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1 Introduction
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 explain the basic bandwidth part operation (BWP) and one TP is provided. 
2 Discussion
2.1 Background 
NR will support very wide carrier bandwidths. RAN1 concluded from NR SI that maximum channel bandwidth per NR carrier in Rel-15 is 400 MHz. Following purposes are considered for supporting BWP operation in NR. 
· Enabling reduced UE bandwidth capability within a wideband carrier
· Enabling reduced UE power energy consumption by bandwidth adaptation
· Enabling UE using different numerologies in FDM within a wideband carrier
In LTE, all UEs support the full carrier bandwidth, while in NR, not all UE support the full carrier bandwidth depending on the UE capability. So the first purpose of BWP operation is to serve such UEs. Since UE can only receive part of an overall carrier bandwidth, the network must ensure BWP configuration is not beyond UE receiver bandwidth capability the corresponding DL/UL transmission is confined to the BWP. Just as agreed in RAN1#88 meeting, resource allocation for a UE not capable of supporting the carrier bandwidth can be derived based on a two-step frequency-domain assignment process, i.e. indication of a BWP in 1st step and indication of the PRBs within the BWP in 2nd step.  
The power consumption increase as the RF bandwidth becomes wider. The high RF power consumption is concerned even UE performs low data rate transmission due to the wider band reception at RF. It is desirable for UE power consumption that the operating bandwidth can be adjusted according to UE experienced data rate. For example, UE is configured with smaller BWP at low data rate and wider BWP at high data rate. The BWP configured for those UE may be smaller than the UE receiver bandwidth capability. 
In NR, different numerologies can be supported for a wide carrier in FDM from network aspect. If UE is capable of supporting wide bandwidth, multiple BWPs with different numerologies can be configured and active for this UE. However, it should be noted that it doesn’t imply that it is required for UE to support different numerologies at the same time instance. 
Observation 1: Bandwidth Part (BWP) operation is designed mainly for following purposes:
· Enabling reduced UE bandwidth capability within a wideband carrier
· Enabling reduced UE power energy consumption by bandwidth adaptation
· Enabling UE using different numerologies in FDM within a wideband carrier
2.2 BWP within a Cell
The BWP operation can be considered as a procedure controlled by one gNB, which targets the resource allocation and BW switching for each UE in UE-specific serving cell. In RAN1#90 meeting, it was agreed that, one or more DL BWPs and one or more UL BWPs can be configured by dedicated RRC for a UE for each UE-specific serving cell. The case that a single scheduling DCI can switch the UE’s active BWP from one to another within a given serving cell is supported in NR. 
Just as illustrated in Figure 1, when UE connected with NR-cell 1, BWP switching among the configured BWPs, i.e. BWP1~3 are scheduled by the serving cell. When UE moves from Cell1 to Cell2, HO is performed. Then BWP re-configuration and BWP activation/deactivation will be controlled by the new serving cell, i.e. Cell2. 
Observation 2:  BWP operation is performed for each UE within the serving cell. 



