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1. [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Introduction 
RAN2 have agreed that DL-based mobility will be supported and are studying the benefits of UL based mobility compared to DL based mobility, based on performance analysis. The following agreement has been made by RAN2: 
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


[bookmark: _GoBack]There are some scenarios where UL mobility is expected to provide gains [4]. However, in line with the RAN2 agreement, there are also baseline scenarios where DL-based mobility will be applied. This document considers aspects of DL mobility for those scenarios.
In RAN1#86bis, the following were agreed [1]:
Agreements:
· 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)

This document considers the RRM measurement quantities and reporting criteria. The document focusses on CONNECTED mode, but the concepts are relevant also to IDLE mode. For the case of CONNECTED mode, the UE needs to make RRM measurements and evaluate whether it should make a handover measurement report to the network. In the case of IDLE mode, the UE needs to make RRM measurements and evaluate whether it should reselect a different cell. 
Section 2 of the document considers scenarios where the best cell for the UE to attach to may vary as a function of the number of good beams that the UE can observe. Section 3 considers the need for the UE to be able to measure different beams from different cells for mobility purposes. 
2. Ranking of cells
One option that needs studying (from the agreements at RAN1#86bis) is how to  derive a cell quality based on measurements from multiple beams, if detected. As well as being able to measure cell quality based on measurement of mutliple beams, it should be possible to derive a cell quality based on a single beam measurement (for single beam cells, or cases where the UE can only see a single beam of a cell). It follows, therefore that it should also be possible to compare cell qualities of cells on which different numbers of beams are measured - e.g. a cell with 1 good beam, compared to a cell with 3 good beams, as illustrated in Figure 1.
[image: ]
Figure 1: Cells with a different number of good beams. 

There are some situations in which it may be better to select the cell with the best beam, even though only 1 beam is detected – for example a stationary user in a coffee shop, able to connect using one good beam. In other scenarios it may be better to select a cell which has more beams, but not necessarily the best beam overall – for example a pedestrian walking through the city needs to be able to select the cell which is able to provide a more consistent service during mobility. For each of these cases, we need to be able to determine which cell best suits the UE in its current conditions. 
In the scenario shown in Figure 1, the “coffee shop scenario UE” should be served by the cell with a single good beam, since the UE does not move from the footprint of that good beam. The system needs to determine whether it is likely to move out of the footprint of the beam. In order to reduce signalling load, the UE should decide whether to transmit handover related measurements based on some aspect of its mobility: i.e. the UE shouldn’t report a measurement on a single good beam, unless the UE can determine that it is likely to remain in that beam. The UE can use either 3GPP or non-3GPP measurements to determine its mobility. It is easier for the network to control the handover process when the UE uses 3GPP measurements. 
One 3GPP measurement approach is to use the existing RAN2 methods such as time-to-trigger – for example, to report a single good beam using a measurement event with a longer TTT than a measurement event for reporting a cell on which multiple beams are detected. In this case, the cell with the single good beam would only trigger a measurement report provided the measured cell quality has been good for a time longer than the trigger time.
In the coffee shop scenario, the UE only attaches to the cell with the single beam since it can offer better service to the UE (i.e. the SINR is higher and a higher throughput can be provided to that UE). In other cases, it is preferable for the UE to be attached to the multi-beam cell, since that cell is able to offer a more reliable connection (from the perspective of any potential mobility). Hence the measurement reporting decision should also be biased based on the number of beams that the UE can measure: a cell with many good beams should be advantaged relative to a cell with fewer good beams.
The directivity of the swept beam may be different to the directivity of a unicast beam transmitted to the UE. An NR eNodeB may have many antennas. The broadcast information (e.g. system information) needs to be beamformed and swept to allow the system information to be decoded at the cell edge. This broadcast information is likely to be transmitted at a low MCS for robustness. The unicast beam for the UE may be more directive / higher gain, depending on the number of antenna elements at the eNodeB. Hence measurement of the quality of the broadcast beam does not necessarily provide information on the quality of the unicast beam that the UE can expect. An offset can hence be applied to bias the UE towards reporting measurements on cells that are able to send more tightly beamformed unicast beams. The offset may itself be changed based on the number of beams that the UE measures.
There are thus various parameters that measurement reporting should depend on, which leads us to the following proposal:
Proposal 1: The action of reporting an RRM measurement should depend on:
· cell-quality measurement
· number of beams measured
· mobility status of the UE
· eNodeB signalled offset
3. Measurement of beams for cell-mobility
The previous section discussed a scenario where the UE is able prioritise measurement reporting on a cell that is able to give it the best service based on the quality of beams that the eNodeB can provide to the UE. This relies on the UE being able to measure the different beams within a cell. If the UE were unable to measure the different beams from a cell (e.g. the broadcast information were transmitted in an SFN-type mode), the UE wouldn’t be able to bias its handover reporting decisions towards cells with better beams. This might lead to a worse quality of service for the UE and poorer network performance. Beams and cells can be identified from Cell-IDs and beam-IDs [2]. Hence it is proposed that:
Proposal 2: It should be possible for a UE to identify different beams from different cells (e.g. using cell ID and beam ID) and to evaluate the quality of individual beams.
4. Measurement Evaluation 
The previous sections have discussed aspects of cell-mobility measurements that impact RAN1, or are impacted by RAN1. The measurement evaluation itself is more heavily focussed on RAN2 and this aspect is covered in [3]. As an overview of that document, we consider that there are 3 main factors to take into account for measurement evaluation: 
1) How to determine the number of good beams.
· Proposed to be the number of beams which are identified and whose RSRP or RSRQ are above an absolute threshold 
2) How to determine the overall cell quality based on the individual beams
· Proposed to be a weighted sum of the measurements from the N best beams. The weighted sum can be parameterised, as per UMTS. At one extreme this allows the overall quality to be based on a single beam measurement (according to the parameterisation applied)
3) How to compare the cell quality of cells with a different number of good beams.
· Proposed to support a set of LTE measurement events. The number of good beams should be taken into account in the time to trigger and offset for some measurement events.  

5. Conclusion 
This document has considered RRM measurement and reporting criteria and made the following proposals:
Proposal 1: The action of reporting an RRM measurement should depend on:
· cell-quality measurement
· number of beams measured
· mobility status of the UE
· eNodeB signalled offset
Proposal 2: It should be possible for a UE to identify different beams from different cells (e.g. using cell ID and beam ID) and to evaluate the quality of individual beams.
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