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1 Summary of Agreements on BWP Operation
Until 3GPP RAN1#90, agreements on bandwidth part (BWP) operation can be summarized as follows.
· Usage scenarios of BWP operation includes the following
· 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
· Initial active BWP
· 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

· BWP configuration
· A bandwidth part consists of a group of contiguous PRBs

· The bandwidth size ranges from the SS block bandwidth to the maximal bandwidth capability supported by a UE in a component carrier
· The bandwidth part may or may not contain SS block
· Reserved resources can be configured within the bandwidth part
· For a connected-mode UE, one or multiple bandwidth part configurations for each component carrier can be semi-statically signaled to a UE and configuration parameters include

· Numerology (i.e. CP type, subcarrier spacing)
· Frequency location (the offset between BWP and a reference point is implicitly or explicitly indicated to UE) based on common PRB index for a give numerology
· Bandwidth size (in terms of PRBs)
· CORESET (required for each BWP configuration in case of single active DL bandwidth part for a given time instant)
· Separate sets of bandwidth part configurations for DL & UL per component carrier

· For TDD, a UE is not expected to retune the center frequency of channel BW between DL and UL if different active DL and UL BWPs are configured for the UE

· Search space type in CORESET
· At least one of configured DL BWPs includes one CORESET with common search space in Pcell

· 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 per component carrier
· Definition of active BWP
· 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

· 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
· Primary focus is to complete the single DL/UL active bandwidth part case
· If time is available later after completing the single active bandwidth part case, multiple active bandwidth parts with different numerologies for a UE should be considered
· In case of single active DL BWP for a given time instant in a component carrier

· 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
· BWP activation/deactivation
· Activation by dedicated RRC signaling 
· Activation/deactivation by DCI with explicit indication
· Activation/deactivation by a 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 

· Specify necessary mechanism to enable UE RF retuning for active bandwidth part switching
2 Remaining Issues
Based on my best understanding, the following are remaining issues for bandwidth part operation.  In this meeting, we can focus on the discussion for at least the following highlighted issues.
· Relationship between CA & BWP
· Initial active BWP → To be addressed by initial access agenda
· Whether the configuration of initial active DL BWP is the same as that for RMSI and its corresponding CORESET
· Where to signal the configuration of initial active UL BWP
· BWP configuration
· Max number of BWP configurations per carrier
· Common search space support
· Details of DCI-based active DL/UL BWP activation/deactivation
· Scheduling or dedicated DCI
· Transition time of active BWP switching
· Details of timer-based active DL BWP activation/deactivation
· Whether default DL BWP is configurable or not
· New timer or reuse DRX timer
· Triggering conditions of the timer
· Transition time of active BWP switching
· Synchronization tracking within active DL BWP, especially for that containing no SS-block
· Whether DCI size is dependent on the bandwidth of the active DL/UL BWP
· Whether to support CSI measurement outside active BWP
· RRM measurement configuration
· Reuse BWP configuration or separate configuration
· Common PRB indexing
· PUCCH resource configuration across BWP
· Whether support cross-BWP retransmission or not

· Whether support overlap BWP configuration from network and UE side or not

· Joint operation with DRX
· Support of multiple active DL/UL BWP (support of single active DL/UL BWP is prioritized)
· Other issues?
3 Discussion
Issue #1: Relationship between CA & BWP
	Company
	Views

	MediaTek
	· For each configured DL/UL serving cell, a set of DL/UL BWP configurations are signaled to a UE by RRC-layer signaling, respectively
· For each activated DL/UL serving cell, UE expects at least one DL/UL bandwidth part being active among the set of configured DL/UL bandwidth parts for a given time instant
· Primary focus is to complete the single DL/UL active bandwidth part case

· If time is available later after completing the single active bandwidth part case, multiple active bandwidth parts with different numerologies for a UE should be considered

· An example to illustrate the relationship between CA & BWP is shown as the following figure.
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	Nokia, NSB
	· In R15 (based on R1-172108), all UL and DL CCs are of  thesame numerology (from UE perspective), with exception of supplemental UL.  The support of multiple active BWPs in a single cell was motivated by URLLC and different numerologies. Therefore, support only single active BWP per cell in R15.
· We think that the operation of Scell should not be different from Pcell with respect to BWPs. This means that gNB needs to configure at least one BWP on a Scell, which could be activated automatically when the Scell is activated by gNB.

· Above operation is still forward compatible to support multiple active BWPs in the same cell in the future.