Figure 1 BWP operation within a serving cell
2.3 BWP Operation
Initial active BWP
In NR, UEs with different BW capability within a carrier should be supported. It enables the UEs with reduced BW capability to access the network through part of the spectrum of a wide carrier.  RAN1#90 meeting, it was agreed that there is an initial active DL/UL BWP pair to be valid for a UE until the UE is explicitly (re)configured with BWPs during or after RRC connection is established. The initial active DL/UL BWP pair is the DL BWP where UE camps on the cell and the UL BWP where initiates RA procedure to access the network through the carrier.  
Observation 3: The initial active DL/UL BWP pair is where UE camps on a cell and initiates RA procedure. It keeps valid until the UE is explicitly (re)configured with BWPs during or after RRC connection is established. 
BWP Configuration
In RAN1#88bis meeting, it was agreed as the working assumption for BWP operation that one or multiple BWP configurations for each component carrier can be semi-statically signalled to a UE. BWP operation is for CONNECTED UE. The BW of a BWP equals or is smaller than the UE maximum BW capability, and is at least as large as the SSB BW. In RAN1#90 meeting, separate sets of parameters for BWP configuration for DL & UL are provided per component carrier, including numerology, frequency location and bandwidth. Furthermore, at least one of configured DL BWP includes one CORESET with common search space and each configured DL BWP includes at least one CORESET with UE-specific search space for the case of single active BWP.
Observation 4: BWP operation is for CONNECTED mode UE. One or multiple UE-specific BWPs can be configured for each component carrier per serving cell by RRC. 
Observation 5: DL & UL BWP configuration includes the information of numerology, bandwidth and frequency location and CORESE. 
BWP Activation/Deactivation
In RAN1#89 meeting, it was agreed that UE expects at least one DL BWP and UL BWP being active among the set of configured BWPs. A UE is only assumed to receive/transmit within active DL/UL bandwidth part(s) using the associated numerology. In RAN1#90 meeting, it was agreed that NR supports the case that a single scheduling DCI can switch the UE’s active BWP from one to another within a given serving cell, which means activation/deactivation of DL and UL BWPs can be controlled by explicit indication in scheduling DCI. Furthermore, UE switching from active DL bandwidth part to a default DL bandwidth part can be controlled by a timer for DL BWP activation/deactivation. 
Observation 6: One or multiple BWPs can be activated among a set of configured BWPs by network and UE only performs transmission/reception within the active BWPs.
Observation 7: BWP activation/deactivation can be performed by means of RRC signaling and explicit indication in scheduling DCI. UE switching from active DL bandwidth part to a default DL bandwidth part can be controlled by a timer. 
In RAN1#90 meeting, it was agreed that in Rel-15, for a UE, there is at most one active DL BWP and at most one active UL BWP at a given time for a serving cell. 
Observation 8:  Only single active BWP (one active DL BWP and one UL BWP) is supported in Rel-15.


Figure 2 Example of BWP Operation

Based on above observations, RAN2 should consider the signalings and procedures to support BWP operation, including BWP (re)configuration through RRC configuration and BWP activated/deactivated. One example of the basic BWP operation is illustrated in Figure 2. First, BWP1, 2 and 3 are configured. Different BWP is activated with BWP 1, 2, and 3 by the network. Then BWPs is reconfigured to BWP 1, 4 and 5. BWP activation/deactivation among the configured BWP 1, 4, 5. 
Proposal 1: RAN2 should support BWP operation with BWPs (re)configuration and BWP activation/deactivation. 
4 Conclusion
This contribution explains the basic bandwidth part operation (BWP) and provides one stage-2 TP. 
Based on the observations:
Observation 1: Bandwidth Part (BWP) operation is designed mainly for following purposes:
· Enabling reduced UE bandwidth capability within a wideband carrier
· Enabling reduced UE power energy consumption by bandwidth adaptation
· Enabling UE using different numerologies in FDM within a wideband carrier
Observation 2:  BWP operation is performed for each UE within the serving cell. 
Observation 3: The initial active DL/UL BWP pair is where UE camps on a cell and initiates RA procedure. It keeps valid until the UE is explicitly (re)configured with BWPs during or after RRC connection is established. 
Observation 4: BWP operation is for CONNECTED mode UE. One or multiple UE-specific BWPs can be configured for each component carrier per serving cell by RRC. 
Observation 5: DL & UL BWP configuration includes the information of numerology, bandwidth and frequency location and CORESE. 
Observation 6: One or multiple BWPs can be activated among a set of configured BWPs by network and UE only performs transmission/reception within the active BWPs.
Observation 7: BWP activation/deactivation can be performed by means of RRC signaling and explicit indication in scheduling DCI. UE switching from active DL bandwidth part to a default DL bandwidth part can be controlled by a timer. 
Observation 8:  Only single active BWP (one active DL BWP and one UL BWP) is supported in Rel-15.
We propose: 
Proposal 1: RAN2 should support BWP operation with BWPs (re)configuration and BWP activation/deactivation. 
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