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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
RAN1 Agreement (#88bis)
· One or multiple bandwidth part configurations for each component carrier can be semi-statically signalled to a UE
· A bandwidth part consists of a group of contiguous PRBs
· Reserved resources can be configured within the bandwidth part
· The bandwidth of a bandwidth part equals to or is smaller than the maximal bandwidth capability supported by a UE
· The bandwidth of a bandwidth part is at least as large as the SS block bandwidth
· The bandwidth part may or may not contain the SS block
· Configuration of a bandwidth part may include the following properties
· Numerology
· Frequency location (e.g. center frequency)
· Bandwidth (e.g. number of PRBs)
· Note that it is for RRC connected mode UE
· FFS how to indicate to the UE which bandwidth part configuration (if multiple) should be assumed for resource allocation at a given time
· FFS neighbour cell RRM

RAN1 Agreements (#89)
· Confirm the WA of RAN1#88bis.
· Each bandwidth part is associated with a specific numerology (sub-carrier spacing, CP type)
· FFS: slot duration indication if RAN1 decides to not to downselect between 7 symbol and 14 symbols for NR slot duration
· UE expects at least one DL bandwidth part and one UL bandwidth part being active among the set of configured bandwidth parts for a given time instant.
· A UE is only assumed to receive/transmit within active DL/UL bandwidth part(s) using the associated numerology
· At least PDSCH and/or PDCCH for DL and PUCCH and/or PUSCH for UL
· FFS: down selection of combinations
· FFS if multiple bandwidth parts with same or different numerologies can be active for a UE simultaneously 
· It does not imply that it is required for UE to support different numerologies at the same instance.
· FFS: TB to bandwidth part mapping
· The active DL/UL bandwidth part is not assumed to span a frequency range larger than the DL/UL bandwidth capability of the UE in a component carrier.
· Specify necessary mechanism to enable UE RF retuning for bandwidth part switching

· In case of one active DL BWP for a given time instant, 
· Configuration of a DL bandwidth part includes at least one CORESET.
· A UE can assume that PDSCH and corresponding PDCCH (PDCCH carrying scheduling assignment for the PDSCH) are transmitted within the same BWP if PDSCH transmission starts no later than K symbols after the end of the PDCCH transmission.
· In case of PDSCH transmission starting more than K symbols after the end of the corresponding PDCCH, PDCCH and PDSCH may be transmitted in different BWPs
· FFS: Value of K (may depend on numerology, possibly reported UE retuning time, etc) 

RAN1 Agreements (AH#2)
· At least one of configured DL BWPs includes one CORESET with common search space at least in primary component carrier
· Each configured DL BWP includes at least one CORESET with UE-specific search space for the case of single active BWP at a given time
· In case of single active BWP at a given time, if active DL BWP does not include common search space, then UE is not required to monitor the common search space

· Activation/deactivation of DL and UL bandwidth parts can be
· by means of dedicated RRC signaling 
· Possibility to activate in the bandwidth part configuration
· by means of DCI (explicitly and/or implicitly) or MAC CE [one to be selected]
· by means of DCI could mean
· Explicit: Indication in DCI (FFS: scheduling assignment/grant or a separate DCI) triggers activation/deactivation
· Separate DCI means DCI not carrying scheduling assignment/grant
· Implicit: Presence of DCI (scheduling assignment/grant) in itself triggers activation/deactivation
· This does not imply that all these alternatives are to be supported. 
· FFS: by means of timer 
· FFS: according to configured time pattern

RAN1 Agreements (#90)
· There is an initial active DL/UL bandwidth part pair to be valid for a UE until the UE is explicitly (re)configured with bandwidth part(s) during or after RRC connection is established
· The initial active DL/UL bandwidth part is confined within the UE minimum bandwidth for the given frequency band
· FFS: details of initial active DL/UL bandwidth part are discussed in initial access agenda
· Support activation/deactivation of DL and UL bandwidth part by explicit indication at least in (FFS: scheduling) DCI
· FFS: In addition, MAC CE based approach is supported
· Support activation/deactivation of DL bandwidth part by means of timer for a UE to switch its active DL bandwidth part to a default DL bandwidth part
· The default DL bandwidth part can be the initial active DL bandwidth part defined above 
· FFS: The default DL bandwidth part can be reconfigured by the network
· FFS: detailed mechanism of timer-based solution (e.g. introducing a new timer or reusing DRX timer)
· FFS: other conditions to switch to default DL bandwidth part

