether there is a need for hierarchical UE tracking (i.e. CN-level tracking in addition to RAN-level), or whether RAN-level tracking would be sufficient (in which case there would be no need for RRC_IDLE state). The latter aspect needs also to be discussed with SA2, as CN-level tracking is in their scope. 

Proposal 2: RAN2 to consider introducing UE-based mobility in RRC Connected mode as part of SA NR RAN-based Mobility framework.

Proposal 3: RAN2 to discuss whether there is a need for hierarchical UE tracking when we move towards RAN-level tracking in Standalone NR.
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Figure 1. UE states EPS/E-UTRAN (on the left) and NexGen/NR RAN (on the right))
3 Conclusions and proposals
In this contribution, we discussed the solutions to be considered for mobility framework in standalone  NR and have the following proposals:
Proposal 1: RAN2 to consider introduction of a new RAN-based mobility frame work for UEs that are not in active communication. It is also proposed to consider a RAN based routing area as part of the RAN-based mobility framework to minimize handover/paging/core network signalling (no Uu signalling when not in active communication) and thereby the delay in transition from low power to active mode.
Proposal 2: RAN2 to consider introducing UE-based mobility in RRC Connected mode as part of SA NR RAN-based Mobility framework.

Proposal 3: RAN2 to discuss whether there is a need for hierarchical UE tracking when we move towards RAN-level tracking in Standalone NR.
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