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1	Introduction
A new study item was agreed at RAN#71 where the main objective aims to develop a New Radio Access Technology where “Target a single technical framework addressing all usage scenarios, requirements and deployment scenarios defined in TR38.913 including, Enhanced mobile broadband, Massive machine-type-communications, Ultra reliable and low latency communications” [1]. 
The NR (New Radio) system should give the end user the perception of being always connected, to handle diverse traffic profile and provide the always-on connectivity. In this contribution, we discuss about some key mobility scenarios where the rather contradicting requirements of various services needs to be supported. 
In [2] the requirements of efficient small data transmission were discussed, and it was observed that the efficient small data transmission will benefit from system access with low overhead and robust mobility solution during the low activity periods of the UE. NR using low power nodes is considered, capable of coping with mobile traffic explosion, especially for hotspot deployments in indoor and outdoor scenarios. 
In addition to supporting basic low activity UE functions of a RRC state, the new state could benefit from being configurable based on new service requirements and scenarios. Hence, when studying the different mobility scenarios, it is important to understand the pros and cons the new state can have on the NR mobility scenarios. 
Based on contribution R2-163364 [3] following requirements 2 to 4 were agreed according to RAN2 meeting #94 report in chapter 9.5.1 [4]:
Agreements:
	1 NR eNB corresponds to 1 or many TRPs

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.

Furthermore, it would be important to agree on the mobility scenarios where the above agreements are applicable in order to maximize the usefulness of the use cases.
2	Intra-NR mobility scenarios
The term “Intra-NR” refers to an operation where mobile UEs are moving within the NR coverage area and are served by one or more NR air interface variants. Discussion on the mobility scenarios should consider the network architecture, where the cells maybe standalone with non-ideal backhaul or cells with remote radio heads connected to NR nodes with ideal backhaul. If cells are ‘collocated’, then the connection between the cells can be considered ideal; and ‘non-collocated’ deployment refers to non-ideal connection between NR cells.
2.1	Intra-frequency mobility
Figure 1 shows the deployment scenarios for NR mobility where two NR cells are on the same carrier frequency (intra-frequency). The two cells can both be macro cells to provide continuous coverage as in Figure 1.1. Alternatively, can be small cells to provide link and mobility robustness over high frequency bands as in Figure 1.2. Intra-frequency cells can also form a multi-layer network, where small cells can provide throughput enhancement as shown in Figure 1.3.


