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1      Introduction
BWP is introduced for NR to enable the following usage:
1. Enabling reduced UE bandwidth capability within a wideband carrier
2. Enabling reduced UE power energy consumption by bandwidth adaptation
3. Enabling UE using different numerologies in FDM within a wideband carrier
RAN1 has made some progress on BWP (please refer to the RAN1 agreement in Annex), in this contribution, we study the RAN2 impact on RAN1 BWP agreements in related to configuration, activation/ deactivation and RRM aspects.
2      Discussion

2.1     BWP overview

A set of BWPs can be configured per cell by the network to the UE, which can be denoted by configured BWP(s). The detail of each BWP type is described as follow:  

· Initial BWP (only for SA): this is for initial access and idle mode UE. It is confined within the UE minimum bandwidth. The location of initial BWP will be decided by the location of the SS block.
· Default BWP1: the gNB can configure default BWP e.g. indicating one BWP among a set of configured BWPs. This is for connected mode UE only. This is mainly to support fall-back mode i.e. the UE autonomously moves to default BWP when there is no data activity during some time. 
· Active BWP1: this is for connected mode UE only. The only active BWP is the BWP the UE is expected to receive/ transmit data. At most one BWP at a time should be activated per serving cell in Rel-15. 
· Non-active BWP: this is the BWP that is configured to the UE but it is not active or it has been deactivated. It may not be explicitly defined in the specification.  

Note 1: default BWP can be configured same as the initial BWP, in addition, default BWP can be active BWP.

Observation 1: Initial BWP contains at least SS block.
Figure 1 below shows 4 example of configured BWP. Example 1 shows that there is one initial BWP, one default BWP and one active BWP. In this example, BWP 3 is activated. Example 2 shows the default BWP is configured same as initial BWP and BWP N is activated i.e. BWP N is the active BWP. Example 3 shows default BWP is BWP3 and it is activated i.e. default BWP is the active BWP. Finally, example 4 shows initial BWP and default BWP are the same and it is activated BWP 1 is the active BWP.
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Figure 1: Example of different BWP configurations for SA
Observation 2: Default BWP can be configured to be the same as initial BWP.
Observation 3: Default BWP can be configured as active BWP.
According to RAN1 agreement, not all BWPs contain SS block. In our understanding, at least the initial BWP should contain SS block. The network may optionally configure SS Block in the configured BWPs. Therefore, RAN2 can assume that both initial access UE and idle UE will be in the initial BWP. RAN1 agreement also stated that the UE will be in initial BWP until the UE is explicitly (re)configured with BWP during or after RRC connection is established. In this case, it is reasonable to assume the UE initial active BWP is initial BWP. When the UE receives an explicit signal to change active BWP, then the UE can move to another BWP.
Proposal 1: For SA, RAN2 assumes both initial access UE and idle UE will be in initial BWP which contains at least SS block. 

Proposal 2: For SA, after the UE performs initial access on initial BWP, the initial BWP can be considered as active BWP until NW configures and activates another BWP.
Default BWP may or may not be the same as initial BWP. From signalling point of view, it would be simple that default BWP is explicitly signalled and it can be same as initial BWP by configuration at network side. 
Proposal 3: For SA and NSA, default BWP is configured via RRC signalling.
2.2     Configuration and operation of BWP
In general, there are multiple BWP can be configured per serving cell: one default BWP (can be initial BWP) and multiple BWPs that potentially is activated later. 
Proposal 4: RRC can configure a set of BWPs for UL and DL. 
The network may activate at most one BWP per cell at a given time in Rel-15. In addition, RAN1 has agreed that UL and DL BWPs may be separately configured. In order to support BWP operations, the simplest approach is to support BWP set addition and release operation for both UL and DL. This means the network can add multiple BWP in the BWP set or remove multiple BWP in the BWP set. We don’t see the need of modifying already configured BWP so far. 

As for activation and deactivation, RAN1 has already agreed that it can be done by RRC, DCI and a timer based. It is FFS on MAC CE based activation/deactivation and RAN1 will have further discussion on if the timer should reuse DRX timer or introduce a new timer. 
We understand that RRC based activation can be used to activate BWP upon configuration of BWP to reduce delay to activate by DCI signaling after RRC configuration. However, this approach may cause mismatch issue between UE and gNB assuming there is RRC processing delay as defined in LTE. That is, the gNB may know when exactly the UE applies a new configuration, and hence the active BWP can be different between UE and gNB during RRC processing duration. In addition, given that BWP can be activated based on DCI signaling, delay reduction gain using RRC activation upon configuration seems not so significant. Therefore, we propose not to support activation of BWP upon BWP configuration via RRC signaling. 

Proposal 5: activation of BWP upon BWP configuration via RRC signaling is not supported.

DCI signalling can be used for dynamic activation and deactivation. With support of DCI activation and deactivation, it seems there is no need for dynamic MAC activate and deactivate BWP for simplicity at least for Rel-15. 
Proposal 6: MAC CE based activation/ deactivation is not supported.

