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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

RAN2 Agreements (#100)
Agreements
1	UE determines which MO corresponds to the serving cell frequency from the frequency location of the CD-SSB that is contained within the serving cell configuration.

2	More than one MO with CSI-RS resources for measurement can be associated to the same SSB location in frequency. The SSB is at least used for timing reference.

3	In case that more than one MO with CSI-RS resources for measurement is associated to the same SSB location in frequency the UE is indicated which MO corresponds to the serving carrier.
FFS whether the indication is in MO or serving cell configuration 

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 CSI-RSs associated to a cell in a measurement object are configured in single numerology.

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. Accordingly RAN2 agreed on a RRM measurement BW configuration to be utilized for either BWP-specific or cell common RRM configuration.
Observation 3: NR RRM measurement framework can support RRM measurement BW configuration for CSI-RS in measurement object.
Within configured RRM measurement BW, UE needs 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 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 and RRM measurement BW to confine the set of CSI-RS. 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 is configured in a measurement object since the RRM BW is a frequency part of the carrier which is mapped to the measurement object. The location and bandwidth of RRM BW is configured in PRB unit explicitly in CSI-RS resource configuration in MO.
Observation 4: For CSI-RS measurement, A RRM measurement BW with parameters including measurement BW, and numerology (i.e. subcarrier spacing) is indicated to UE in a measurement object.


Figure 2: Multiple measurement object configuration for single carrier
According to current agreements and ASN.1, single MO contains single SSB association (which may not present) and CSI-RS resource configuration for RRM. If you see the following ASN.1 text, one MO contains at most one RS configuration. And the RS configuration contains SSB configuration (if SSB presents) and a list of CSI-RS configuration.
	[bookmark: _Hlk500774924]ReferenceSignalConfig::=     			 SEQUENCE {

	ssb-MeasurementTimingConfiguration		SSB-MeasurementTimingConfiguration										OPTIONAL,

	ssbPresence								CHOICE {
		present									SEQUENCE {
			frequencyOffset							ENUMERATED {ffsTypeAndValue},
			subcarrierSpacing                     	SubcarrierSpacing
		},
		notPresent								SEQUENCE {
			-- FFS: How to inform the UE where else to find the SSB. FFS whether to indicate here a carrier or a cell ID or multiple cell IDs
		}
	},

	-- CSI-RS resources to be used for for CSI-RS based RRM measurements
	csi-rs-ResourceConfig-Mobility			CSI-RS-ResourceConfig-Mobility	OPTIONAL, -- Need N		

	-- Indicates whether the UE can utilize serving cell timing to derive the index of SS block transmitted by neighbour cell:
	useServingCellTimingForSync				BOOLEAN
}


Within the list of CSI-RS configuration, there is one measurement BW what we discussed so far, SCS and so on. The measurement BW consists of some BW related parameters and associated SSB. The purpose of the associated SSB is to provide timing reference of CSI-RS resources within the measurement BW, as well as QCLed (Quasi-collocated) information about which SSB is spatially QCLed with the CSI-RS resources within the measurement BW. We guess that the associated SSB indicates the SSB in the RS configuration. Question is what is the associated SSB in case of a SSB in the RS configuration is not present.
	CSI-RS-ResourceConfig-Mobility ::= 		SEQUENCE {
	-- MO specific values
	csi-rs-MeasurementBW					SEQUENCE {
		-- Size of the measurement BW in PRBs
		-- Corresponds to L1 parameter 'CSI-RS-measurementBW-size' (see FFS_Spec, section FFS_Section)
		nrofPRBs			ENUMERATED { size24, size48, size96, size192, size268},
		-- Starting PRB index of the measurement bandwidth
		-- Corresponds to L1 parameter 'CSI-RS-measurement-BW-start' (see FFS_Spec, section FFS_Section)
		-- FFS_Value: Upper edge of value range unclear in RAN1
		startPRB			INTEGER(0..251),
		-- Each CSI-RS resource may be associated with one SSB. If such SSB is indicated, the NW also indicates whether the UE may assume 
		-- quasi-colocation of this SSB with this CSI-RS reosurce. 
		-- Corresponds to L1 parameter 'Associated-SSB' (see FFS_Spec, section FFS_Section)
		-- FFS: What does the UE do if it there is no such SSB-Index?
		associatedSSB							SEQUENCE {
			-- FFS_Value: Check the value range
			ssb-Index								SSB-Index	OPTIONAL,
			-- The CSI-RS resource is either QCL’ed not QCL’ed with the associated SSB in spatial parameters
			-- Corresponds to L1 parameter 'QCLed-SSB' (see FFS_Spec, section FFS_Section)
			isQuasiColocated						BOOLEAN
		},
		isServingCellMO						BOOLEAN
	},
	-- subcarrier spacing of CSI-RS. It can take the same values available also for the data channels and for SSB
[bookmark: _Hlk500775173]	subcarrierSpacing						SubcarrierSpacing,
	-- FFS_Description. 
	-- FFS_CHECK: Should this be in the resource-config (here) or in the resource (below)?
	-- Corresponds to L1 parameter 'Common-PRB-Grid-offset' (see FFS_Spec, section FFS_Section)
[bookmark: _Hlk501358071]	prb-GridOffset							INTEGER (maxNrofPhysicalResourceBlocksTimes4)										OPTIONAL,