	Huawei
	· The carrier aggregation feature is on top of BWP. BWP is now only support for continuous frequency range, CA can support both continuous and non-continuous frequency range. 

· Some unified design could be achieve, e.g. using DCI to activation and de-activation carrier or BWP. 

	Qualcomm
	· Prioritize standardization work for single active BWP per cell
· One of the motivations for dynamic BWP adaptation is for power saving. In the context of CA, if activation/deactivation of SCell is significantly slower than dynamic BWP adaptation on the PCell, the extent of power saving attainable would dimish. In particular, for wideband Rx for intraband CA architecture, the activation/deactivation of SCell would dictate the time scale by which RF bandwidth can adapt, and the benefit of dynamic signaling for BWP in PCell would be lost. There is strong incentive for SCell activation and deactivation to align to the time scale of BWP switching in PCell, which means SCell activation/deactivation should also be signaled via DCI.

	Intel
	· BWP is a concept confined within a cell. CA is a concept between cells, either contiguous or non-contiguous. 

	LG
	· We consider that a set of BWPs can be configured for SCell UL/DL respectively.
· In terms of activation of a BWP in a SCell, when SCell is activated, at least one BWP can be activated. 
· Regarding unified design between carrier and BWP activation/deactivation, if separate DCI is used for BWP activation/deactivation, it may be considered. If scheduling DCI is used, it seems not strightfoward. 
· Regarding default BWP for SCell, a UE can be configured with default BWP by UE-specific signaling. 

	Samsung
	· BWP concept is defined per cell irrespective of CA. 


Offline consensus:
· For each UE-specific DL/UL serving cell, a set of DL/UL BWP configurations are signaled to a UE by RRC-layer signaling, respectively

· A DL/UL serving cell is active for a UE if and only if at least one of its DL/UL bandwidth parts is active
Issue #2: BWP configuration

· Max number of BWP configurations per carrier?
	Company
	Views

	MediaTek
	· For each configured DL/UL serving cell, the maximal number of DL/UL BWP configurations is 4 or 8 in NR R15

	LGE
	· For each configured DL/UL serving cell, the maximal number of DL/UL BWP configurations is 2 or 4 in NR R15

	Nokia, NSB
	· Up to 8 BWPs (UL only, DL only) on a cell is reasonable number for R15. For TDD, consider defining single BWP for both UL and DL.

	Huawei
	· At least 4 BWP in Rel-15 for supporting agreed 3 scenarios

	Qualcomm
	· The number of BWP configurations should be at least 4 and not more than 8 in NR R15. The reason for 4 as the lower bound is: (i) at least 2 DL BWPs and equal number of UL BWPs requires 4, (ii) number should be a power of 2

	Intel
	· The question is related to whether we will use scheduling DCI or separate DCI. If we use scheduling DCI, it is better to have smaller number, e.g., 2 or 4. 

	vivo
	· For each configured DL/UL serving cell, the maximal number of DL/UL BWP configurations is at least 4  in NR R15


Draft proposals: 
· For each configured DL/UL serving cell, the maximal number of DL/UL BWP configurations is 4 in NR R15
Issue #3: Details of DCI-based active DL/UL BWP activation/deactivation

· Scheduling or dedicated DCI?
	Company
	Views

	MediaTek
	· Activation/deactivation by scheduling DCI with explicit indication

	Nokia
	· Activation/deactivation by scheduling DCI with explicit indication

	Samsung
	· Activation/deactivation by scheduling DCI with explicit indication

	Docomo
	· Activation/deactivation by scheduling DCI with explicit indication

	Huawei
	· For a single active BWP, using scheduling DCI. FFS for multiple active BWPs

	Qualcomm
	· Both options are needed: Activation/deactivation by scheduling DCI with explicit indication, and dedicated DCI. Dedicated DCI can be used to switch UE to a new BWP without scheduling to the UE immediately. CSI measurement can be done on the new BWP before data is scheduled to the UE.

·  If new DCI format for dedicated DCI is a concern, seek solution to reuse existing DCI format/size to avoid imposing new requirements on blind decoding (e.g. dummy grant)

	Intel
	· Separate DCI. The benefit of separate DCI is as follows:

· The DCI can be designed more robust as it contains small information bits. 
· Single DCI can be designed to activate/deactivate both DL and UL BWPs. 
· It is more future proof, if the simultaneous activation of multiple BWPs is supported later in Rel-15 or in Rel-16. 

	vivo
	· Activation/deactivation by scheduling DCI with explicit indication

	LG
	· We prefer to adopt only one solution between (1) scheduling DCI based activation/deactivation with BWP index in DCI (2) separate DCI. 

