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1 Introduction
In [1], a WF on NR RRM was agreed. In this contribution, we provide some further views on mobility in NR.
2 Related agreements in RAN4 and other groups

RAN1#86-bis
Agreements (DL measurement for L3 mobility):
· Note: In this WF, IDLE mode refers to a UE state similar to LTE IDLE state, whose exact definition is up to RAN2
· Note: In this WF, CONNECTED mode refers to a UE state similar to LTE CONNECTED state, whose exact definition is up to RAN2
· Note: In this WF, cell refers to NR cell which is tied to a same ID carried by NR-SS.

· Detailed definition of NR cell FFS

· NR supports cell-level mobility based on DL cell-level measurement (e.g. RSRP for each cell) in IDLE mode UE

· Study the following DL signals for IDLE mode RRM measurement

· Option 1: Synchronization signal (e.g., NR-PSS, NR-SSS)

· Option 2: RS for demodulating broadcast channel

· Option 3: RS for mobility

· FFS if and how to associate the cell ID with this RS

· FFS this RS is for multi-beam and/or single-beam

· Option 4: Any combinations of above

· Other options are not precluded
· FFS: QCL definition for DL signal for IDLE mode RRM measurement
· FFS whether NR cell is defined only for “IDLE mode” or for both IDLE and CONNECTED mode

Agreements:
· For L3 mobility based on DL measurement in CONNECTED mode UE:

· At least non-UE-specific DL signals can be used for CONNECTED mode RRM measurement

· FFS UE-specific DL signals for this purpose
· Study the following DL signals for CONNECTED mode RRM measurement

· Option 1: Cell related RS which is carrying Cell-ID (e.g. NR-PSS, NR-SSS)

· Option 2: RS for mobility

· FFS how to associate it with beam-ID and/or Cell-ID

· Option 3: RS for demodulating broadcast channel

· Option 4: A combination of option 1 and 2

· Other options are not precluded

· At least one of cell-level and beam-level measurement quantities is supported for RRM reporting.

· FFS which RRM measurement quantities to define, e.g., RSRP, RSRQ

· Study the following options for RRM measurement quantities to be reported for L3 mobility:

· Option 1: derived per cell (e.g., if multi-beam, as a function of multi-beam measurements)

· Option 2: derived per beam

· Option 3: A combination of option 1 and 2

· Other options are not precluded

· FFS for other UE states (if introduced by RAN2)
RAN2#95-bis

Agreements (new state)

1:
Modelling will be concluded when functionality is understood (maybe in WI phase). For the scope of the study we will refer to RRC_INACTIVE.

2: 
A UE and at least 1 gNB should keep the AS context information in the RRC_INACTIVE state.

3: 
Limit number of radio network identifiers

4:
In the RRC_INACTIVE state, a UE location can be known at the RAN based area level where that area may be a single cell or more than one cell. Area is determined by the network.

Agreements for DL-based mobility in RRC_CONNECTED mode (optimized for data transmission, at least for network-controlled mobility) mobility with RRC involvement, concerning beams and the relation to the NR cell definition:

1. UE at least measures one or more individual beams and gNB should have mechanisms to consider those beams to perform HO. Note: This is necessary at least to trigger inter-gNB handovers and to optimize HO ping-pongs / HO failures.

–
FFS: whether UE report individual and/or combined quality of multiple beams

2. UE should be able to distinguish between the beams from its serving cell and beams from non-serving cells for RRM measurements in active mobility. UE should be able to determine if a beam is from its serving cell.

–
FFS whether serving/non serving cell may be termed 'serving/non serving set of beam)

–
FFS: whether the UE is informed via dedicated signalling or implicitly detected by the UE based on some broadcast signals.

-
FFS how the cell in connected relates to the cell in idle

3. 
Study how to derive a cell quality based on measurements from individual beams

4. 
In connected mode, intra-cell mobility can be handled by mobility without RRC involvement. 

-FFS whether there may be cases that do require RRC involvement.

5
UE should be able to identify a beam. FFS how beams are identified (to be defined by RAN1)

Agreement
1
For connected mode, cell level signal quality for RRM measurement can be derived from multiple beams, if multiple beams can be detected (this does not preclude RRM measurement made on a single beam)

FFS how to combine beam measurements to a cell level single quality

Agreements for IDLE

1
In IDLE mode, UE performs cell selection and reselection on NR Cells.

2
Study how to derive a cell quality based on measurements.

RAN4#80-bis

Agreements (Initial Access, cell detection, discovery signal, etc.) [1]
· Preliminary Terminology for discussion in RAN4 (may be updated, for example if other WG agree some other terminology for the same procedure): 

· Cell selection in RRM discussion  refers to initial detection of an NR cell during cell selection procedure (i.e. UE is not camped on a cell). E.g. at power on. Cell selection includes cell suitability evaluation. 

