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1 Introduction

In RAN2#99bis, the following agreement was made related to BWP operation: 

Agreements for BWP operation in CONNECTED mode:

1:
BWP impacts on the CONNECTED mode will be progressed by Dec 17.  Impacts to IDLE mode/INACTIVE mode UEs will be discussed with SA after Dec 17.

2a:
RRC signalling supports to configure 1 or more BWPs (both for DL BWP and UL BWP) for a serving cell (PCell, PSCell). 

2b
RRC signalling supports to configure 0, 1 or more BWPs (both for DL BWP and UL BWP) for a serving cell SCell (at least 1 DL BWP) (impact of SUL still to be discussed)

3
For a UE, the PCell, PSCell and each SCell has a single associated SSB in frequency (RAN1 terminology is the is the 'cell defining SSB')

4
Cell defining SS block can be changed by synchronous reconfiguration for PCell/PSCell and SCell release/add for the SCell.

5
Each SS block frequency which needs to be measured by the UE should be configured as individual measurement object (i.e. one measurement object corresponds to a single SS block frequency).

6
The cell defining SS block is considered as the time reference of the serving cell, and for RRM serving cell measurements based on SSB (irrespective of which BWP is activated).

In addition, RAN1 has been discussing BWPs for a number of meetings, and have made a number of relevant agreements [4]

 REF _Ref498526210 \r \h 
[5]

 REF _Ref498526212 \r \h 
[6]

 REF _Ref498526213 \r \h 
[7]

 REF _Ref498526214 \r \h 
[8]:
RAN1 Agreements (#89)
· At least the following properties of a CSI-RS for L3 mobility can be signalled to the UE using dedicated signaling:
· NR Cell ID
· timing configuration, including time offset and periodicity
· number of antenna ports
· configurable time/frequency resource to indicate RE mapping
· configurable transmission/measurement bandwidth 
· Note: it relates to wideband operation
· parameters for sequence generation
RAN1 Agreements (AH#2)
· 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. 
RAN1 Agreements (AH#3)
·         For NR CA:
· If CIF is present in DCI, the bitwidth is fixed at 3 bit

· §  Note: BWP index (if available) is always a separate information field

· §  FFS detailed conditions for CIF presence 
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

RAN1 Agreements (#90bis)
· 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 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
In this contribution, we discuss control-plane related aspects of BWP, including signalling/configuration, and RRM. 

2 Impacts of BWP on Control Plane
2.1 BWP Configuration
According to RAN1, “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 BWP configuration will be broadcast by the cell in minimum SI.  It is likely that the dedicated BWP configuration for a UE will come as early as possible (e.g. in the radio resource configuration of the RRCConnectionSetup message, or in an RRCConnectionReconfiguration message shortly after entering connected.  In the later case, the UE should continue to operate in the initial BWP.  In addition, the network may have the UE operate only in the initial BWP while the UE remains in RRC_CONNECTED.  As a result, the initial BWP should be considered as the active BWP until it is configured in dedicated signalling.

Proposal 1 The UE’s active BWP on a PCell is the initial BWP until it is configured with a dedicated BWP configuration.

In RAN2, we agreed that a UE could be configured with more than one BWP by dedicated RRC signalling.  We think that it is possible that the initial BWP is not included in any of the configured BWPs, since the initial BWP is used to satisfy the minimum BW requirements of all UEs.  As per email discussion 99bis43 [2], the consensus was that when the PCell is configured or an SCell is activated, the UE should have an active BWP to operate in and no additional activation step is required.  Therefore, upon reception of the BWP configurations, the UE can either assume the initial active BWP is active and be switched later by DCI signalling, or the RRC signalling that configures the BWP(s) may itself indicate the active BWP.  The later option provides the network with more flexibility and also allows for the case where the initial BWP is not included in any of the configured BWP(s).  
Proposal 2 RRC Signaling indicates the active BWP of the configured PCell from the set of configured BWPs.