	Panasonic
	· Activation/deactivation by scheduling DCI with explicit indication


Offline consensus: 
· Support activation/deactivation by at least scheduling DCI with BWP identification information
· FFS whether & how for active BWP switching only without scheduling
Issue #4: Details of timer-based active DL BWP activation/deactivation

· Whether default DL BWP is configurable or not?
· New timer or reuse DRX timer?
· Triggering conditions of the timer?
	Company
	Views

	MediaTek
	· New timer for timer-based active DL BWP activation/deactivation

· FFS triggering conditions of the timer

	Nokia
	· Reuse DRX timer for timer-based active DL BWP activation/deactivation

	Samsung
	· Default DL BWP is configurable

· Reuse DRX timer for timer-based active DL BWP activation/deactivation

	Huawei
	· New timer for timer-based active DL BWP activation/deactivation. Two scenarios should be considered: 1) Scenario #1: Power saving for a UE switching to a default DL BWP with smaller BW ; 2) Scenario #2: Fallback for a UE missing DCI based activation/deactivation signaling in BWP1 to switch BWP1 to BWP2

	Intel
	· New timer for timer-based active DL BWP activation/deactivation

	Qualcomm
	· New timer for timer-based active DL BWP activation/deactivation. Triggering condition could be same as DRX inactivity timer, i.e. based on grant

	vivo
	· The default DL BWP should be configurable to balance the load in different BWPs.
· Reuse DRX inactivity timer.
· The triggering conditions can be the similar as DRX inactivity timer

	LG
	· Reuse DRX timer
· The necessity of new timer may depend on configuration of BWP. If active BWP may not contain SS block, timer/UE behavior to allow a UE to go back to default BWP can be considered for RACH procedure. 

	Ericsson
	· New timer

	Oppo
	· New timer

	Panasonic
	· Default DL BWP should be able to configure in a UE-specific manner.

· Reuse DRX timers for time-based BWP activation/deactivation

· On-duration timer can trigger the activation of the default BWP at the beginning of DRX cycle

· Inactive timer can trigger the activation of the narrow BWP for power saving




Status: No consensus. New timer (6 companies) vs. Reuse DRX inactivity timer (5 companies)
Issue #5: Synchronization tracking within active DL BWP, especially for that containing no SS-block
	Company
	Views

	MediaTek
	· DL bandwidth part configuration further includes periodic TRS configuration for time/frequency tracking & AGC settling if it exists.

· FFS the necessity of aperiodic TRS triggered by DCI-based activation/deactivation signaling

	Nokia, NSB
	· If we support CSS for paging and RACH on each BWP, DMRS of CSS could be used at TRS.

	Huawei
	· There are several options for synchronization tracking within active DL BWP
1) Configure active DL BWP with SS-block

2) Configure a default active DL BWP with SS-block, use this default active DL BWP synchronization for other DL BWP

3) Configure active DL BWP with other signals, e.g. TRS

We’d better minimize the impact design on this aspect.

	Qualcomm
	· DL bandwidth part includes periodic TRS configuration for time/frequency tracking & AGC settling if it exists

· Aperiodic TRS triggered by DCI-based activation/deactivation signaling is also supported

	LG
	· TRS can be used for synchronization purpose if that configuration is supported. 


Draft proposals: 
· DL bandwidth part configuration further includes periodic TRS configuration for time/frequency tracking & AGC settling if it exists
· FFS the necessity of aperiodic TRS triggered by DCI-based activation/deactivation signaling
Issue #6: Whether DCI format size is dependent on the bandwidth of the active DL/UL BWP of a DL/UL serving cell?
	Company
	Views

	MediaTek
	· No, DCI format size is independent of the bandwidth of the active DL/UL BWP of a DL/UL serving cell

	Nokia
	· No, DCI format size is independent of the bandwidth of the active DL/UL BWP of a DL/UL serving cell.  The NR should provide a possibility to configure the same DCI format size on all all configured BWPs in a cell.