· Other steps of the initial access procedures for camping on a cell will be covered by corresponding requirements (system information decoding, random access requirements etc)

· Cell Identification: Once the UE is camped or in connected states the UE performs cell Identification according to requirements.

· Measurements: Once the UE is camped or in connected state the UE performs measurements according to requirements

· Requirements framework covers single and multi-beam deployments

· Requirements cover applicable duplex mode(s)

· Requirements cover SA and NSA

· Requirements cover licensed and unlicensed operations

Way forward

· Further investigations of RAN1 decisions on signals for cell identification and measurements (including discovery signals) and the means to have requirements for fast cell identification and measurement

3 Discussion

3.1 RRC states and mobility procedures

In IDLE, cell-level mobility is supported based on DL cell-level measurements (e.g., RSRP for each cell), which could be performed, e.g., on synchronization signal (e.g., NR-PSS, NR-SSS), RS for demodulating broadcast channel, RS for mobility, etc. It has also been agreed earlier in RAN1 that in IDLE the UE is camping on the best cell.

For cell-level mobility, the UE has to perform at least:

· Cell selection

· Cell selection refers to initial detection of an NR cell during cell selection procedure (i.e., the UE is not yet camped on a cell), e.g. at power on. To select a cell, the UE has to perform measurements and evaluate whether the cell is suitable for being selected.

· Cell reselection

In CONNECTED, at least non-UE-specific DL signals can be used for CONNECTED mode RRM measurement, however, it has not been yet concluded which of cell-specific, beam-specific signals, or a combination of the two will be used, but at least one of the cell-level and beam-level measurement quantities are to be reported where the cell-level measurement quantities could also be based on beam-specific signals.
In the new RRC state, RRC_INACTIVE, the UE and at least one gNB should keep the AS context information, and the UE location can be known at the RAN based area level where that area (determined by the network) may be a single cell or more than one cell. Unless the new state is considered as a temporary transition state, the UE should be able to stay in this state for some time, so, considering also that the UE location may still be not known at the cell level, this means that at least cell-level mobility is likely to be applicable in this state.
· Proposal 1: RAN4 requirements for cell selection and cell reselection are needed at least for IDLE case and possibly also for the new RRC_INACTIVE state.
· Observation 1: For CONNECTED mode, using beamformed measurements for mobility is likely to result in some differences in the mobility procedure and corresponding RAN4 requirements. 

· Observation 2: For IDLE, cell-level mobility is supported, which is closer to LTE, compared to the CONNECTED mode mobility.
3.2 UE speed and beam selection

UE speed is one of the mobility factors. With a higher speed, the best cell is likely to change more frequently, which will also depend on the cell size. However, the best beam is likely to change even more frequently, especially with narrow beams, unless the UE is moving along the best beam direction which is not realistic in a generic scenario or the beam configuration is dynamically adapted to follow the UE movement which is most likely infeasible, at least in populated networks.
Not only the best beam is likely to change more frequently, but also the set of best neighbor beams may be more dynamic than the set of neighbor cells in LTE. Therefore, in order to be able to identify the correct best beam, the UE may need to monitor over a larger set of beams. In addition, if the UE has to be associated with the best beam, then one may also expect an increased probability of ping-pong-like effects for beams compared to similar cell-level effects in LTE. It is also worth noting that it may be difficult for the network to dynamically provide accurate neighbor beam lists.
· Observation 3: Accurate and fast mobility measurements are crucial for NR.
· Observation 4: If beam-based mobility based on non-UE specific signals is introduced (for CONNECTED state), the requirements need to be specified with care to ensure reasonable performance, especially for UEs with a higher speed.
· Observation 5: Mobility-related requirements need to be specified under the assumption that no neighbor beam list is provided.
Yet another aspect is that a UE may change beams but not the cell, and at the same time the UE may be performing one or more cell-specific measurements which ideally should not be impacted by the beam change. However, the UE may also be performing beam-specific measurements which may be impacted by the beam change.
3.3 Inter-RAT mobility
Inter-RAT handover operation between NR and LTE has been agreed in other RAN groups.
· Proposal 2: Mobility requirements with inter-RAT mobility between NR and LTE will be specified by RAN4.
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