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1. Introduction
The following agreements were made on BWP at the RAN1 90bis meeting [1]:
· For paired spectrum, DL and UL BWPs are configured separately and independently in Rel-15 for each UE-specific serving cell for a UE
· For active BWP switching using at least scheduling DCI, DCI for DL is used for DL active BWP switching and DCI for UL is used for UL active BWP switching
· FFS whether or not to support a single DCI switching DL and UL BWP jointly
· For unpaired spectrum, a DL BWP and an UL BWP are jointly configured as a pair, with the restriction that the DL and UL BWPs of such a DL/UL BWP pair share the same centre frequency but may be of different bandwidths in Rel-15 for each UE-specific serving cell for a UE
· For active BWP switching using at least scheduling DCI, DCI for either DL or UL can be used for active BWP switching from one DL/UL BWP pair to another pair
· Note: there is no additional restriction on DL BWP and UL BWP pairing
· Note: this applies to at least the case where both DL & UL are activated to a UE in the corresponding unpaired spectrum
· For a UE, a configured DL (or UL) BWP may overlap in frequency domain with another configured DL (or UL) BWP in a serving cell
· For each serving cell, the maximal number of DL/UL BWP configurations is
· For paired spectrum: 4 DL BWPs and 4 UL BWPs
· For unpaired spectrum: 4 DL/UL BWP pairs
· For SUL: 4 UL BWPs
· For paired spectrum, support a dedicated timer for timer-based active DL BWP switching to the default DL BWP
· A UE starts the timer when it switches its active DL BWP to a DL BWP other than the default DL BWP
· A UE restarts the timer to the initial value when it successfully decodes a DCI to schedule PDSCH(s) in its active DL BWP
· FFS other cases
· A UE switches its active DL BWP to the default DL BWP when the timer expires
· FFS other conditions (e.g. interaction with DRX timer)
· For unpaired spectrum, support a dedicated timer for timer-based active DL/UL BWP pair switching to the default DL/UL BWP pair
· A UE starts the timer when it switches its active DL/UL BWP pair to a DL/UL BWP pair other than the default DL/UL BWP pair
· A UE restarts the timer to the initial value when it successfully decodes a DCI to schedule PDSCH(s) in its active DL/UL BWP pair
· FFS other cases
· A UE switches its active DL/UL BWP pair to the default DL/UL BWP pair when the timer expires
· FFS other conditions (e.g. interaction with DRX timer)
· FFS the range and granularity of the timer
· For an Scell, RRC signaling for Scell configuration/reconfiguration indicates the first active DL BWP and/or the first active UL BWP when the Scell is activated
· NR supports Scell activation signaling that doesn’t contain any information related to the first active DL/UL BWP
· For an Scell, active DL BWP and/or UL BWP are deactivated when the Scell is deactivated
· Note: it’s RAN1 ‘s understanding that Scell can be deactivated by an Scell timer
· For an Scell, a UE can be configured with the following:
· a timer for timer-based active DL BWP (or DL/UL BWP pair) switching, along with a default DL BWP (or the default DL/UL BWP pair) which is used when the timer is expired
· The default DL BWP can be different from the first active DL BWP
· For Pcell, the default DL BWP (or DL/UL BWP pair) can be configured/reconfigured to a UE
· If no default DL BWP is configured, the default DL BWP is the initial active DL BWP
· FFS whether or not there are any additional UE behavior that needs to be specified
· In a serving cell, for a UE, common search space for group-common PDCCH (e.g. SFI, pre-emption indication, etc.) can be configured in each BWP
· A DL (or UL) BWP is configured to a UE by resource allocation Type 1 with granularity as follows
· Granularity of starting frequency location: 1 PRB
· Granularity of bandwidth size: 1 PRB
· Note: The above granularity doesn’t imply that a UE shall adapt its RF channel bandwidth accordingly
· For a UE, DCI format size itself is not part of RRC configuration irrespective of BWP activation & deacviation in a serving cell
· Note: DCI format size may still depend on different operations and/or configurations (if any) of different information fields in the DCI

Based on these agreements, we discuss design considerations for BWP in NR. 

2. Discussion
In the following sections, we further discuss BWP design considerations in different operation scenarios.
2.1 BWP Inactivity Timer  
It has been agreed that a BWP inactivity timer may be set or started when a UE successfully decodes a scheduling DCI and that the UE may move back to its default BWP when the BWP inactivity timer expires. As shown in Figure 1, if the BWP inactivity timer is set such a way that it expires before the UE successfully decodes the retransmission DCI or before the retransmission timer expires, it may cause false switching back to the default BWP. 
Observation 1: BWP inactivity timer may expire before the retransmission timer. 
Proposal 1:  Retransmission needs to be considered when BWP inactivity timer’s values are defined.  