Fig. 1.1 Intra-frequency macro



Fig. 1.2 Intra-frequency small only						Fig. 1.3 Intra-frequency HetNet
Figure 1 Intra-frequency mobility scenarios
2.2	Inter-frequency mobility
Figure 2 shows the deployment scenarios for NR mobility where two or more NR cells are operating on different carrier frequencies (i.e. inter-frequency). 
In Figure 2.1, one macro/small cell is operating on two carrier frequencies. The cells on respective carrier frequencies can provide either the same or different coverage in NR. In Figure 2.2, the two cells operating on different carrier frequencies are connected via non-ideal backhaul.   
Figure 2.3 and 2.4 illustrate some mixed scenarios with more than two cells available. Since NR is supposed to span the overall spectrum band, it is likely for several frequency bands be available for NR deployment. In Figure 2.3, two small cells on different carrier frequencies are collocated to best utilize the site resources, and connected to macro cell via non-ideal backhaul. In Figure 2.4, the small cells are operating on the same intra-frequency carrier and connecting to macro cell, which is operating on a different carrier frequency.  
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Fig. 2.3 Mixed collocated & non-collocated		   Fig. 2.4 Mixed intra- & inter-frequency
Figure 2 Inter-frequency deployment scenarios
2.3	Discussion about the NR mobility scenarios
[bookmark: _Toc350804057]2.3.1	Coverage and capacity
In general, network deployments target with scenario where the small cell nodes are deployed under the coverage of macro cells to improve the capacity. For NR, three scenarios can be considered:
1.	UE is in the NR coverage of both the macro cell and small cell simultaneously.
2.	UE is not in NR coverage of both the macro cell and small cell simultaneously.
3.	UE is in NR coverage of small cells, which are not deployed within the coverage of macro cell layer.
2.3.2	Outdoor and indoor
NR should target both outdoor and indoor coverage with both macro and small cell deployments. The small cell nodes could be deployed indoors or outdoors, and in either case can provide service to indoor or outdoor UEs.
For indoor UE, only low UE speed mobility (0 – 3 km/h) is targeted, while for outdoor UEs the whole speed range from 0 – 500 km/h is targeted. Both throughput and mobility shall be used as performance metric for stationary, low, medium and high-speed mobility. 
2.3.3	Cell density
NR should consider mobility in sparsely and in densely deployed networks. In some scenarios (e.g., hotspot access points in indoor/outdoor places, etc.), single or a few small cell node(s) are sparsely deployed, e.g. to cover the hotspot(s), but also number of cell nodes may be deployed to support service continuity over a relatively wide area. Therefore, the coverage of small cell layer is typically discontinuous, but should not limit the mobility performance of a continuous small cell layer. For mobility performance, both sparse and dense deployments should be considered with equal priority.
Proposal 1: It is proposed to include multi-layer intra- and inter-frequency deployments to NR mobility scenarios in TR.
3	Discussion of mobility related requirements for NR
[bookmark: _Toc350804071]3.1	RRC state handling
As agreed in the previous RAN2 meeting [4], the NR should be capable of supporting both network and UE controlled mobility handling. In addition, it must also support different mobility state profiles to minimize the context move during UE based mobility. One proposed state machine [5] for NR system comprises three states: the traditional RRC_IDLE and RRC_CONNECTED; with an additional RRC_INACTIVE_CONNECTED state. Some of the key features of the new state include:
1.	The UE is always in connected state from the CN perspective. 
2.	The RAN handles the mobility and reachability functions for the UE. 
3.	From the RAN perspective, the RRC connection to the UE can be suspended keeping some of the UE context information in RAN. 
4.	The behaviour of the UE in RRC_INACTIVE_CONNECTED state can be configured based on the services required by the UE.
5.	Lightweight signalling can be used to “Suspend” and “Resume” from and to the intermediate state.
Thus, the design of the new RRC state has a major impact on how to track a UE on the cell level or on some larger area consisting of multiple cells. In turn, this will influence the decision on which paging approach (RAN vs. CN) to use for a given UE.  It is proposed to study several impacting factors including how the location of the UE is tracked and what is the role of mobility state of the UE to context and measurement configuration handling.
3.2	Mobility performance
NR should support mobility in described NR deployment scenarios, as described in section 2.
NR should support mobility in higher frequency bands (e.g. more available spectrum and wider bandwidth). 
NR should support mobility for flexible coverage conditions, e.g. scenarios where outdoor coverage deployment consists of both macro cells and small cells.
The UE speed has a significant impact on the handover and overall mobility performance, where especially the high speed UEs potentially experience higher failure rate than low speed UEs. 
The benefits of allowing medium and high speed UEs in small cells may provide benefits in NR mobility and for example, UE throughput gain, improved robustness of mobility, improved UE power efficiency should be evaluated in multi-layer deployments with both intra- and inter-frequency scenarios. For mobility performance, it is important to consider methods on how the UE speed can be estimated in NR small cells.
The impact of mobility on service quality (e.g. interruption time, packet loss) should give the end user the perception of being always connected. Mobility over different deployment areas should provide transparency to the user in heterogeneous environment. Mobility during the UE low activity periods should be seamless to user providing instantaneous access to the network when there is a need for connectivity.
[bookmark: _Toc350804076]3.3	Energy efficiency
NR should target the network energy efficiency to be as high as possible considering the mobility scenarios described in section 2. Configuring the small cells in a power saving mode should be supported considering the increased likelihood of small cell related mobility challenges and limited off-load capability when not serving data active users.
Mobility solutions should consider scenarios where the moving UEs in low activity state is always connected to the network from the core network perspective. The study of UE mobility procedures should consider both low data activity and high data activity mobility procedures where the UE energy efficiency is optimized. 
[bookmark: _Toc350804077]3.4	Security
The NR architecture should have a comparable level of security as E-UTRAN for the mobility scenarios of NR, assuming that the moving UEs will be connected to network also during the low activity periods. 
3.5 	Local mobility
[bookmark: _GoBack]Mobility in NR use cases indicates that in some services the inter RAT mobility functions can be disabled. Additionally, intra-NR mobility functions can be simplified for local UEs, which helps decreasing the cost of infrastructure and devices. NR solutions could limit the mobility support for some devices and services and provide simplified mobility on demand to those devices and services that need it only on local scale.
3.6	Diverse and extreme mobility scenarios
Some NR use cases demand very diverse and sometimes extreme requirements [6]. For example, the use cases with ultra-high reliability and ultra-low latency may require mobility on demand with data rates ranging from few Kbps to 10 Mbps, with end-to-end latency ranging from 1ms to 10ms at UE speeds ranging from 0 km/h to 500 km/h. In such cases, a single solution to satisfy all the extreme requirements at the same time may lead to over-specification and high cost. Therefore, satisfying a certain diverse and extreme requirement is expected to lead to a solution satisfying the user experience in such a use case category but not to over-specify the baseline solutions.
Proposal 2: It is proposed to study the RRC state handling and location tracking in different mobility scenarios to minimize the context move during the UE based mobility for different mobility state profiles.
Proposal 3: It is proposed to study the mobility procedures with generic requirements to minimize the number of solutions of NR mobility in TR.
Proposal 4: It is proposed to identify and study the mobility procedures with contradicting requirements to satisfy the extreme requirements of NR mobility and describe these in TR.
4	Summary
This contribution discussed the mobility scenarios in NR including some key requirements for mobility performance, energy efficiency, security and limited mobility for stationary devices. Achieving a single technical mobility framework, which can address all usage scenarios, requirements and deployment scenarios defined in TR38.913. The mobility procedures need to cover enhanced mobile broadband, massive machine-type-communications, ultra-reliable and low latency communications. Therefore, the study should consider identifying and agreeing the deployment scenarios and the related key mobility challenges and requirements, which target for a single technical mobility framework.
Proposal 1: It is proposed to include the multi-layer intra- and inter-frequency deployments to NR mobility scenarios in TR.
Proposal 2: It is proposed to study the RRC state handling and location tracking in different mobility scenarios to minimize the context move during the UE based mobility for different mobility state profiles.
Proposal 3: It is proposed to study the mobility procedures with generic requirements to minimize the number of solutions of NR mobility in TR.
Proposal 4: It is proposed to identify and study the mobility procedures with contradicting requirements to satisfy the extreme requirements of NR mobility and describe these in TR. 
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