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1 Introduction
[bookmark: _GoBack]The concept of bandwidth part (BWP) was introduced in RAN1#88bis meeting. After several RAN1 meetings one LS from RAN1 [1] was sent to RAN2 with a series of agreements. The focus of this contribution is to identify and discuss issues related to RRM measurement that need to be addressed by RAN2 because of the new aspects introduced by BWP operation.
2 Discussion
2.1 Multiple SSBs in a Wideband Carrier
NR will support very wide carrier bandwidths, and the maximum channel bandwidth per NR carrier in Rel-15 is 400 MHz. Furthermore UEs with different BW capability should be supported. In order to utilize the wide carrier, either carrier aggregation or BWP can be configured just illustrated in Figure 1.  However, BWP is more flexible and power efficient compared to carrier aggregation to support wideband carrier. 
The background and basic BWP operation are discussed in our companion paper [2]. BWP (re)configuration and BWP activation/deactivation should be supported. Each BWP is characterised by numerology, frequency location, and bandwidth, the parameters of which should be provided in BWP configuration.


Figure 1 BWP Operation in a Wideband Carrier
Multiple SSBs can be transmitted in the frequency domain within a wideband carrier. Two alternatives are discussed in RAN1 [3], i.e. same PCI in all SSBs and different PCIs in different SSBs. In RAN1 AH#3 meeting, RAN1 agreed that a cell is associated with a single SS block from UE perspective and the cell defining SS block has an associated RMSI. Multiple SS blocks can be transmitted within the bandwidth of a wideband carrier. 
If BWP is configured to utilize the wideband carrier, it can be considered as a procedure performed for each UE within UE-specific serving cell. From UE aspect, the configured BWPs are associated to the serving cells, no matter whether same or different PCIs are carried in the SSBs of multiple BWPs. UE switching between BWPs are performed through BWP activation/deactivation without HO. From RAN2 aspect, both same and different PCIs in multiple SSBs of a wideband carrier can be supported.
Proposal 1: Multiple SS blocks in the frequency domain are corresponding to the serving cell if BWP is configured for a single wideband carrier. 
2.2 Inter-cell Mobility
If BWP is configured for a wideband carrier, HO can be performed based on the RRM measurement of a single BWP. It is FFS whether the particular BWP is explicit configured or a default BWP is used. Just as illustrated in Figure 2, BWP1 is used for inter-cell mobility. After HO, other BWPs of the target cell can be configured then. HO together with BWPs addition in the target cell can be considered as a further optimization in later release. For the same carrier frequency, it’s desirable that the same BWP is used for both serving cell and neighbouring cell without MG and RF retuning at UE side. If single SSB is transmitted in the BWP, inter-cell mobility is performed based on the RRM measurement on the SSB. If multiple SSBs are transmitted in the BWP, whether to support multiple-SSB RRM measurement is still under discussion in RAN1. 


Figure 2 BWP operation within a serving cell
Proposal 2: RRM measurement on the single SSB is considered as the baseline for inter-cell mobility.
According to RAN4 agreement [4], if multiple SSBs are transmitted in frequency domain in the serving cell of the UE, the UE should be indicated with one specific SSB in the UE’s serving cell which is used for measurement for mobility to make the UE measurement behaviour clear. One straightway is that only one SSB configuration is included in the MO configuration, which is considered as the specific SSB for inter-cell mobility. 
Proposal 3: The MO configuration has only one SSB configuration for the carriers where SSB is present. 
2.3 RRM measurement for BWP Management
In BWP operation, each carrier frequency is partitioned into different BWPs, which may or may not overlap with each other. In order to support BWP reconfiguration and BWP activation/deactivation, either CSI or RRM measurement can be used to help network to decide how to manage different BWPs. Considering BWP operation is performed in the time scale of hundreds of ms, and the main purpose of BWP from UE side is to reduce UE power consumption, BWP-specific RRM measurement is preferred. UE performs RRM measurement on each BWP based on the measurement configuration. 
Proposal 4: BWP-specific RRM measurement is supported for BWP reconfiguration and BWP activation/deactivation. 
Based on current RRM measurement framework, one measurement object is per carrier frequency. For BWP operation, if RRM measurement is performed on different BWPs of a carrier frequency, how to provide the measurement configuration need to be considered.
Two options can be considered:
· Option 1: Different BWPs are considered as different parts of a measurement object.  
· Option 2: Different BWPs are considered as different measurement objects.

[image: ]Figure 3 MO Configuration considering BWP
In option 1, different BWPs are considered as different parts of a measurement object.  Furthermore, each BWP is identified by a logical ID.  The association between parts of the MO, i.e. a BWP to a report configuration can be linked by different measurement ID. How to configure the linkage for each measurement ID can be discussed further. 
In option 2 each BWP is configured as one MO. So the association between each BWP and the measurement report configuration is very straightforward by the linkage of one measurement ID. However, the problem is that large number of measurement object is expected.

From RAN2 aspect, both of the configuration options can be supported. However, there is big difference on the transition time for BWP adaptation in intra-band and inter-band cases [5]. For intra-band operation, at least for sub6, the transition time is 50~200 µs if the center frequency is different before and after the bandwidth adaptation; for inter-band operation, at least for sub6, the transition time can be up to 900 µs.  UE should know whether the center frequencies for different BWPs are inter- or intra-band. Option 1 is straightforward and UE knows the BWPs in the same MO are intra-band BWPs. 
Proposal 5: Different BWPs are considered as different parts of a measurement object is preferred. 
Proposal 6: BWP-specific measurement result is provided in the measurement report. 

Furthermore, measurement report triggering events are required to trigger BWP-specific measurement report. Current cell-based measurement report triggering events A1~A5 can be used and generalized for BWP-specific measurement report. In order to support BWP addition, A4 event (Neighbour becomes better than threshold) can be used to add BWPs based on absolute quality of the BWP, A3 event can also be used to add BWPs which have a quantity comparable to the serving BWP. For BWP removal, A2 event (Serving becomes worse than threshold) can be used to remove BWPs based on absolute quality of the BWP, e.g. exclude all BWPs without a sufficient quantity. A3 event (Neighbour becomes offset better than serving can be used to replace a BWP with another when a non-serving BWP is better than the serving BWP.
Proposal 7: A1~A5 are generalized to trigger BWP-specific measurement report.
3 Conclusions
In this contribution, we discuss the impact of same/different PCIs of a wideband carrier and RRM measurement for BWP.  
We propose:
Proposal 1: Multiple SS blocks in the frequency domain are corresponding to the serving cell if BWP is configured for a single wideband carrier. 
Proposal 2: RRM measurement on the single SSB is considered as the baseline for inter-cell mobility.
Proposal 3: The MO configuration has only one SSB configuration for the carriers where SSB is present. 
Proposal 4: BWP-specific RRM measurement is supported for BWP reconfiguration and BWP activation/deactivation. 
Proposal 5: Different BWPs are considered as different parts of a measurement object is preferred. 
Proposal 6: BWP-specific measurement result is provided in the measurement report. 

Proposal 7: A1~A5 are generalized to trigger BWP-specific measurement report.
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