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1   Introduction
A new RAN state, namely “inactive state” is under discussion for NR. The following agreements were made regarding this state in RAN2 [1], [2]; 
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 
benefitting 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

Further, the following agreements were made regarding mobility procedures in inactive state; 
RAN2#95bis:

Agreement
1.  Concerning RRC driven UL-based connected mode mobility:
· For connected active state mobility, DL-based handover is supported, and UL based mobility can continue to be studied.
· For connected inactive state, DL-based reselection is supported, and UL-based mobility can also be studied
· Benefits of UL based mobility, compared to DL based mobility, should be studied with performance analysis.
In this contribution, we discuss the mobility considerations for this new RAN state.
2   Discussion
2.1   Mobility-related requirements
The various requirements for NR are stated in [3]. Some of these requirements which impact the inactive mode UE mobility operation for NR (directly or indirectly) are given below: 
· The mobility speed target should be 500km/h.
· The target for UE battery life beyond 10 years, 15 years is desirable.
· The target for connection density should be 1,000,000 device/km2 in urban environment.
We next discuss the various mobility mechanisms being considered for this new RAN state. 

2.2   DL-based Mobility for Inactive Mode

The downlink measurement based UE mobility (i.e. PSS/SSS/CRS based) has been studied extensively in different LTE study items like NB-IoT, and it has already been observed that downlink measurement based UE mobility can meet most of the above stated requirements (e.g. UE speed, power consumption, connection density) for idle mode operation. 

The inactive state in NR is an intermediate state between Idle and Connected modes where the UE context is stored in the RAN and is valid within an area defined as the DL RAN tracking area. This area is expected to be smaller in size when compared to the MME Tracking area which is used for LTE Idle mode mobility operations. Furthermore, a large number of UEs are expected to be in this new power-saving state. Considering these new changes, the following enhancements can improve the performance of DL-based mobility in NR.
Paging Reliability
SFN-based transmissions can be considered for TRPs within the DL RAN tracking area in order to improve the paging reliability. While SFN-based transmissions may be difficult to support in above-6GHz due to the complex beam management procedures across TRPs [8], it is however a potential candidate for enhancing the system performance in sub-6GHz spectrum. Also, the geometry gains achieved by SFN-based transmissions are significant as shown by numerous studies and can also be applied for paging procedures. Longer cyclic prefixes may be used to support such SFN-based transmissions and realize the potential gains. 
Paging Load 
Since the UE context, that is available in this new inactive state, is valid within a smaller area (DL RAN tracking area), the number of UEs within this particular area is also less when compared to the LTE MME Tracking area. Hence managing the paging load is now less complex as compared to LTE. Also, the flexible configuration of DL RAN tracking area, which is discussed in RAN2, can further help in better managing the paging load. In addition, other enhancements for reducing the paging load such as hierarchical paging can also be studied for enhancing the DL mobility in NR.
NB-IoT has already shown that DL-based mobility can work with a large number of UEs (about 50,000 devices per cell sector [9]) as compared to LTE. Also, the user plane CIoT optimizations in NB-IoT (which is similar in principle to inactive mode in NR) show that DL mobility can successfully work well even for NR inactive state. 
Power Consumption Requirements

It is an essential requirement that the UEs spend as less power as possible in the inactive mode (at least compared to LTE IDLE mode). As shown in our companion analysis contribution [7], the power consumption for DL-based mobility is lesser when compared to the UL-based mobility, (which is being projected as an alternative to the existing DL mobility solution) across a wide variety of scenarios. 
Considering the above design aspects for NR, requirements for new NR state (inactive mode) and potential enhancements for mobility procedures, it is expected that DL-based mobility can sufficiently support UE mobility in inactive state.

Observation 1: DL-based mobility can sufficiently support UE mobility in the NR inactive state.
2.3   UL Measurement-based Mobility for inactive mode
Uplink measurement based UE mobility scheme for inactive mode is presented in [4] and [5]. For UL measurement based mobility, network configures UE with UL resources within a configured area (called UL tracking area), within which UE performs regular UL tracking signal transmission. This signal can be used to determine UE’s position (e.g. cell/TRP/beam level). Network, in turn, uses the determined UE position to correspondingly send the paging message for the given UE, only in the identified area (e.g. cell/TRP/beam) where it previously received the UL tracking signal. When the UE moves out of coverage of the UL tracking area, the UE performs a UL tracking area update procedure (similar to DL RAN tracking area update) in order to get new configuration for continuing with UL measurement based mobility. 
The following issues must first be addressed before further analysis about UL mobility can be performed. 

UL Tracking Area Update
The UL tracking area is defined as a set of TRPs which are all synchronized. Inside each UL tracking area, a UE needs a different signal to identify that the UL tracking area has changed and to make measurements thereafter. As shown in our companion analysis in [7], the performance of UL mobility schemes significantly depends on the size of the UL tracking area in relation to the cell size. 
Observation 2: UL mobility performance depends on the UL tracking area definition in relation to the cell size.
Network Feedback

The network feedback operation involves the network sending an acknowledgement (along with paging message) for each UL tracking signal transmission by the UE [4]. Most gains for UL mobility seem to be achieved due to the SFN-based assumptions [4], [6]. However, these design aspects can also improve the DL mobility performance as stated earlier. Hence, it is not clear if this is the main advantage of UL mobility. 
Resource Allocation

UL tracking signal resources can be allocated uniquely per UE or shared by a group of UEs, within an area. Inactive state is power saving state for the UE, so large number UEs will exist in this state and if resources for UL tracking signals are uniquely allocated then this may imply shortage of resources for UL data transmission for UEs in connected state. However, when resources are shared by a group of UEs, the network may not be able to reliably identify the UE’s position to a single cell/TRP/beam. Furthermore, it is not yet clear whether or not this can be supported via contention-based mechanisms as RAN1 has not yet concluded on the performance on contention-based/ grant-free transmission schemes. When this contention-based procedure fails, it may result in multiple paging messages of a single UE being sent to different cells/TRPs/beams due to lower position accuracy.
Observation 3: UL mobility performance is highly dependent on the success of contention-based procedures.
The above mentioned aspects should be considered by RAN1 for reliable evaluation of the UL measurement based inactive mode mobility scheme before prematurely concluding that UL mobility works for NR. 

Considering the above discussion, we make the following proposal; 
Proposal 1: 
· RAN1 should study DL mobility procedures’ performance in NR inactive state with priority
· RAN1 should consider UL mobility only after concluding about the performance of contention-based procedures.
3   Summary
In this contribution, we discuss different aspects of UE mobility for inactive mode. Following observations and proposals are made;
Observation 1: DL-based mobility can sufficiently support UE mobility in the NR inactive state.
Observation 2: UL mobility performance depends on the UL tracking area definition in relation to the cell size.
Observation 3: UL mobility performance is highly dependent on the success of contention-based procedures.
Proposal 1: 
· RAN1 should study DL mobility procedures’ performance in NR inactive state with priority
· RAN1 should consider UL mobility only after concluding about the performance of contention-based procedures.
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