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Introduction
SA2 started to study the architecture for NextGen [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 NextGen through 3GPP/non-3GPP access. In order to solve this 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.
Discussion
One solution to the key issue of mobility framework [2] has been captured in the SA2 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 NR to minimize signalling and enrich the user experience (low delay).
2.1 NR mobility management framework 
During RAN#71 plenary meeting, a new LTE WI (LTE_LIGHT_CON) 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 User plane solution defined as part of Rel-13 in NB-IOT and potentially LTE (as part of TEI13) was agreed to use as a baseline for this WI. In this solution, the UE context will be stored in RAN when the UE transitions to RRC idle mode for easy retrieval upon connection establishment. The solutions discussed as part of this Rel-14 work item will be restricted in scope due to backward compatibility issues and technical limitations. 
In standalone NR, more fundamental changes to the architecture could be considered in order to reduce the signalling considerably and enhance the user experience during mobility (with negligible interruption), especially with the evolution of NextGen core being studied in SA2. In the following sub-sections, we discuss the different aspects and options of the mobility framework in Standalone NR.
2.1.1 UE mobility states and RAN level tracking
In 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. In connected mode, the UE performs handover for every transition across the cell boundary. As part of standalone NR, we are aiming to reduce both types of signalling. In this section, we introduce the mobility state framework as agreed to be part of [1]. In contrast to E-UTRAN which discriminates between RRC_IDLE and RRC_CONNECTED states only, UTRAN had several states referred to as Cell_DCH, Cell_PCH, URA_PCH and Cell_FACH, all of which correspond to the ECM_Connected state in the EPC.
In standalone NR, we propose to re-introduce two RRC mobility states that bear resemblance with the URA_PCH and Cell_FACH states. We refer to these two states as RRA_PCH and RRC_CONNECTED with UE based mobility. Further details are provided in the sections below.
In addition to these two states, there is also the RRC_CONNECTED state that matches the eponymous state in E-UTRAN, in which the UE mobility is network-driven i.e. relies on a handover procedure.
As illustrated in Figure 1, all three states (RRA_PCH, RRC_CONNECTED (NW-driven mobility) and RRC_CONNECTED (UE-driven mobility)) correspond to a NextGen_Connected state in the NextGen core. The RRC_IDLE corresponds to NextGen_Idle state. In summary:
· RRA_PCH (“RAN Routing Area Paging CHannel”): An RRC state where the UE location within the RAN is known with the granularity of a RAN Routing Area, the latter being a collection of cells (similar to the URA in UTRAN). In this state the UE is in battery efficient mode and is not involved in active data transmission. From NextGen CN perspective the UE is perceived as being in NextGen_Connected state (i.e. the “New S1” interface is up and running).
· RRC_CONNECTED (with UE-driven mobility): An RRC state where the UE location within the RAN is known with cell granularity and UE is involved in active data transmission. In contrast to RRC_CONNECTED today, mobility management in RRC_CONNECTED (with UE-driven mobility) is UE-driven. From NexGen CN perspective the UE is perceived as being in NextGen_Connected state (i.e. the “New S1” interface is up and running). 


Figure 1. UE states for standalone NR mobility framework
2.1.1.1 RRA_PCH (inactive state, UE driven mobility, NextGen_Connected)
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 a new X2 interface and it can perform a lightweight connection to switch to RRC 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: RAN3 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 figure 1, when the UE is in the newly defined ‘RRA_PCH’ state, it is in connected mode w.r.t the NextGen Core network (NextGen_Connected state in NR, corresponding to ECM_Connected in LTE). There is no signalling involved between the NR eNB and the NextGen 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 serving NR eNB and RAN-level tracking (RAN based paging as explained below) will take care of reaching the UE and forwarding the data. 
Proposal 2: RAN3 to agree that there is no (new) S1 signalling necessary between NR eNB and the NextGen core network to inform the CN of the UE’s state transition into RRA_PCH.
Furthermore, 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 in SA2, as CN-level tracking is in their scope.
2.1.1.1.1 RAN based paging
The UEs in RRA_PCH state need to be paged via the eNB using RAN based paging mechanism. Such a mechanism has a number of benefits including S1 signalling savings, and possibility for dynamic DRX settings. While the overall signalling volume with RAN-based paging may be comparable with that of Core-based paging, a major advantage of the former is that the signalling traffic is equally distributed over the processing nodes in the RAN, and is predictable in volume due to the geographical spread of UE population, which allows for system design based on the worst case scenario. In contrast, due to the centralised location of CN functions, the overall instantaneous signalling volume is much more unpredictable and the system is more likely to experience signalling storms. This mechanism is being considered as part of the Rel-14 light connection work item as well. 
Proposal 3: RAN3 to consider the support of RAN initiated paging based on X2 to aid downlink reachability for UEs in RRA_PCH mode. 
2.1.1.2 RRC_CONNECTED (active state, UE driven mobility, NextGen_Connected)
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 ‘connectionless’ model with least signalling overhead and no network storage requirement and using common channels for small data transfer. However, it depends on PHY layer implementation allowing for common channels and there is a need to find a solution for encryption and each data packet may need to carry enough information to be transmitted independently. 
Proposal 4: RAN3 to consider supporting UE-based mobility in RRC Connected mode as part of SA NR RAN-based Mobility framework.
2.2 RAN level anchoring architecture 
In order to support RAN level tracking, an anchor node is defined as part of the mobility framework. Depending on the 5G RAN architecture, this anchor node may be static (fixed) or dynamic. It is essential to know whether this architecture would be distributed similar to E-UTRAN or hierarchical with a centralized node similar to RNC in U-TRAN. If the architecture is agreed to be distributed, mechanisms have to be put in place to minimize or eliminate the CN signalling caused by UE mobility. In today’s architecture, there is no possible separation of control and user plane or physical layer except in Dual connectivity.
If a front-haul type of network architecture is considered [4], and there is CP/UP split, we could have a centralized node, potentially covering many cell sites. This node could act as an anchor where the control plane context is stored. 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 node at every cell change.
Initially the UE resides in RRA-1 as shown in figure 2. As long as the UE reselects to a cell of the same RRA there is no Uu signalling. NG3 is anchored at the RAN node (“Anchor RAN node”) where the UE was put in RRA_PCH state.
-	Upon reselection to a cell of another RRA (RRA-2) the UE performs an access stratum procedure referred to as “Cell Update”. As part of the execution of this procedure the NG3/NG4 interfaces are re-anchored on the new RAN node, which from this point on becomes the new “Anchor RAN node”.
-	Upon DL data arrival at the “Anchor RAN node” the UE is paged in the whole RRA-2 using “New X2”, an intra-RAN interface similar to X2. When UE responds to paging, the RAN puts the UE in CU_CONNECTED state. If the UE responds from a RAN node that is different from the “Anchor RAN node”, the RAN decides whether to re-anchor NG3/NG4 on the new serving RAN node or keep the anchor function in the existing “Anchor RAN node”. 