· When a UE performs measurement or transmit SRS outside of its active BWP, it is considered as a measurement gap
· FFS: details of measurement gap configuration
· During the measurement gap, UE is not expected to monitor CORESET

This contribution investigates design considerations and framework to support wider BW in NR; especially about flexible BW support based on bandwidth part.
2. 	Design Issues for Bandwidth Part
2.1 Configuration of 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. 


Figure 1: The concept of bandwidth part
According to the configuration of BWP, the UE understands the PHY channel structure and other related parameters based on indication in the BWP configuration. For clarity, it is better to use separate terms as DL BWP and UL BWP. RAN1 agreed on initial active DL/UL BWP pair which is valid before explicit (re)configuration of BWP during or after RRC connection establishment procedure. UE performs idle mode operation such as RMSI reception, and RA procedure via the initial active DL/UL BWP pair. How to configure the initial active DL/UL BWP pair is up to RAN1 decision (to be updated depending on RAN1 AH#3 results).  Network can determine whether or not to keep the initial DL/UL BWP as one of configured BWPs for Connected mode UE. During RRC connection establishment procedure, network can configure at least a pair of DL/UL BWP which may be same or not as the initial DL/UL BWP pair. If new DL/UL BWP pair is not configured explicitly in RRC connection establishment procedure, the initial DL/UL BWP pair is inherited implicitly as a pair of DL/UL BWP for Connected mode. If needed, network can reconfigure DL or UL BWP individually.
Observation 1: Initial DL/UL BWP pair for initial access can be inherited or reconfigured to DL/UL BWP pair for Connected mode up to network decision.
During RRC connection establishment procedure, network needs to obtain RF/BW or BWP-related information of UE. RRC connection setup message would be a right place to deliver UE RF/BW capability so that network can decide proper BWP configuration to the UE. On the other hand, the configured BWP may impact to other RRC related procedures such as RRM measurement. So (re-)configuration of the BWP should be involved by RRC signaling. Since SCell may have a wideband carrier, BWP configuration during SCell addition procedure may be needed. 
Proposal 1: One or multiple BWPs can be configured to Connected mode UE per carrier by RRC dedicated signaling.
The scheduling/HARQ behavior of UE is confined into the configured BWP, like CC in LTE. So UE monitors DL control channel (i.e. CORESET and PDCCH) which is defined in the BWP and perform data transmission/reception within the BWP. UE is also restricted to measure SS/CSI-RS in the active BWP.  HARQ procedure is performed basically per BWP, but cross-BWP HARQ processing can be possible if numerology of those BWPs is same [2].
Observation 2: Like LTE CC, UE can perform DL control channel monitoring, channel measurement and HARQ procedure in per-BWP basis. 
The location of NR-SS in frequency is in center frequency similar to LTE. 5/10 MHz for sub 6 GHz and 40/80 MHz for above 6 GHz has considered for BW of NR-SS. On the other hand, the maximum BW of single CC can be wide to at least 400 MHz. Therefore some functions may be limitedly available due to the huge gap between NR-SS BW and CC BW. For instance, if a UE has 20 MHz maximum BW capability and configured at the location that is far from the center by 100 MHz, the UE may not receive NR-SS for synchronization and RRM measurement purposes. Therefore at least one bandwidth part of UE should contain the bandwidth where NR-SS locates.
Observation 3: UE may not perform synchronization or RRM measurement in the active bandwidth part, when NR-SS is not located within the active bandwidth part of the UE. 
Proposal 2: At least one BWP is configured via RRC dedicated signaling for a UE to monitor NR-SS, for synchronization or RRM measurement.
Default DL BWP is agreed in RAN1 in the context of BWP switching by timer. UE goes from wide BWP back to the default (narrow) DL BWP conditioned by expiration of the timer e.g. due to no PDCCH activity. Main advantage of DL BWP switching to the default BWP is power saving. The primary DL BWP may be configured as the default BWP, however this approach may incur higher loss due to retuning latency between primary DL BWP and non-primary DL BWP. To minimize retuning, UE can be configured with another default BWP per each BWP. For example, UE switches from a wide BWP to a narrow BWP in case of two BWPs with the same center frequency. To support this, default BWP can be configured per BWP by RRC dedicated signaling.
Observation 4: RAN1 agreed on a default DL BWP to support activation/deactivation of DL BWP by means of timer for a UE to switch its active DL BWP to the default DL BWP.
Proposal 3: A ‘default DL BWP’ may be additionally configured per configured DL BWP via RRC dedicated signaling, so that UE switches to the default DL BWP which is linked to current active DL BWP.


