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1 Introduction

In RAN2#97bis [1], the following agreements were made on measurement object configuration:

Agreements

1
In NR, a measurement object is corresponding to one carrier frequency. 

2
As part of the Measurement Object it is possible to configure a list of CSI-RS resource specific configurations for RRM measurement. (If this CSI-RS configuration is found to be usable for other purposes then its placement in the measurement object can be reconsidered)

In RAN2#99bis [2], the following agreement was made related to BWP operation: 

Agreements for BWP operation in CONNECTED mode:

1:
BWP impacts on the CONNECTED mode will be progressed by Dec 17.  Impacts to IDLE mode/INACTIVE mode UEs will be discussed with SA after Dec 17.

2a:
RRC signalling supports to configure 1 or more BWPs (both for DL BWP and UL BWP) for a serving cell (PCell, PSCell). 

2b
RRC signalling supports to configure 0, 1 or more BWPs (both for DL BWP and UL BWP) for a serving cell SCell (at least 1 DL BWP) (impact of SUL still to be discussed)

3
For a UE, the PCell, PSCell and each SCell has a single associated SSB in frequency (RAN1 terminology is the is the 'cell defining SSB')

4
Cell defining SS block can be changed by synchronous reconfiguration for PCell/PSCell and SCell release/add for the SCell.

5
Each SS block frequency which needs to be measured by the UE should be configured as individual measurement object (i.e. one measurement object corresponds to a single SS block frequency).

6
The cell defining SS block is considered as the time reference of the serving cell, and for RRM serving cell measurements based on SSB (irrespective of which BWP is activated).

Finally, in RAN1 #89 [3], the following agreements were made:
	Agreements:
· At least the following properties of a CSI-RS for L3 mobility can be signalled to the UE using dedicated signaling:
· NR Cell ID
· timing configuration, including time offset and periodicity
· number of antenna ports
· configurable time/frequency resource to indicate RE mapping
· configurable transmission/measurement bandwidth 
· Note: it relates to wideband operation
· parameters for sequence generation



In this contribution, we discuss in more detail the use of existing measurement events and potential need for new measurement events in the context of BWPs.
2 Measurement Events to Support BWPs
As discussed in our companion contribution [4], RRM measurement configuration (specifically for CSI-RS) does not require a UE to be aware of the BWPs configured for neighbour cells, and the UE will simply perform measurements according to the associated CSI-RS configuration (which may be associated to a specific portion of a neighbour cell’s carrier bandwidth).  Cell quality measurements can then be derived and reported using the existing events (Ax, Bx) or periodic measurements.

When a UE is operating on a serving cell, the perceived cell quality may change from one bandwidth part to another.  This is especially true for large carrier bandwidths and/or UEs with a very small supported BW.  This may require the UE to perform measurements outside of active BWP.  RAN1 has already indicated that measurement gaps are required for SRS transmissions or measurements outside of the active BWP.  Such gaps could therefore be used to perform measurements outside of the active BWP.  In addition, the UE’s cell-defining SSB may also be located outside of the active BWP, and would require gaps in order for the UE to perform serving cell SSB-based measurements.
Observation 1:
A UE may need to perform measurements (CSI-RS or SSB) outside of the active BWP. 

For measurements of other configured BWPs needed for BWP switching, SSB-based measurements may not be appropriate since there may be configured BWPs without an SSB transmitted inside.  Furthermore, SSB-based measurements are made over the bandwidth of the NR-SS, which may be different than the BWP bandwidth.  On the other hand, the NW can configure CSI-RS over any BWP and can define the time-frequency location of the CSI-RS in a more flexible manner. 
Observation 2:
CSI-RS-based measurements are more appropriate for measuring the quality of the configured BWPs in a cell. 

CSI-RS resources used for beam management could be re-used for the UE to perform measurements of the BWPs (other than the active BWP).  While this would provide measurements of BWPs over a shorter time scale to the network, it would also require defining new measurement procedures at L1.
Alternatively, the UE may use existing RRM measurements to provide the quality of configured BWPs outside of the active BWP using RRM-based CSI-RS.  Even though such quality measurements would be defined over a longer time period, we think this is sufficient to define the BWP quality for the purposes of switching BWPs, since the NW will want to avoid frequent BWP switching due to temporary fading or blocking in a subband of the carrier frequency.  As a result, the UE could be configured with a measurement object configuration (based on CSI-RS) associated to BWP(s) outside of the UEs active BWP.  Since the CSI-RS configuration will itself specify the bandwidth for the measurement, there does not need to be any BWP-specific information that is added in the measurement object or measurement configuration. 
Proposal 1 Existing RRM measurement framework is re-used to perform measurements of a UEs configured BWPs (i.e. no BWP-specific information is introduced in the RRM configuration).

Regarding the measurement reports, the network may want to configure some event-based measurement reporting configuration to avoid the UE having to periodically report measurements of the configured BWPs.  However, the current measurement event definitions in LTE do not support this for the following reason:
· Ax/Bx events are modelled based on cell measurements, and not measurements related to a set of RSs in a different part of the carrier of the same cell

· C1/C2 events are triggered based on the quality of a single CSI-RS resource, however, BWP measurements may require measurements and comparison based on multiple CSI-RS resources 
For this reasons, we think a new set of measurement events would be needed to model measurements of the configured BWPs at the UE.  
Proposal 2 New measurement event(s) are introduced in NR to support reporting of quality of configured BWPs.

Such events may be based on the quality of a set of CSI-RS resources.  Since these events are related to CSI-RS quality and not cell quality, they can be modelled as a Cx event.  As discussed in our companion contribution [5], we think the existing C1/C2 events still have value for NR.  In addition, to provide the NW with flexibility, the events can be triggered based on the measurements of a specific configured BWP (compared with a threshold) or based on comparison of a specific configured BWP with the current active BWP.  Although this point is still being discussed by RAN1, if RAN1 decides to configure multiple CSI-RS resources for a BWP, new events are required that deal with a set of CSI-RS resources.
Proposal 3 A new event C3 is defined in NR as: a  set of configured CSI-RS resources become better than a threshold.

Proposal 4 A new event C4 is defined in NR as: a set of configured CSI-RS resources becomes an offset better than a reference set of CSI-RS resources
The quality for the set of CSI-RS resources can be defined based on the average quality of each CSI-RS resource, to derive an indication of the quality for the specific BWP to which the resources are associated. 

Proposal 5 The quality of the set of configured CSI-RS is derived by averaging the quality of each CSI-RS resource.
3 Conclusion
In this contribution the following observations we made related to BWPs:

Observation 1:
A UE may need to perform measurements (CSI-RS or SSB) outside of the active BWP. 

Observation 2:
CSI-RS-based measurements are more appropriate for measuring the quality of the configured BWPs in a cell. 

Based on the above observations, the following conclusions have been made.

Proposal 6 Existing RRM measurement framework is re-used to perform measurements of a UEs configured BWPs (i.e. no BWP-specific information is introduced in the RRM configuration).

Proposal 7 New measurement event(s) are introduced in NR to support reporting of quality of configured BWPs.

Proposal 8 A new event C3 is defined in NR as: a  set of configured CSI-RS resources become better than a threshold.

Proposal 9 A new event C4 is defined in NR as: a set of configured CSI-RS resources becomes an offset better than a reference set of CSI-RS resources

Proposal 10 The quality of the set of configured CSI-RS is derived by averaging the quality of each CSI-RS resource.
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