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1	Introduction
There were multiple reasons for introducing the concept of bandwidth parts and the main ones include:
1. To be able to support wideband carrier (e.g. 400 MHz) from the network side while still being able to accommodate UE’s not capable of receiving such wide bandwidth and which may be configured with BWPs, which are e.g. 100MHz wide. 
2. UE’s power consumption reduction, which can be achieved by configuring a default BWP, narrower than the one used for UEs data transmissions and which is activated once UE experiences a period of transmission inactivity. 
3. To be able to support services requiring different SCS(s) within a single cell (e.g. URLLC and eMBB).
BWPs can be switched by the network using L1 signalling and in consequence RRC configuration for all purposes needs to consider that UE may operate in different BWPs at different times as this is very undesirable to reconfigure the UE upon each BWP switch. L3 mobility measurements is one area where it needs to be considered that UE may operate in different BWPs at various points in time. Although the measurement framework is designed to be independent from BWP configuration, the relation between both features is clear as what can be deemed as intra-frequency or inter-frequency measurement depends on the UE’s currently active BWP and on the reference signals it is configured to measure for L3 mobility measurements. In particular, in the scenario where UE is configured with BWP(s) not containing Cell Defining SSB (CD-SSB), intra-wideband carrier measurements, including serving cell measurements, may require UE to utilize measurement gaps, which limits the times where UE can be scheduled to receive data by the network. This contribution discusses this topic together with some related aspects of mobility measurement configuration.
2	CSI-RS and SSB based L3 mobility
The following agreements made during RAN2#100 meeting will be of relevance for further discussion:
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 

The first agreement above means that in case UE is configured with SSB based L3 measurements, it always treats the frequency of its CD-SSB (i.e. the one provided in initial BWP) as serving cell frequency, even in case UE operates in another BWP, not containing CD-SSB. That means it needs to utilize measurement gaps even for serving cell measurements. 
Observation 1: In case UE’s active BWP does not contain CD-SSB, UE needs to utilize measurement gaps for serving cell and serving frequency measurements.
This currently holds even in case an SSB is provided in UE’s active BWP, which is already a possibility, which was agreed by RAN1. One of the purposes of introducing such option is to be able to provide synchronization reference in the UE’s active BWP so that UE does not have to constantly retune to CD-SSB’s frequency. The benefit of this is wasted if UE needs to retune for serving cell measurements anyway. Thus, it would be beneficial if UE could perform its serving cell/frequency measurements on the RS(s) contained in its active BWP only, if that can provide enough information for the network to make the HO decision. It should be noted that in most of the cases such information will be actually more relevant for the network. For example, in case a BWP utilizes SCS different than the one of initial BWP, what is really interesting for the network is UE’s measurements gathered in that particular BWP only. Even though it is possible to configure additional MOs containing other SSB frequencies, these will always be treated by the UE as inter-frequency measurements, even when contained within UE’s serving cell’s bandwidth, and will require measurement gaps.
Observation 2: All measurements on SSBs other than CD-SSB are inter-frequency measurements, even the ones on SSB contained within serving cell’s bandwidth.
Situation is more complicated in case UE is configured with L3 based measurements based on CSI-RS, although the end result is very similar. MO with CSI-RS resources configuration may contain associatedSSB field which, together with ssbFrequency field configured in the MO, indicates the SSB used for synchronization reference. The field description is following:
	associatedSSB
If this field is present, the UE may base the timing of the CSI-RS resource indicated in CSI-RS-Resource-Mobility on the timing of the cell indicated by the cellId in the CSI-RS-CellMobility. In this case, the UE is not required to monitor that CSI-RS resource if the UE can’t detect the SS/PBCH block indicated by this associatedSSB and cellId. If this field is absent, the UE shall base the timing of the CSI-RS resource indicated in CSI-RS-Resource-Mobility on the timing of the serving cell. In this case, the UE is required to measure the CSI-RS resource even if SS/PBCH block(s) with cellId in the CSI-RS-CellMobility are not detected.



This SSB’s frequency may be configured to fall within the bandwidth of the configured CSI-RS resources or may fall out of it. In any case, if the associated SSB is configured, UE needs to measure the CSI-RS resource only in case it can detect this SSB, which can be realized in two ways:
· The SSB falls within the UE’s active BWP
· The SSB is outside UE’s active BWP, but measurements gaps are configured, allowing the UE to detect it
If associated SSB is not configured, UE needs to always measure the configured CSI-RS resource and bases the timing on the serving cell. If SSB frequency falls out of UE’s active BWP and measurement gaps are not configured, UE is not required to monitor the concerned CSI-RS resource. Based on that, configuring measurement gaps can be avoided by configuring an associated SSB, which can be detected by the UE whenever the concerned CSI-RS resources are to be measured, i.e. which falls within the active BWP of the UE. By exploiting that dependency, network may configure the UE in such a way that CSI-RS based measurements are only performed by the UE within its active BWP.
Observation 3: Network may restrict L3 mobility measurements based on CSI-RS to be performed only in UE’s active BWP by configuring associated SSB, which falls within UE’s active BWP.
However, this requires that SSB is configured in each BWP of the UE, which brings unnecessary overhead in case that would be the only reason to provide that SSB. Alternatively, UE can either rely on TRS, if that is provided by the network, or on CD-SSB. However, relying on CD-SSB in the scenario analysed here would require measurement gaps to be configured in the UE and additionally would mean that the related CSI-RS resources are always measured by the UE (since gaps are available and CD-SSB can be always found) while the intention from the network might be for the UE to measure those CSI-RS(s) only in case they fall within UE’s active BWP.
Observation 4: In case SSB is not provided within UE’s active BWP and measurement gaps are configured in the UE for CD-SSB reading, all CSI-RS based measurements need to be always performed by the UE unless another associated SSB is provided.
Although SSB based and CSI-RS based mobility scenarios described above are quite different, in both of these cases, it is not possible for the network to efficiently restrict UE’s measurements to be performed only in UE’s active BWP. On the other hand, as mentioned above, L3 mobility measurements basing on UE’s active BWP is what will usually be of importance for the network. Furthermore, it would allow limiting the times UE applies measurement gaps, which introduce system inefficiencies and limit scheduling flexibility. It has to be also noted that RLM, beam failure detection and CSI measurements are always performed by the UE only on the RS(s) included in its active BWP.
Observation 5: RLM, beam failure detection and CSI measurements are always performed by the UE only on the RS(s) included in its active BWP.
With RRM measurements, similar behaviour should be applied in most of the cases, whenever possible by configuring proper RS(s) for RRM measurements in the UE’s active BWP. This would allow to avoid the need for measurement gaps in many cases and would alleviate UE with measurements effort. Based on that and other considerations presented in the paper, it is proposed that:
Proposal 1: Network should be able to configure for each MO whether it needs to be measured if not contained within UE’s active BWP. 
3	Summary
Observation 1: In case UE’s active BWP does not contain CD-SSB, UE needs to utilize measurement gaps for serving cell and serving frequency measurements.
Observation 2: All measurements on SSBs other than CD-SSB are inter-frequency measurements, even the ones on SSB contained within serving cell’s bandwidth.
Observation 3: Network may restrict L3 mobility measurements based on CSI-RS to be performed only in UE’s active BWP by configuring associated SSB, which falls within UE’s active BWP.
Observation 4: In case SSB is not provided within UE’s active BWP and measurement gaps are configured in the UE for CD-SSB reading, all CSI-RS based measurements need to be always performed by the UE unless another associated SSB is provided.
Observation 5: RLM, beam failure detection and CSI measurements are always performed by the UE only on the RS(s) included in its active BWP.
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