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1. Introduction
RAN#75 in March approved a 5G WID [1] on New Radio access technology, which targets a unified framework for traffic with diverse QoS requirements e.g. enhanced mobile broadband (eMBB), massive machine-type-communications (mMTC), ultra-reliable and low latency communications (URLLC).
During NR SI/WI phases for Rel-15, the following agreements were achieved regarding bandwidth part (BWP) for NR

RAN1 Agreements (AH#1)
•       Following CSI-RS properties for RRM measurement for L3 mobility are supported in NR
–      Configurable periodicity (as already agreed)
•       {5, 10, 20, 40, [80, 160]} ms are supported
•       This does not mean periodicity will be configured per CSI-RS resource
–      Configurable transmission bandwidth (as already agreed)
•       FFS candidate values
–      Configurable measurement bandwidth (as already agreed) and frequency location
•       At least minimum carrier bandwidth for each frequency band/range and at least one additional wider bandwidth for each SCS (e.g., maximum UE bandwidth) are supported
–      FFS other candidate values for wider bandwidth for each SCS
•       Measurement of CSI-RS in subband/bandwidth part which may or may not contain SS Blocks is supported
–      Configurable parameters for sequence generation 
–      Configurable numerology
•       For each frequency range, subcarrier spacing values applicable to data, CSI-RS for beam management and SS block in the frequency range are supported
–      Association between CSI-RS for RRM measurement and SS block
•       It is assumed that property of spatial QCL between SS block and CSI-RS for beam management will be reused
–      Configurable CSI-RS time/frequency resource (as already agreed)
•       CSI-RS design including RE mapping and density for beam management is assumed as baseline
–      Note that above properties are relevant for RAN4 RRM measurement evaluations and not intended to be an exhaustive list of properties

RAN1 Agreements (#89)
· Confirm the WA of RAN1#88bis.
· Each bandwidth part is associated with a specific numerology (sub-carrier spacing, CP type)
· FFS: slot duration indication if RAN1 decides to not to downselect between 7 symbol and 14 symbols for NR slot duration
· UE expects at least one DL bandwidth part and one UL bandwidth part being active among the set of configured bandwidth parts for a given time instant.
· A UE is only assumed to receive/transmit within active DL/UL bandwidth part(s) using the associated numerology
· At least PDSCH and/or PDCCH for DL and PUCCH and/or PUSCH for UL
· FFS: down selection of combinations
· FFS if multiple bandwidth parts with same or different numerologies can be active for a UE simultaneously 
· It does not imply that it is required for UE to support different numerologies at the same instance.
· FFS: TB to bandwidth part mapping

This contribution investigates design considerations and framework to support wider BW in NR; especially about flexible BW support based on bandwidth part.
2. 	RRM Measurement for Bandwidth Part
2.1 General understanding about bandwidth part 
RAN1 agreed on BWP which can be configured to a UE semi-statically for RRC connected mode UE. The motivation of BWP configuration is to support wider BW compared to maximum BW capability of UE. The configured BWP is regarded as the operating BW of the UE at the instance. Network can configure multiple different BWPs to RRC connected UEs to utilize wider BW efficiently. From UE side, at least one BWP should be configured and multiple BWPs can be configured by network decision based on UE BW capability, and measurement result. Multiple BWPs configuration may be useful for BW adaptation to save UE power consumption or for flexible scheduling mechanism in single CC. The parameters to construct a BWP are numerology (i.e. subcarrier spacing, CP), location of BWP, BW of BWP. CORESET (Control Resource Set) configuration may have an association to one or more DL BWP.


Figure 1: The concept of bandwidth part
Observation 1: A BWP configuration is per UE and contains BW information (location, bandwidth) as well as numerology.
Even though different numerology can be configured per BWP, we will assume that UE monitors cell-specific RSs configured in a MO with only single numerology. It is beneficial to avoid diverge discussions to consider complicated problem due to numerology mismatch between network and UE. Since CSI-RS resource is cell-specific, we cannot say that BW of BWP and BW of CSI-RS are always aligned. However it is beneficial to configure UE by the similar attributes (i.e. numerology, BW information) of BWP, to measure CSI-RS resources.
Observation 2: For UE not supporting mixed numerology, we can assume that all RRM RSs associated to a cell in a measurement object are configured in single numerology.
Observation 3: Bandwidth of BWP and Bandwidth of CSI-RS may be not aligned. However, attributes (numerology, BW) of BWP are also needed to configure CSI-RS RRM measurement.