A similar behaviour for the SCells can be used to remove any ambiguity of the active BWP when the UE receives the SCell activation command.  Specifically, the UE would receive the BWP configuration and initial active BWP with the RRC configuration of the SCells, and would start using the indicated active BWP upon SCell activation.
Proposal 3 RRC signalling indicates the active BWP of the configured SCell the UE can start using upon SCell activation

Once a UE is configured with multiple BWPs, L1 signaling (DCI) can switch the active BWP between any of the configured BWPs.  RAN1 has agreed to a BWP index that is present in the DCI to switch the active BWP.  The BWP index must therefore be associated with one of the configured BWPs.  Such association could be made by providing a unique index in the RRC configuration of each BWP, similar to how the SCellIndex is provided in the SCell configuration and referenced in the activation/deactivation of a carrier by MAC CE. 
Proposal 4 The BWP index is included in the RRC configuration of a BWP which is referenced by DCI signalling that switches the active BWP. 
Since the dedicated BWP configuration is associated to CONNECTED mode operation, any transition to RRC_IDLE should result in the UE deleting its BWP configuration.  Similar behaviour would be desirable for the case of re-establishment, given that the UE may select a different cell during re-establishment and should not be allowed to use its CONNECTED mode bandwidth part configuration in the new cell.  For the case of transition to RRC_INACTIVE, since the UE may perform UE-based mobility, deleting the configuration is also simplest, and avoids having to specify different behaviour depending on whether resume is performed to the same cell or different cell.
Proposal 5 A UE deletes its dedicated BWP configuration when it leaves RRC_CONNECTED, or upon triggering re-establishment procedure.

2.2 Impacts to RRM/Mobility
The main use of BWPs is for power savings.  By configuring a UE to operate over a subset of the frequency resources of a carrier, the UE is not required to monitor DL transmission or perform UL transmissions over an entire carrier bandwidth (which could be significantly larger for NR than LTE).  Based on a similar argument, when a UE performs RRM measurements of neighbour cells, it should not have to measure the entire neighbour cell’s carrier frequency since it may only operate on a BWP (and not on the entire carrier bandwidth) following HO.  

Based on RAN1 agreements in RAN1#89, a CSI-RS configuration for L3-mobility can provide the measurement bandwidth over which the UE is required to measure.  As a result, a UE configured to perform CSI-RS-based cell measurements of neighbour cells can have such measurements confined to subband(s) of the cell’s carrier bandwidth.  The RRM measurement configuration therefore does not need to include BWP information of the neighbour cells.
In our companion contribution [3], we also discuss the use of RRM measurements for the network to change the active BWP.  In such case, the UE can also be provided a CSI-RS configuration associated with one or more of its configured BWPs, and the RRM measurement configuration does not include BWP information. 

Proposal 6 RRM Measurement configuration does not include information about BWPs. 

For HO, the UE generally obtains the target cell configuration in the HO command.  This should also apply to the BWP configuration.  The purpose of the initial BWP in minimum SI is to have a BWP configuration that all UEs can use to access the cell from IDLE mode.  Once the UE capabilities are known, the target cell of the HO can configure the UE with more appropriate BWP configuration in dedicated signalling. As a result, there is no need to use the initial BWP during HO, and the UE would instead use the indicated active BWP in the BWP configuration provided by the target cell.

Proposal 7 A UE can be provided with BWP(s) configuration of the target cell in the HO command. 

Proposal 8 Upon HO to a target cell, the UE uses the active BWP indicated in the HO command to perform initial access to the target cell. 

3 Conclusion
In this contribution the following observations conclusions were made related to BWPs:

Proposal 9 The UE’s active BWP on a PCell is the initial BWP until it is configured with a dedicated BWP configuration.

Proposal 10 RRC Signaling indicates the active BWP of the configured PCell from the set of configured BWPs.

Proposal 11 RRC signalling indicates the active BWP of the configured SCell the UE can start using upon SCell activation

Proposal 12 The BWP index is included in the RRC configuration of a BWP which is referenced by DCI signalling that switches the active BWP. 

Proposal 13 A UE deletes its dedicated BWP configuration when it leaves RRC_CONNECTED, or upon triggering re-establishment procedure.

Proposal 14 RRM Measurement configuration does not include information about BWPs. 

Proposal 15 A UE can be provided with BWP(s) configuration of the target cell in the HO command. 

Proposal 16 Upon HO to a target cell, the UE uses the active BWP indicated in the HO command to perform initial access to the target cell. 
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