Figure 2. UE mobility while in RRA_PCH state with distributed RAN
Figure 3 illustrates a possible system behaviour for a UE in RRC_CONNECTED state (i.e. UE actively exchanging data with UE-driven mobility) with distributed RAN architecture. When reselecting to a new cell within the same RRA the RAN may decide to keep the original “Anchor RAN node” and rely on an intra-RAN node interface (“New X2”) to tunnel the traffic between the “Anchor RAN node” and the serving RAN node.
For a UE in RRC_CONNECTED (UE-driven mobility) state the NG3/NG4 interface needs to be re-anchored only when the UE moves to a new RRA (not illustrated in Figure 3).



Figure 3. UE mobility while in RRC_Connected (UE-driven mobility) state with distributed RAN
The main difference between a centralised and distributed architecture is the following:
-	With centralised RAN architecture the anchor node for a given RRA is static 
-	With distributed RAN architecture the anchor node for a given RRA is dynamic (i.e. any RAN node within the RRA can serve as the anchor), the choice of “Anchor RAN node” being determined at the moment when UE is put to RRA_PCH state.
Proposal 5: RAN3 to discuss further the two architecture options (i.e. distributed vs. hierarchical/centralized) considering the new mobility states proposed for the RAN-based mobility framework for standalone NR. 

3 [bookmark: Proposal_Pattern_Length]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: RAN3 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: RAN3 to agree that there is no (new) S1 signalling necessary between NR eNB and the NextGen core network to inform the CN of the UE’s state transition into RRA_PCH.
Proposal 3: RAN3 to consider the support of RAN initiated paging based on X2 to aid downlink reachability for UEs in RRA_PCH mode. 
Proposal 4: RAN3 to consider supporting UE-based mobility in RRC Connected mode as part of SA NR RAN-based Mobility framework.
Proposal 5: RAN3 to discuss further the two architecture options (i.e. distributed vs. hierarchical/centralized) considering the new mobility states proposed for the RAN-based mobility framework for standalone NR. 
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5 Annex
Table 1 below summarizes the solutions proposed in this contribution for NR mobility framework. 
Table 1. Summary of solutions for Standalone NR RAN based mobility framework
	Solution
	Pros
	Cons

	RAN level tracking i.e. RRA_PCH and RAN based paging
	· S1 signalling reduction
· CN not impacted when UE performs suspend/resume procedure
· Possible to use smaller/different RAN tracking area i.e. RRA than current TA
	· Not much reduction in overall system signalling due to X2 paging; however, the signalling traffic volume is equally spread over the RAN (instead of being concentrated on a few Core Network control plane functions in a centralised location) 
· Additional broadcast information of RRA
· Applicability for small cells/HeNB as “anchor” difficult

	RRC_Connected with UE Controlled mobility 
(Using UE controlled forward HO instead of network controlled backward HO)
	· Reduction in radio interface signalling e.g. no measurement configuration needed
· Graceful handling with longer DRX
· UE can wake up in a new cell and perform “cell update”
· RLF handling is not necessary
· No need for careful HO planning/eNB preparation
· Potential for less processing in the network (HO related)
	· Network has less control over UE mobility 
· Some aspects may be dependent on UE implementation
· Load balancing during HO may not be possible

	RAN anchor for control and user plane
· Anchor remains unchanged even during UE mobility 
· Same Anchor node for both control plane and user plane
· Anchor node is simply a storage node while UE is suspended
· Context is relocated to serving node when UE goes connected

	· Saves CN signalling
· Can be more beneficial when network uses CU DU split.
	· No reduction in overall system signalling, however the signalling traffic volume is equally spread over the RAN (instead of being concentrated on a few Core Network control plane functions in a centralised location)
· Without CP/UP split, or an anchor node, there is tromboning of data over the costly last mile
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RRA_PCH is used when UE exchanges no data:

		As long as UE reselects within the same RRA, there is no Uu signalling. NG2/NG3 is anchored at the “Anchor RAN node” (where the UE was put in RRA_PCH state)

		Upon RRA change, UE performs Cell Update and NG2/NG3 is re-anchored

		Upon DL data arrival, UE is paged in the whole RRA using “X2”
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RRC_CONNECTED (UE-driven mobility) is used when UE exchanges data with the network:

- The “Anchor RAN node” does not need to be relocated at Cell Update as long as UE stays within the same RRA, to reduce EPC signalling load; a tunneling extension over “New X2” can be used instead

- NG2/NG3 needs to be re-anchored only when UE moves to a new RRA
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