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1. [bookmark: _GoBack]Introduction
In this contribution, we discuss mobility aspects relevant to RAN1 based on agreements made in RAN1 as well as RAN2 from previous meetings.
The following agreement regarding mobility were made in RAN1 #86bis.
	Agreements regarding NR cell
· Detailed definition of NR cell FFS
· Note: cell refers to NR cell which is tied to a same ID carried by NR-SS.

Agreements regarding mobility in IDLE mode
· Note: IDLE mode refers to a UE state similar to LTE IDLE state, whose exact definition is up to RAN2
· 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 regarding mobility in CONNECTED mode 
· Note: CONNECTED mode refers to a UE state similar to LTE CONNECTED state, whose exact definition is up to RAN2
· 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)


The following agreements regarding new ‘state’ and UE mobility were made in RAN2 #95bis. 
	Agreements on new ‘state’
· Modelling will be concluded when functionality is understood (maybe in WI phase). For the scope of the study we will refer to RRC_INACTIVE.
· A UE and at least 1 gNB should keep the AS context information in the RRC_INACTIVE state.
· Limit number of radio network identifiers
· 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 on mobility in RRC_CONNECTED mode
· 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:
· 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
· 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
· Study how to derive a cell quality based on measurements from individual beams
· 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.
· UE should be able to identify a beam. FFS how beams are identified (to be defined by RAN1)

Agreements on mobility in IDLE mode
· In IDLE mode, UE performs cell selection and reselection on NR Cells.
· Study how to derive a cell quality based on measurements.



The following agreements regarding UL-based mobility were made in RAN2 #95bis. 
	Agreement on further investigation of UL-based connected mode mobility
· 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.




2. Downlink Based Mobility
 [image: ]
Figure 1. Two types of “mobility”, (a) handover, and (b) beam management

In the general sense of mobility, two type of “mobility” can be defined, L3 mobility (or just simply handover) and TRP/Beam switching, which falls under beam management. From RAN1 perspective, the distinction is subtle as the physical layer is simply receiving signals from one TRP at a given time instant and both handover and beam management simply changes the TRPs in which the UE needs to receive signals with. As proposed in our companion contribution [1], UE mobility should be defined as handover from one NR cell to another NR cell, where NR cell can consist of one or more TRPs. Furthermore, the mapping between TRP and NR cell may be logical in nature.
Proposal 1: Mobility in RAN1 should be defined as handover from one NR cell to another NR cell, and TRP/Beam switching/selection procedure should be defined as beam management.

Downlink based mobility for RRC_CONNECTED mode
In RRC_CONNECTED mode, UE can be made aware of measurement reference signals of different TRPs and perform measurement reporting. The UE may be required to detect the NR SS from different NR Cells to perform timing synchronization to measure certain measurement signals from different TRPs. Given that UE can take measurement from different TRPs belonging to different NR cells, mobility during RRC_CONNECTED mode may be handled through beam management from the physical layer perspective.
Proposal 2: RAN1 assumes RRM measurements can be performed as part of Beam management during RRC_CONNECTED mode

Downlink based mobility for IDLE mode
During IDLE mode, UE is expected to monitor NR SS from different NR cells and be ready to perform cell re-selection procedure, which is to be determined by RAN2. The absence of the AS context and RRC connection to the network will create challenges in performing measurements from each TRP individually. Therefore, UEs should monitor NR SS, which may compose of a combination of NR PSS, NR SSS, and NR PBCH. 
The network will have the flexibility to configure a single NR cell to a single TRP, in case the network wishes to control cell re-selection procedure during IDLE mode in the TRP level. To provide such flexibility, it may be important to design the NR SS such that it can provide large number NR cell identities as proposed in our companion contribution [3].
Proposal 3: Mobility during IDLE mode is provided by RRM measurements based on NR SS


Downlink based mobility for RRC_INACTIVE mode
The exact UE behaviour and operations that will be available in RRC_INACTIVE state is still being discussed in RAN2, and is every evolving in each meeting. Although it will be important to define the mobility required for RRC_INACTIVE mode, it is equally important not to make decisions on mobility for RRC_INACTIVE mode from RAN1 perspective without a firm and concrete understanding of the new mode. It may very well be that nothing special needs to be performed from RAN1 perspective and either the mobility defined for IDLE mode or the beam management procedure defined for RRC_CONNECTED mode may very well satisfy all the requirements for mobility in RRC_INACTIVE mode.