[bookmark: _Ref494707373]Figure 1 BWP inactivity timer and retransmission timer

A UE may support different numerologies on different BWPs, therefore the value of a BWP inactivity timer may be dependent on configured BWP’s numerology. For example, RRC signalling may configure the BWP inactivity timer for each configured BWP.  
Observation 2: Different BWPs may have different inactivity timer values due to the numerology.
Proposal 2:  The BWPs’ inactivity timers should be independently configured for each configured BWP via RRC. 
Proposal 3:  The BWP inactivity timer values may be specified in terms of time unit, such as ms or number of slots as an example, so that it can be adapted to different numerologies or bandwidth.


2.2 BWP switching
A UE may switch from an activated or a default BWP to another activated BWP, or from an activated BWP to its default BWP. Different BWP switching may impact the reservation of the BWP transition time which may depend on the slot structure, e.g. FDD, TDD, or self-contained dynamic TDD. It has been agreed at RAN 1 #90b that for paired-spectrum (FDD), the DL and UL BWP inactivity timers can be separately operated, while for unpaired-spectrum (TDD or self-contained), it supports a joint BWP inactivity timer for both DL-UL. Therefore, the reservation of the transition time for BWP switching should be further studied for paired and unpaired-spectrum cases with BWP switching types. For example, if a periodical SRS or CSI measurement is configured for transmission while BWP switching from an activated BWP to a default BWP, then the SRS transmission or CSI measurement may be dropped in this case. Figure 3 (a) shows an example of BWP switching from an activated BWP to a default BWP with scheduled UL SRS within current BWP. In Figure 3 (b), a UE’s activation DCI together with schedule DCI single a switching from current BWP to another activated BWP (target BWP) with larger bandwidth. In this case, a switching time may be reserved for the UE to switch.         
Observation 3: The reservation of transition time for BWP switching can be dependent on paired and unpaired-spectrum slot structure and switching types, i.e., from an activated BWP to another activated BWP or from an activated BWP to a default BWP.     
Proposal 4:  The reservation of transition time for different BWP switching types should be studied. 


 
[bookmark: _Ref498680362]Figure 3 BWP switching from (a) an activated BWP to the default BWP (b) an activated BWP to another activated BWP, self-contained subframe case

2.3 RACH with BWP 
It has been agreed in RAN 1 #90b that in Pcell, for a UE, common search space for at least RACH procedure can be configured in each BWP and FFS whether or not there is any additional UE behaviour that needs to be specified. Here, we discuss the handover case where an additional UE behaviour may need for RACH operation with BWP. During a handover, UE initiates a random access to the target cell. If either contention-based or contention-free based PRACH is used for handover, then the target cell PRACH resources may not be within the current UE BWP, hence, UE can retune its BWP to the target cell’s SS block and get PRACH resource allocation via the association with the SS block. Then UE sends a PRACH for a handover request and waits for the RAR at the initial BWP of the target cell. Once UE completes the handover, UE can be configured with target cell’s BWP and UE can tune to the default BWP of the target cell.       
Observation 4: In handover, the PRACH resource in the target cell’s initial BWP may or may not be as same as the BWP in the serving cell. Therefore, UE may need to retune its BWP to the target cell’s initial BWP for performing handover.     
Proposal 5:  Retuning BWP for PRACH operation can be supported. 


3. Conclusion
In this contribution, we discussed the BWP design considerations, and we conclude the follows.
Observation 1: BWP inactivity timer may expire before the retransmission timer. 
Proposal 1:  Retransmission needs to be considered when BWP inactivity timer’s values are defined.
  
Observation 2: Different BWPs may have different inactivity timer values due to the numerology.
Proposal 2:  The BWPs’ inactivity timers should be independently configured for each configured BWP via RRC. 
Proposal 3:  The BWP inactivity timer values may be specified in terms of time unit, such as ms or number of slots as an example, so that it can be adapted to different numerologies or bandwidth.

Observation 3: The reservation of transition time for BWP switching can be dependent on paired and unpaired-spectrum slot structure and switching types, i.e., from an activated BWP to another activated BWP or from an activated BWP to a default BWP.     
Proposal 4:  The reservation of transition time for different BWP switching types should be studied. 

[bookmark: _GoBack]Observation 4: In handover, the PRACH resource in the target cell’s initial BWP may or may not be as same as the BWP in the serving cell. Therefore, UE may need to retune its BWP to the target cell’s initial BWP for performing handover.     
Proposal 5:  Retuning BWP for PRACH operation can be supported. 
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