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1   Introduction
Inactive state of UE and its mobility aspects for NR were discussed in RAN2#94 [1] and RAN2#95 [2]. Following agreements were made for the same:
RAN2#94:

RAN controlled state:
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

Mobility:
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.

RAN2#95:

Agreement

1
One UE has only one NR RRC state at one time.

2
The connection (both CP and UP) between RAN and Core should be maintained in the “new state”

FFS whether the “new state” can be transparent to Core.

3
For the UE in the “new state”, a RAN initiated notification procedure should be used to reach UE. And the notification related parameters should be configured by RAN itself.

FFS how the notification will be transmitted (e.g. via a beam, broadcast, etc.)

4:. 
For the UE in the “new state”, RAN should be aware whenever the UE moves from one “RAN-based notification area” to another. 

FFS how CN location updates and RAN updates interact, if needed

In this contribution, we discuss the features of uplink measurement based inactive mode mobility and different aspects which needs to be considered for the same.
2   Discussion
2.1   Mobility-related requirements
The requirements for NR are stated in [3]. Some of the stated 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.
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. 
Uplink measurement based UE mobility scheme for inactive mode is presented in [4] and [5]. The primary advantages of the scheme are stated as reduction of the paging signalling load and increase of the paging reception reliability for the high speed UE scenarios (e.g. high speed trains). In the below sections, we discuss different aspects of UL measurement based UE mobility scheme.
2.2   UL Measurement based UE Mobility 
For UL measurement based mobility, network may configure UE with UL resources within a configured area/zone, within which UE performs regular UL tracking signal transmission. The UL tracking signal can be transmitted periodically, as proposed in [4] and [5]. The UL tracking signal is used by the network 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. The paging message can be transmitted either in the DRX occasion of the UE, or it can be sent directly after UL tracking signal transmission along with a short network acknowledgement [4]. 

Some aspects related to UL measurement based UE mobility for inactive mode are described below:
Network Feedback

The UL measurement based mobility can work in one of two ways:

1) Network acknowledgement for each UL tracking signal transmission

2) No network acknowledgement in relation to UL tracking signal transmission

While, UL measurement based mobility scheme can potentially work without involving network feedback for each UL tracking signal transmission, the presence of network feedback can improve the paging reception reliability as compared to legacy procedure [4]. The network feedback operation involves the network sending an acknowledgement (e.g. 1 bit) for each UL tracking signal transmission by the UE. This closed loop handshake avoids situations where network relies on outdated position information of the UE for paging process, which in turn results in higher reliability. The network feedback may also contain dedicated paging message indicator for the UE along with the given acknowledgment [4].

Implementation network feedback operation poses questions like:

1)    The paging performance gains have been shown for high mobility scenario. The gains of the mobility scheme may vary over different deployment and UE mobility scenarios.
2)    The UE monitoring time for network feedback directly impacts power consumption profile of the UE. Hence, timing relationship between UL tracking signal and network feedback as well as UE monitoring time requirements needs to be stated.

3)    Specific details are required for UE measurement requirements (e.g. synchronization) and other decoding requirements (e.g. number of messages to be decoded) which may help in efficient evaluation of the mobility scheme.

These points need to be clarified to ensure detailed analysis of the UL measurement based mobility scheme.
Observation 1: UL measurement based mobility scheme requires clarifications with respect to network feedback operation.
UE Tracking Signal
The major difference of UL measurement based mobility as compared to DL measurement mobility is the frequency of occurrence of the UL transmission. The UL measurements based mobility assumes that UE regularly sends UL tracking signal, whereas DL measurement based mobility requires UE to connect to network only when it moves out of a configured area (MME/RAN tracking area). Moreover, UL measurement based mobility may also be required to perform MME/RAN TAU based procedure to reacquire mobility configuration whenever it moves to an area where UL measurement based mobility configuration is no longer valid. 
As such, the number of uplink transmissions from the UE may only increase for UL measurement based mobility as compared to DL measurement based mobility. Thereby, it may end up increasing the UE power consumption owing to frequent UL transmissions for tracking signal or TAU. Hence, clear motivation and advantage needs to be provided for UL measurement based mobility scheme. 
Observation 2: Clear motivation is required for UL measurement based mobility scheme as compared to DL based mobility.
The UL tracking signal can be transmitted periodically or in an aperiodic manner. For the case of periodic UL tracking signal transmissions, the periodicity may need to be on par with DRX cycle, in order for the network to page the UE in the correct area (e.g. cell/TRP/beam). The frequency of uplink transmissions can be adjusted according to the UE mobility (i.e. increased frequency for higher mobility scenarios). 
Apart from regular UL tracking signal transmissions, UE also has to be DL synchronized to a nearby cell/TRP. It is not clear yet whether UE is required to perform any neighbour cell measurements when UL measurement based mobility is configured for the UE, which may add further load on the UE operations. 

All these operations can impact the UE battery life. Hence, UL measurements based mobility scheme needs to be thoroughly analysed in context of power consumption relative to DL measurements based mobility scheme.
Observation 3: Impact of UL tracking signal transmissions on the power consumption of the UE needs to be thoroughly analysed.

UL tracking signal resources can be allocated uniquely per UE or shared by a group of UEs, within an area. 

If unique UL tracking signal resources are assigned for each UE, the impact of UL measurement based mobility on network capacity should be considered. 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 allocated then this have implications on shortage of resources for UL data transmission for UEs in connected state. 
For the case when UL tracking signal resources are shared by a group of UEs, the network may not be to reliably identify the UE’s position to a single cell/TRP/beam. This may result in multiple duplicates of paging message of a UE transferred to different cells/TRPs/beams. The number of duplicate paging messages may increase with lower position accuracy.

Observation 4: UL tracking signal resource allocation may impact the paging signalling overhead and network capacity depending on how resources are shared among UEs.

The above mentioned aspects should be considered by RAN2 for reliable evaluation of the UL measurement based inactive mode mobility scheme.
3   Conclusion
This paper discusses different aspects of uplink measurement based UE mobility for inactive mode. Following observations are made in this paper:
Observation 1: UL measurement based mobility scheme requires clarifications with respect to network feedback operation.

Observation 2: Clear motivation is required for UL measurement based mobility scheme as compared to DL based mobility.
Observation 3: Impact of UL tracking signal transmissions on the power consumption of the UE needs to be thoroughly analysed.

Observation 4: UL tracking signal resource allocation may impact the paging signalling overhead and network capacity depending on how resources are shared among UEs.
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