    -- List of resources
	csi-rs-ResourceList-Mobility 	SEQUENCE (SIZE (1..maxNrofCSI-RS-ResourcesRRM))	OF CSI-RS-Resource-Mobility
}



Observation 5: If a SSB configuration including frequency offset is present, the associated SSB indicates the SSB in the RS configuration of MO.
Proposal 1: Regarding a SSB configuration consisting of frequency offset and numerology, RAN2 decides one of the following options:
· Option1: if the SSB configuration is ‘not’ present, the associated SSB within measurement BW indicates the cell-defining SSB. 
· Option2: if the SSB configuration is ‘not’ present, leave finding associated SSB to UE implementation.
· Option3: the SSB configuration is always present.
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 configurations, UE can measure different RRM BW of each MO even in the same ccarrier. ‘isServingCellMO’ field may indicate whether this MO is associated to the same serving carrier. However, according to current agreements, it is only limited to the case that more than one MO with CSI-RS resources for measurement is associated to “the same” SSB location in frequency. This may restrict the freedom of network decision, e.g. different beam sweeping pattern between different SSBs in the carrier.
Observation 6: To support intra-cell RRM measurement, multiple MOs with different RRM BW can be configured to the same cell/carrier.
Proposal 2: ‘isServingCellMO’ field indicates whether the MO is in the serving 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 7: Narrow bandwidth for inter-cell RRM measurement is essential for UE power saving.
Proposal 3: Among multiple MOs within the serving carrier, UE is configured to monitor at most one MO including one measurement BW.

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: NR RRM measurement framework can support RRM measurement BW configuration for CSI-RS in measurement object.
Observation 4: For CSI-RS measurement, A RRM measurement BW with parameters including measurement BW, and numerology (i.e. subcarrier spacing) is indicated to UE in a measurement object.
Observation 5: If a SSB configuration including frequency offset is present, the associated SSB indicates the SSB in the RS configuration of MO.
Observation 6: To support intra-cell RRM measurement, multiple MOs with different RRM BW can be configured to the same cell/carrier.
Observation 7: Narrow bandwidth for inter-cell RRM measurement is essential for UE power saving.

Proposal 1: Regarding a SSB configuration consisting of frequency offset and numerology, RAN2 decides one of the following options:
· Option1: if the SSB configuration is ‘not’ present, the associated SSB within measurement BW indicates the cell-defining SSB. 
· Option2: if the SSB configuration is ‘not’ present, leave finding associated SSB to UE implementation.
· Option3: the SSB configuration is always present.
Proposal 2: ‘isServingCellMO’ field indicates whether the MO is in the serving carrier. 
Proposal 3: Among multiple MOs within the serving carrier, UE is configured to monitor at most one MO including one measurement BW.
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