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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 taking the agreements from RAN2#94 meeting into account. We provide an overview of different mobility solutions including a new RAN-controlled state and RAN-level tracking for UEs deployed in NR to reduce signalling and transition time. Furthermore, we propose that these additional RAN functions are included in the study. 
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 or Registration Areas (RRA) that could be considered for NR to minimize signalling and enrich the user experience (low delay).
2.1 NR mobility 
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. 
The following agreements related to RRC state and intra NR RAT mobility were captured during RAN2#94:




“
Agreements:
1	Study the introduction of a RAN controlled “state” characterised by, at least:
a/ -	UEs in RAN controlled state should incur minimum signalling, minimise power consumption, minimise resource costs in the RAN/CN making it possible to maximise the number of UEs utilising (and benefiting from) this state
b/	Able to start data transfer with low delay (as required by RAN requirements)
FFS whether data transfer is by leaving the "state" or data transfer can occur within the " state"
FFS whether " state" translates to an RRC state

Potential characteristics of the RAN controlled “state” for study:
	a/ the CN/RAN connection is maintained
	b/ AS context stored in RAN
	c/ Network knows the UE's location within an area and UE performs mobility within that area without notifying the network.
	d/ RAN can trigger paging of UEs which are in the RAN controlled "inactive state"
	e/ No dedicated resources

“
“
Agreed requirements
	2: 	As baseline, NR shall support a state with network controlled mobility handling and a state with UE controlled mobility.
	3: 	For typical NR inter-eNB network controlled mobility, minimise the required measurement configuration to be provided to the UE to configure measurements (e.g. avoid the need to provide detailed 'cell' level information). More detailed information may be provided to address some cases.
	4	Minimise context move as a consequence of UE based mobility.

“
In the following sub-sections, we discuss the different aspects and options of the mobility framework that could be considered in NR.
2.1.1 Network Management of UEs in “inactive state”
Based on the above RAN2 agreements, RAN based paging is being considered to reach the UEs in this potential new ‘inactive state’ and the context for the UE can be stored in the RAN. These concepts involve major RAN3 impacts and need to be studied further. The UE’s location is known at RAN level wherein the UE could move within a given area without notifying the network. 
The motivation for such a state is to enable mMTC using a true ‘connectionless’ model with least signalling overhead, potentially low latency in starting data transfer and no network storage requirement and using common channels for small data transmission. 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. 
Observation 1: As per the RAN2 agreements, a potential new RAN controlled state is being considered for NR and it requires RAN3 specific support. The details of the characteristics of the new state itself can be left to RAN1/RAN2 working groups. 
Further details of the RAN3 related aspects are discussed in this section below:
2.1.1.1 RAN based paging
In order to save on signalling, the UEs in the RAN controlled state would support UE-based mobility (e.g. cell (re)selection). While the aspect on whether the UE could transfer data in this state needs to be further studied, it is most likely that the UEs need to be paged via the gNB using RAN based paging mechanism. Such a mechanism has a number of benefits including NG2 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 1: RAN3 to consider further study of the RAN initiated paging based on Xg to aid downlink reachability for UEs in the ‘new RAN controlled state’.
2.1.1.2 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 NR RAN architecture, this anchor node may be static (fixed) or dynamic. If the RAN 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 LTE 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 use the centralized unit which could cover 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 unit can be setup without having to relocate the central node at every cell change.
Furthermore, a new RAN based Registration/Routing area could be defined to support this concept. As long as the UE reselects to a cell of the same area there is no Uu signalling. NG2 is anchored at the RAN node (“Anchor RAN node”) where the UE was put in the ‘new’ state. This concept is shown in figure 1. 


Figure 1. RAN level Anchoring and UE tracking
[bookmark: _GoBack]Upon DL data arrival at the “Anchor RAN node” the UE is paged in the whole area using “New Xg”, an intra RAN interface similar to X2. When UE responds to paging, the RAN puts the UE in 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 NG2/NG3 on the new serving RAN node or keep the anchor function in the existing “Anchor RAN node”. Upon reselection to a cell of another area, the UE needs to perform an access stratum procedure to update about its location. As part of the execution of this procedure the NG2/NG3 interfaces are re-anchored on the new RAN node, which from this point on becomes the new “Anchor RAN node”.
Proposal 2: RAN3 to include the study of RAN level anchoring in conjunction with the functional split architecture to support RAN-based mobility framework for standalone NR.
Proposal 3: RAN3 to study how context transfer can be minimised during UE-based mobility in this new state.  
Currently, the following is the proposed text within the TR [5] considered as part of the functions that NR RAN may also include:
“
Contacting UEs in inactive mode (feasibility of UE Inactive mode to be further studied and coordinated with RAN2)
-	This function may be associated with a NR location area management function providing the capability for NR RAN to manage location areas. If it exists, it is FFS whether and how this NR location area management function will be coordinated with LTE and whether and how it will interact with the NG Core location area management.
“
Proposal 4: RAN3 to consider including the study of RAN level tracking/paging and RAN level anchoring architecture to support RAN-based mobility for UEs in the potential new state.
Furthermore, as this concept has been agreed to be potentially studied, it should be captured as a function that is essential to be studied. 
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. RAN3 is requested to discuss the following proposals and agree on the text proposal for TR in Annex.
Observation 1: As per the RAN2 agreements, a potential new RAN controlled state is being considered for NR and it requires RAN3 specific support. The details of the characteristics of the new state itself can be left to RAN1/RAN2 working groups. 
Proposal 1: RAN3 to consider further study of the RAN initiated paging based on Xg to aid downlink reachability for UEs in the ‘new RAN controlled state’.
Proposal 2: RAN3 to include the study of RAN level anchoring in conjunction with the functional split architecture to support RAN-based mobility framework for standalone NR.
Proposal 3: RAN3 to study how context transfer can be minimised during UE-based mobility in this new state.  
Proposal 4: RAN3 to consider including the study of RAN level tracking/paging and RAN level anchoring architecture to support RAN-based mobility for UEs in the potential new state.
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5 Annex
--------------------Text Proposal for TR--------------------
Contacting UEs in inactive mode (feasibility of UE Inactive mode to be further studied and coordinated with RAN2)
-	This function may be associated with a NR location area management function providing the capability for NR RAN to manage location areas. If it exists, it is FFS whether and how this NR location area management function will be coordinated with LTE and whether and how it will interact with the NG Core location area management.
-	This function may also involve NR RAN based paging mechanism wherein the UEs may be paged within this location area without incurring any CN signaling. When these UEs are in mobility within the location area, the UE’s context can be considered to be anchored at a given node, such as the ‘Centralized Unit’ to avoid unnecessary context transfer procedures within the location area. Details of these procedures can be further studied as part of this function.
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