	Intel
	· No, DCI format size is independent of the bandwidth of the active DL/UL BWP of a DL/UL serving cell

	Huawei
	· REG size is coupled and/or configured with BWP. So in that sense, the some of DCI format size is dependent on the bandwidth of the active DL/UL BWP. For self-BWP scheduling, different DCIs in different CORESETs for different BWPs may or may not have the same payload size
· During the deactivation and activation stage, a DCI in a CORESET in BWP1 scheduling BWP1 or BWP2 should have the same payload size

	Qualcomm
	· No, DCI format size is independent of the bandwidth of the active DL/UL BWP of a DL/UL serving cell. The RA field can be padded to keep the DCI format size constant, and the interpretation of the RA field could be dependent on the BWP ID field.

	vivo
	· Some clarification on the DCI format size is needed. We prefer to have a DCI format which is independent of the BW of the active DL/UL BWP (which we called ‘fallback DCI’). And another BWP-dependent DCI format could also been monitored at the same time (which we called ‘normal DCI’). A UE can be configured to monitor both DCI format at the same time. This is also very similar to LTE. During the BW activation/deactivation, gNB can assign fallback DCI in order to avoid another ambiguity during the transition period.
· And we can further discuss whether the ‘fallback DCI’ is based on LTE format 1C or 1A design.

	LG
	· No, In terms of RA field, the same size can be maintained by appropriate configuration of RBG size per BWP if necessary or padding can be used if different RA size is necessary. 

	Samsung
	· The DCI size should be independent of the BW of the BWP. 

	Panasonic
	· DCI format size is independent of the bandwidth of the active DL/UL BWP of a DL/UL serving cell.


Draft proposals:
· The size of at least one DCI format can be configured to be the same to a UE for all configured BWPs of a serving cell
Issue #7: Whether to support CSI measurement outside active BWP?
	Company
	Views

	MediaTek
	· Prefer no due to the consideration of the introduced UE complexity for the CSI measurement. Wideband CSI information obtained in original active BWP can be reused for the 1st data scheduling in the new active BWP.  DCI-based activation/deactivation signaling can trigger Aperiodic CSI reporting to obtain new CSI information to enable faster link adaptation convergence in new active BWP.

	Nokia, NSB
	· The CSI acquisition outside of active BWP is not essential functionality for R15. 

	Huawei
	· It depend on MIMO session decision whether to support wideband CSI measurement and reporting or not.

	Qualcomm
	· If dedicated BWP activation is supported, UE can transition to a new BWP without getting scheduled immediately. CSI measurement can be done on the new BWP before data is scheduled to the UE. For frequent switching between two BWPs, CQI should not be too stale and data can be scheduled right away after switching.

	vivo
	· CSI measurement outside the active BWP is not preferred due to the UE complexity.

	LG
	· We support aperiodic CSI request outside of active BWP in case dynamic switching between two BWPs. 

	Samsung
	· It is beneficial for scheduling purposes to have CSI measurements performed on different BWP.


Status: No consensus.
Issue #8: RRM measurement configuration

· Reuse BWP configuration or separate configuration?
	Company
	Views

	MediaTek
	· RRM measurement configuration for a configured serving cell doesn’t reuse BWP configurations of the cell

	LGE
	· RRM measurement configuration for a configured serving cell doesn’t reuse BWP configurations of the cell

	Nokia, NSB
	· CSI-RS based RRM-measurements were deprioritized in RAN4 in R15. RRM measurement can be linked to default BWP on a cell, which contains SSB.  We can return to this issue later.
· From RP-172108
· Aiming December 2017 completion:

· SS Block based RRM/RLMGap pattern design should be forwared compabible to CSI-RS based measurement


· Aiming June 2018 completion:

CSI-RS based RRM/RLM

	Huawei
	· Reuse BWP configuration as much as possible: e.g. the frequency location, bandwidth, numerology

	Qualcomm
	· RRM measurement configuration for a configured serving cell doesn’t reuse BWP configurations of the cell

	vivo
	· The BWP configurations of the cell can be used as RRM measurement configurations.

	LG
	· Independent configuration is preferred.

	Samsung
	· RRM measurement configurations can be decoupled from BWP configurations. 


Draft proposals: 

· For SS-block based RRM measurement, measurement configuration doesn’t reuse BWP configurations
· FFS CSI-RS based RRM measurement

Issue #9: Common PRB indexing

· Common PRB offset signaling for carrier without SSB
Draft proposals: 

· For an Scell, a reference location is signaled to the UE for common PRB indexing for the Scell
· FFS details of reference location
Issue #10: PUCCH Configurations across BWP

· Is the PUCCH resource for SR configured per BWP or only on default BWP?

	Company
	Views

	· Samsung
	· PUCCH resources can be configured in active BWP. If it is not available, UE can use the PUCCH resources on the default BWP. Some rules must be defined for the UE behavior.