Figure 2: The concept of default BWP configuration
Apart from the default DL BWP, another type of BWP for fallback may be needed. The fallback operation would be helpful when network and UE are not aligned to stay the same BWP due to DCI loss or false alarm. RAN1 has discussed L1 signaling-based or timer-based solutions. Whatever solution is agreed, limiting BWP for fallback will be beneficial for UE implementation. From the UE perspective, only single fallback BWP is sufficient to operate in. The fallback is meaningful when temporal channel degradation is a cause of signal loss. If RAN1 agreed on MAC CE as switching command, there is less chance of signaling error and fallback is not much needed.
Proposal 4: Corresponding to misalignment of active BWP between network and UE due to temporal channel degradation, a fallback operation of UE needs to be supported by configuring a fallback BWP.
The fallback operation of BWP is only required for PCC, since SCell can be managed by existing CA mechanism. Therefore we think that the primary DL BWP can take a role of the fallback BWP.
Proposal 5: A fallback BWP is only applied to PCC. 


Figure 3: The concept of fallback BWP
According to RAN1 agreement, at least one of configured DL BWPs includes one CORESET with common search space (CSS) at least in primary CC (PCC). The CSS is essential for UE to receive common signaling such as RMSI, OSI or paging in PCC. If UE operates in an active BWP without CSS, UE may switch to a BWP with CSS by network control or by configured condition. It is good to define a BWP with CSS in the specification. This new type of BWP can be called as primary DL BWP here. Under the single MAC condition, we think that single primary DL BWP is sufficient for UE operation.
Proposal 6: A DL BWP with CSS is defined as a primary DL BWP. Only a primary DL BWP is configured for the UE via RRC dedicated signaling. 
Even though the motivation of fallback and primary DL BWP is different, it could be better to align two for simplicity. Furthermore network will choose the location of the primary DL BWP aligned with SS since it needs a higher level of robustness. Therefore we propose that the primary DL BWP takes a role of fallback BWP and separate term of fallback BWP is not needed.
Proposal 7: The primary DL BWP is used as the fallback BWP of other configured BWPs. No additional definition for the fallback BWP is needed.


Likewise DL BWP, UE should be configured to have at least a UL BWP with PUCCH to be operated in PCC. When UE is configured for UL control signaling such as SR, or BSR, UE assumes that the configurations is applied to the PUCCH in the UL BWP even though there is no explicit indication of this type of UL BWP. It can be called as primary UL BWP here. 
Proposal 8: A primary UL BWP is introduced for UL, and the PUCCH is configured only in the primary UL BWP. 

2.2 Scheduling based on bandwidth part
As identified above, at least one BWP should contain NR-SS and the BWP would be located in the access BW of the CC. If the BWP of UE is configured only near the access BW, network can’t use other frequency resources which are not contained in the BWP, and spectrum utilization is low. Therefore dynamic change of BWP at UE side is needed between 1st BWP confining the access BW and 2nd BWP far from the access BW. The indication to change of BWP may be L1 signal, or MAC/RRC messages. L1 signal-based indication to change of BWP is the most dynamic among them by minimizing interval from indication to completion of BW change. Therefore it may be beneficial for some time-stringent NR functions to support L1 signal-based indication for dynamic change of BWP. For details about how to configure 1st and 2nd BWP and related issues, you can refer to the companion paper [3].
Observation 5: Dynamic change of bandwidth part is beneficial for higher spectrum utilization subject to UE requirement to monitor NR-SS.