2.2 Intra-cell RRM measurement for BWP (re-)configuration
It may be better to think about use-cases of BWP (re-)configuration before discussing about intra-cell RRM measurement. From RAN1 agreement on DCI for BWP activation/deactivation, we assume that BWP reconfiguration will occur in longer time scale than that of BWP activation/deactivation. BWP activation/deactivation is more close to scheduling operation. By the way, there has been a debate on whether L1-based channel measurement/feedback is sufficient for BWP reconfiguration. From the RAN2 perspective, depending only instant L1 feedback is vulnerable to dynamic channel fluctuation and may incur additional implementation complexity at network side. In addition, L1-based measurement configuration may need two different types i.e. BWP-specific and cell common. BWP-specific configuration means that CSI-RS configuration is associated to the configured BWPs. However BWP-specific configuration is not possible to frequency part where BWP is not yet configured. So cell common CSI-RS configuration is also needed to indicate measurement to UE outside of configured BWPs. It is good to have a common measurement framework for both cases of within and out of configured BWPs. Therefore we prefer to have a RRM BW configuration to be utilized for either BWP-specific or cell common RRM configuration.
Proposal 1: NR RRM measurement framework supports RRM BW configuration in measurement object.
[bookmark: _GoBack]To support BWP-level RRM measurement for BWP (re-)configuration, UE needs to be configured to monitor RRM RS in a frequency part of the serving carrier. RRM RS may be either NR-SS or CSI-RS which locates in another side from the current monitoring part of UE. During Connected state, the monitoring part of UE depends on current active BWP of the UE. Note that UE does not need to monitor any DL signal outside of active BWP, according to RAN1 agreement. And, exceptionally, UE can monitor DL signal outside of active BWP through measurement gap.
By the way, the type of RRM RS – NR-SS or CSI-RS may affect to the way of measurement configuration. If only NR-SS needs to be configured for a UE as RRM RS, UE can be configured with measurement object including an indication of the NR-SS with ARFCN and frequency offset, which RAN2 already agreed on. If only CSI-RS needs to be configured for a UE as RRM RS, UE may be configured with measurement object including an indication of a set of CSI-RS or RRM BW to confine the set of CSI-RS, which RAN2 did not agree on yet. At least a RRM BW is useful when UE decides monitoring BW and numerology. Parameters (i.e. subcarrier spacing, CP, BW) to define a RRM BW could be configured in a measurement object since the RRM BW is a frequency part of the carrier which is mapped to the measurement object. Since relating RAN1 discussion has not concluded, we can say that location of RRM BW is configured explicitly in CSI-RS resource configuration in MO or implicitly based on current active BWP.


Figure 2: Multiple measurement object configuration for single carrier
Proposal 2: At least for CSI-RS measurement, one or more RRM BWs within a serving carrier can be configured to UE. 
Proposal 3: A RRM BW with parameters including measurement BW, and numerology (i.e. subcarrier spacing, and CP) is indicated to UE in a measurement object.
Proposal 4: Frequency location may be configured explicitly in a measurement object or implicitly based on location/BW of current active BWP. RAN2 requests to RAN1 clarifications on fields of RRM measurement BW.
When a measurement object contains information of just a RRM BW, triggering events based on absolute threshold such as A1 event can be supported. In addition, another triggering events based on comparison can be also supported. If network intends that UE measures different frequency parts of the same carrier/cell, it can configure multiple MOs associated to the carrier/cell with different parameters per MO. By multiple MO configuration, UE can measure different RRM BW of each MO even in the same cell/carrier.
Proposal 5: To support intra-cell RRM measurement, multiple MOs with different RRM BW can be configured to the same cell/carrier.
2.3 Inter-cell/frequency RRM measurement considering BWP
To achieve optimal performance for handover, monitoring full bandwidth at UE is beneficial to compensate the radio aspects of frequency selectivity or shadowing. However monitoring full bandwidth is critical for UE’s battery lifetime. Even though UE monitors in a narrow scheduling BW in serving cell, whole power consumption may be high due to monitoring full bandwidth and higher power drain for RRM measurement. Therefore it will be beneficial for UE to monitor only a RRM BW which is narrower than full bandwidth of the neighbor cell. If NR-SS is used for measurement, RRM BW is not needed explicitly. Otherwise, if CSI-RS is used, UE may need RRM BW information in the measurement object.
Observation 4: Narrow bandwidth for inter-cell RRM measurement is essential for UE power saving.
Proposal 6: For neighbor cell measurement, UE is configured to monitor at most one NR-SS or at most one cell-specific RRM BW per cell or per carrier.

3. Summary
Based on the discussion and identified observations in this contribution, we propose followings:

Observation 1: A BWP configuration is per UE and contains BW information (location, bandwidth) as well as numerology.
Observation 2: For UE not supporting mixed numerology, we can assume that all RRM RSs associated to a cell in a measurement object are configured in single numerology.
Observation 3: Bandwidth of BWP and Bandwidth of CSI-RS may be not aligned. However, attributes (numerology, BW) of BWP are also needed to configure CSI-RS RRM measurement.
Observation 4: Narrow bandwidth for inter-cell RRM measurement is essential for UE power saving.

Proposal 1: NR RRM measurement framework supports RRM BW configuration in measurement object.
Proposal 2: At least for CSI-RS measurement, one or more RRM BWs within a serving carrier can be configured to UE. 
Proposal 3: A RRM BW with parameters including measurement BW, and numerology (i.e. subcarrier spacing, and CP) is indicated to UE in a measurement object.
Proposal 4: Frequency location may be configured explicitly in a measurement object or implicitly based on location/BW of current active BWP. RAN2 requests to RAN1 clarifications on fields of RRM measurement BW.
Proposal 5: To support intra-cell RRM measurement, multiple MOs with different RRM BW can be configured to the same cell/carrier.
Proposal 6: For neighbor cell measurement, UE is configured to monitor at most one NR-SS or at most one cell-specific RRM BW per cell or per carrier.
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