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1 Introduction
At RAN#72, a new work item on “Enhancements of NB-IoT” was agreed [1]. One major objective of this WID is to enhance connected mode mobility.
Rel-13 NB-IoT is mainly targeted at stationary / low mobility UEs and small data transfer. As a result, idle mode mobility via cell selection/reselection was deemed sufficient and connected mode mobility was not supported.

As the market expands and new use cases are supported, e.g. asset tracking, enhancement(s) to connected mode mobility are needed in order to improve service continuity and avoid NAS recovery. 
In this paper, we discuss measurements and mobility procedures in connected mode.
2 Discussion 
NB-IoT devices are optimised for low power consumption rather than for high mobility performance. As a result, a mobility solution that minimises the signaling overhead and the power consumption at the UE is preferred to a solution that optimised the interruption time. 

In NB-IoT, two different types of data transfer are supported, data transfer over the control plane and data transfer over the user plane. When the former solution is used, AS security is not activated, which restricts the type of signaling that can be used over the air interface. A single solution common to both types of access is preferred.

2.1 Measurements in RRC CONNECTED mode
2.1.1 Which measurements are needed in RRC_CONNECTED mode

Measurements in RRC_CONNECTED mode are required to detect the serving cell quality deterioration and on neighbouring cells to accelerate the mobility procedure. 

· Serving cell measurements

NRSRP and NRSRQ shall be performed on the NRS of the configured (anchor or non-anchor) carrier as already specified in Rel-13. 

· Neigbouring cell measurements
NRSRP and NRSRQ shall be performed on the NRS of the neighbouring carrier. Considering deployment scenarios where multi-carrier operation is used, both intra- and inter-frequency measurements need to be supported.
Proposal 1: Intra-frequency and inter-frequency measurements are supported in RRC_CONNECTED mode.
Proposal 2: Performance requirements for Intra-frequency and inter-frequency NRSRP/NRSRQ measurements need to be defined by RAN4. An LS needs to be sent to RAN4.
2.1.2 When to perform measurement in RRC_CONNECTED mode

In LTE, intra-frequency measurements are performed simultaneously to data transfer while measurement gaps are used for inter-frequency measurements.

NB-IoT devices are low cost devices and may not be able to perform intra-frequency measurement simultaneously to data transfer. 

Since NB-IoT devices are optimised for low power consumption, they are expected to spend a large amount of time in DRX even in RRC_CONNECTED mode. Connected mode DRX provides natural gaps (i.e. inactive time). Using these gaps for measurement would avoid the signalling overhead associated to measurement gap configuration. Thus, we propose to use these natural gaps instead of configuring measurement gaps in RRC_CONNECTED mode. 
Proposal 3: Measurement gaps are not supported.
Proposal 4: Intra-frequency and inter-frequency measurement are performed during the ‘inactive time’ of connected mode DRX.
2.2 Mobility procedure in RRC_CONNECTED mode

2.2.1 UE-based mobility versus network-controlled mobility 

In LTE, mobility in RRC_CONNECTED mode is network-controlled and involves measurement configuration, timely measurement reporting, and a handover command. 
In NB-IoT, there is no stringent requirements on mobility performance (e.g. lossless mobility and interruption time) while the concern is the UE power consumption and signaling overhead, especially critical for UEs in deep coverage. Based on this context, network-controlled mobility does not seem very suitable and a UE-based solution (e.g cell reselection) is preferred.
Proposal 5: Measurement reporting for mobility purpose is not supported.
Proposal 6: UE-based mobility is used in RRC_CONNECTED mode.
2.2.2 “Cell reselection” procedure in connected mode
The simpler realisation of UE-based mobility is to reuse the cell reselection procedure. In this solution, measurement reporting is not needed. UE can perform cell reselection based on the measurement.
Proposal 7: As a baseline, mobility in RRC_CONNECTED mode is based on cell reselection.
Cell reselection parameters are broadcasted in system information for idle mode mobility. These parameters can be reused for cell reselection in connected mode, avoiding additional signalling.
Proposal 8: As a baseline, the cell reselection parameters broadcasted in the system information are also used in RRC_CONNECTED mode. Measurement configuration via dedicated signalling is not supported.
Once the cell reselection criteria is fulfilled, the simplest mechanism is that the UE reconnects to the target cell in a similar way as following a radio link failure, i.e. by triggering a RRC Connection Establishment procedure for the control plane solution and a RRC Connection Re-establishment procedure for the user plane solution, 

Proposal 9a: As a baseline, once the cell reselection criteria is fulfilled, the UE reconnects to the target cell in a similar way as following a radio link failure, i.e. by triggering a RRC Connection Establishment procedure for the control plane solution and a RRC Connection Re-establishment procedure for the user plane solution.
As an enhancement for the user plane solution, an indication is provided to indicate that this is due to cell reselection.

Proposal 9b:  For the user plane solution, an indication is provided to indicate that the RRC connection re-establishment is due to cell reselection.

As an enhancement for the control plane solution, a new procedure similar to RRC Connection Re-establishment can be introduced so that the eNB can retrieve the UE context and maintain the S1 connection.

Proposal 9c:  For the control plane solution, a new procedure similar to RRC Connection Re-establishment can be introduced, so that the S1 connection is maintained.

For the user plane solution, at RRC Connection Re-establishment, data forwarding and path switch are supported to minimise the data loss. 
For data transfer over the control plane, legacy data forwarding is not possible. It is proposed to study a mechanism to minimise data loss at cell reselection for the control plane solution. 
Proposal 10: Study a mechanism to minimise data loss at cell reselection for the control plane solution.
3 Summary
This paper discusses mobility enhancements in RRC_CONNECTED mode and provides the following proposals:
Proposal 1: Intra-frequency and inter-frequency measurements are supported in RRC_CONNECTED mode
Proposal 2: Performance requirements for Intra-frequency and inter-frequency RSRP/RSRQ measurements need to be defined by RAN4. An LS needs to be sent to RAN4.
Proposal 3: Measurement gaps are not supported.

Proposal 4: Intra-frequency and inter-frequency measurement are performed during the ‘inactive time’ of connected mode DRX.
Proposal 5: Measurement reporting for mobility purpose is not supported.
Proposal 6: UE-based mobility is used in RRC_CONNECTED mode. 
Proposal 7: As a baseline, mobility in RRC_CONNECTED mode is based on cell reselection.
Proposal 8: As a baseline, the cell reselection parameters broadcasted in the system information are also used in RRC_CONNECTED mode. Measurement configuration via dedicated signalling is not supported.

Proposal 9a: As a baseline, once the cell reselection criteria is fulfilled, the UE reconnects to the target cell in a similar way as following a radio link failure, i.e. by triggering a RRC Connection Establishment procedure for the control plane solution and a RRC Connection Re-establishment procedure for the user plane solution.
Proposal 9b:  For the user plane solution, an indication is provided to indicate that the RRC connection re-establishment is due to cell reselection.

Proposal 9c:  For the control plane solution, a new procedure similar to RRC Connection re-establishment can be introduced, so that the S1 connection is maintained.

Proposal 10: Study a mechanism to minimise data loss at cell reselection for the control plane solution.

References

[1] RP-161324, “New work item proposal: Enhancements of NB-IoT”, Vodafone, Huawei, HiSilicon, Ericsson, Qualcomm, RAN#72, Busan, Korea, June, 2016

4/4