Figure 4: Bandwidth part-based scheduling
Scheduling is one of time-stringent functions since it performs every scheduling opportunity and is sensitive to latency from the capacity and service requirement perspectives. In case of scheduling, as shown in Figure 2, the indication of BWP change could be realized by indication via control channel at one BWP for data transmission at another BWP. From the analogy to cross-carrier scheduling, we call indication of BWP change for scheduling by cross-bandwidth part scheduling or shortly cross-BWP scheduling. Cross-BWP scheduling may be performed in the same RF BW or different RF BWs. For proper scheduling by network, UE should provide UE capability information including feature and number of RF BW. For details on resource indication for self/cross-BWP scheduling, please refer to the companion paper [2].
On the other hand, some UE may not be capable to operate with low latency during RF retuning. If such limited capable UE is scheduled across BWP, the scheduling performance will be severely degraded due to higher overhead for every indication for scheduling. So it seems natural to support self-bandwidth part scheduling. Since both self- and cross- BWP scheduling should be supported, the identification of BWP is needed to indicate in which BWP, data is delivered corresponding to scheduling assignment. For the indication, DCI contains at least the index of BWP. In addition, symbol/slot index for indicate TB may be contained in DCI. 
Observation 6: RAN1 agreed on both self-BWP and cross-BWP scheduling.
Proposal 9: BWP is configured with index by RRC so that the index is contained in DCI or RRC message to support at least cross- BWP scheduling and reconfiguration of BWP.
3. Summary
Based on the discussion and identified observations in this contribution, we propose followings:

Observation 1: Initial DL/UL BWP pair for initial access can be inherited to DL/UL BWP pair for Connected mode up to network decision.
Observation 2: Like LTE CC, UE can perform DL control channel monitoring, CSI-RS measurement and HARQ procedure in per-BWP basis. 
Observation 3: UE may not perform synchronization or RRM measurement in the active bandwidth part, when NR-SS is not located within the active bandwidth part of the UE. 
Observation 4: RAN1 agreed on a default DL BWP to support activation/deactivation of DL BWP by means of timer for a UE to switch its active DL BWP to the default DL BWP.
Observation 5: Dynamic change of bandwidth part is beneficial for higher spectrum utilization subject to UE requirement to monitor NR-SS.
Observation 6: RAN1 is discussing whether cross-bandwidth part scheduling is indicated in single or two steps.
Observation 7: RAN1 agreed on the self-bandwidth part scheduling for limited capable UE for RF retuning latency.

Proposal 1: One or multiple BWPs can be configured to Connected mode UE per carrier by RRC dedicated signaling.
Proposal 2: At least one BWP is configured via RRC dedicated signaling for a UE to monitor NR-SS, for synchronization or RRM measurement.
Proposal 3: A ‘default DL BWP’ may be additionally configured per configured DL BWP via RRC dedicated signaling, so that UE switches to the default DL BWP which is linked to current active DL BWP.
Proposal 4: Corresponding to misalignment of active BWP between network and UE due to temporal channel degradation, a fallback operation of UE needs to be supported by configuring a fallback BWP.
Proposal 5: A fallback BWP is only applied to PCC. 
Proposal 6: A DL BWP with CSS is defined as a primary DL BWP. Only a primary DL BWP is configured for the UE via RRC dedicated signaling.
Proposal 7: The primary DL BWP is used as the fallback BWP of other configured BWPs. No additional definition for the fallback BWP is needed.
Proposal 8: A primary UL BWP is introduced for UL, and the PUCCH is configured only in the primary UL BWP.
Proposal 9: BWP is configured with index by RRC so that the index is contained in DCI or RRC message to support at least cross- BWP scheduling and reconfiguration of BWP.
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