3. Uplink Based Mobility
There are some discussions on uplink based mobility procedure for NR in [4] and [5], in order to facility possibility a quicker handover or cell re-selection process and possibility reduce overall UE power consumption. Based on RAN2 agreements, downlink based mobility is supported for all UE state modes. Any further procedures provided by uplink based mobility should be studied further taking into account power consumption of UEs, additional control/signalling overhead incurred by uplink based mobility procedure, performance improvement compared with downlink based mobility specifically design for NR. It may very well be possible enhancements provided by the downlink based mobility for NR (compared to LTE mobility) sufficiently fills in the performance or latency requirement gap that uplink based mobility supposedly provides. Although having flexibility and forward compatibility is important for NR, it should be equally important not to specify duplicate functionality and operation by multiple procedures.
Proposal 4: Benefits of UL based mobility, compared to DL based mobility, should be studied with performance analysis, including consideration of UE power consumption, signal overhead, and uplink resource utilization.

Uplink based mobility for RRC_CONNECTED mode
During RRC_CONNECTED mode, UE is likely to be expected to update timing advanced, perform measurements and report them, and potentially send BSR and other L2 control signalling to maintain proper connection for data transmission and reception. Introducing yet another procedure to transmit signals (for the sake of uplink based mobility) would be adding a redundant layer. As measurement and measurement reports is effectively performing uplink based mobility. What is required for RAN1 and should be studies further is how to provide fast transmission of measurement reports such that network can make appropriate decisions quickly. There are already talks in both RAN1 and RAN2 on how to convey important information needed by L2 quick, which RAN1 traditionally did not categorize as control signal. Furthermore, signals (e.g. signals similar to SRS in LTE) sent by the UE to provide updates to timing advanced, uplink resource allocation/scheduling, and link adaptation may naturally provide information required for uplink based mobility. Therefore uplink based mobility should be discussed together with RRM measurement reporting and reference signal design for uplink. 
Proposal 5: RAN1 should study whether uplink control signals and measurement reporting can perform the functionalities of uplink based mobility during RRC_CONNECTED mode. 

Uplink based mobility for IDLE mode
By default, UE should perform mobility based on downlink signals during IDLE mode. For UE to transmit signals in uplink during IDLE mode, imposes quite a number of challenges to uplink design. Especially since no AS context exist and network may not be able to fully control or estimate the signals being sent by the UE. UE trying to transmit signals in uplink during IDLE mode, very well effect the very definition of IDLE mode for RAN2. Furthermore, careful study of UE power consumption and impact to overall network performance should be taken into account before committing to support uplink based mobility for IDLE mode UEs.
Proposal 6: Implications to RAN1 and RAN2 should be studies further for supporting uplink based mobility for IDLE mode.

Uplink based mobility for RRC_INACTIVE mode
Similar to the downlink based mobility for RRC_INACTIVE mode, it is unclear what exactly is expected of physical layer of the UE during RRC_INACTIVE mode, as the very definition of the state is currently being discussed in RAN2. As mentioned in the downlink based mobility section, many of the functionalities required by the physical layer during this mode may be similar (if not identical) to either RRC_CONNECTED or IDLE mode. Therefore, we should wait for RAN2 to clearly define the functionalities and operations for RRC_INACTIVE first, such that RAN1 determine the difference before defining mobility procedures.


4. Conclusions
In this contribution, we discussed the various aspects on UE mobility. Our proposals are summarized as below:
Proposal 1: Mobility in RAN1 should be defined as handover from one NR cell to another NR cell, and TRP/Beam switching/selection procedure should be defined as beam management.
Proposal 2: RAN1 assumes RRM measurements can be performed as part of Beam management during RRC_CONNECTED mode
Proposal 3: Mobility during IDLE mode is provided by RRM measurements based on NR SS
Proposal 4: Benefits of UL based mobility, compared to DL based mobility, should be studied with performance analysis, including consideration of UE power consumption, signal overhead, and uplink resource utilization.
Proposal 5: RAN1 should study whether uplink control signals and measurement reporting can perform the functionalities of uplink based mobility during RRC_CONNECTED mode. 
Proposal 6: Implications to RAN1 and RAN2 should be studies further for supporting uplink based mobility for IDLE mode.
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