However, since SCell activation is signalled via MAC layer, it would be good to support initial BWP activation when SCell is activated. For details, please refer to contribution [1]. As for timer based solution, RAN1 is considering either to introduce new timer or reuse DRX timer. Please refer to contribution [4] in which both timers are compared.
Proposal 7: Implicit BWP activation upon SCell activation without DCI signaling is supported.
If the above proposals are agreed, it would be good to send an LS to RAN1 to indicate RAN2 preference on BWP activation/deactivation. 
Proposal 8: Send an LS to RAN1 to indicate RAN2 preference on how BWP is activated/ deactivated.
2.3     Measurement of SS block on BWP
Below is the LS from RAN4 [3]:

1. Overall Description:

In last LS [1] RAN4 sent the agreement of definitions of intra and inter frequency SS block (SSB) based measurement in single SSB scenario, where the same cell transmits only one SSB. In RAN4 NR#3, RAN4 further discussed the definitions for multiple SSBs scenario, where multiple SSBs are transmitted in frequency domain in the serving cell of the UE. In RAN4 understanding, to make the UE measurement behaviour clear, the UE should be indicated with one specific SSB in the UE’s serving cell which is used for measurement for mobility purpose in multiple SSBs scenario. Hence RAN4 would like to inform RAN2 with the updated definitions which can cover both single and multiple SSB scenarios.

2. Updated definitions of intra and inter-frequency SS block based measurements:

SS block (SSB) based RRM Measurements:

· SSB based Intra-frequency Measurement: A measurement is defined as a SSB based intra-frequency measurement provided the center frequency of the SSB of the serving cell indicated for measurement and the center frequency of the SSB of the neighbour cell are the same, and the subcarrier spacing of the two SSBs are also the same.
· SSB based Inter-frequency Measurement: A measurement is defined as a SSB based inter-frequency measurement provided the center frequency of the SSB of the serving cell indicated for measurement and the center frequency of the SSB of the neighbour cell are different, or the subcarrier spacing of the two SSBs are different.
Based on RAN4 LS, it is our understanding that multiple SS block may be transmitted in different BWP but the network will only configure one SS block for RRM purpose. However, RAN4 didn’t mention if the configuration of the neighbouring is also limited to one SS block. For simplicity, it is reasonable for RAN2 to assume that the measurement configuration contains only a single SS block per cell for both serving cell and neighbouring cell.

Observation 4: One or more BWP may contain SS block but only one SS block is configured in the serving cell to the UE for RRM

Proposal 9: One SS block is configured per cell for both serving cell and neighbouring cells
The UE may move between different BWP based on network activation/ deactivation via DCI or a timer switching between active BWP and default BWP. In order to decide the RRM aspect and impact due to the introduction of BWP, we need to further understand more detail of the network configuration of the BWP in relation of SS block configuration. For example, if BWP 1 contains the configured SS block measurement, in this case, the UE does not require measurement gap to perform measurement of the serving cell when BWP1 is activated but requires measurement gap if BWP2 is activated. Table 1 below shows an example of different measurement gap requirement based on which BWP the UE is located. Cell 1 share the same centre frequency of the SS block with the serving cell, therefore no measurement gap is required. BWP 4 of the serving cell has a wider bandwidth but still share the same centre frequency of the SS block of BWP1. Therefore, no measurement gap is needed. For cell 2 and 3, they have different centre frequency of the SS block of the serving cell. Therefore, gap is required when the BWP 1 or 4 is activated. As you can see, different gap requirement for the same serving cell and neighbouring cells apply.  
	
	Serving cell BWP1
(SS block)
	Serving cell BWP2 
	Serving cell BWP3
	Serving cell BWP4
	Serving cell BWP5

	Cell 1
	No gap 
	Gap
	Gap
	No gap
	Gap

	Cell 2
	Gap
	Gap
	Gap
	Gap
	Gap

	Cell 3
	Gap
	No gap
	Gap
	Gap
	No gap

	Serving cell
	No gap
	Gap
	Gap
	No gap
	Gap


Table 1: Example of different measurement gap requirement when the UE is located in different BWP
Observation 5: The UE require measurement gap for serving cell if the active BWP doesn’t contain SS block that the network configured for RRM measurement
Observation 6: The UE doesn’t require measurement gap for serving cell if the active BWP contain SS block that the network configured for RRM measurement
Because of this dynamic change of BWP, the UE sometimes needs measurement gap and sometimes doesn’t. It can be seen that the UE is always configured measurement gap if there is more than one configured BWP. Then it is up to UE implementation to measure serving cell or neighbour cells on measurement gap or not. It would be good to send an LS to RAN4 to ask what the UE requirement in such case is. 

Proposal 10: Measurement gap is always configured to the UE if there is at least one BWP doesn’t contain SS block that the network configured for RRM measurement
Proposal 11: It is up to the UE implementation to measure serving cell or neighbour cells on measurement gap or not
Proposal 12: Send an LS to RAN4 regarding UE requirement in dynamic BWP scenario
3      Conclusion 
Observation 1: Initial BWP contains at least SS block.
Observation 2: Default BWP can be configured to be the same as initial BWP.

Observation 3: Default BWP can be configured as active BWP.

Observation 4: One or more BWP may contain SS block but only one SS block is configured in the serving cell to the UE for RRM

Observation 5: The UE require measurement gap for serving cell if the active BWP doesn’t contain SS block that the network configured for RRM measurement

Observation 6: The UE doesn’t require measurement gap for serving cell if the active BWP contain SS block that the network configured for RRM measurement
Proposal 1: For SA, RAN2 assumes both initial access UE and idle UE will be in initial BWP which contains at least SS block. 

Proposal 2: For SA, after the UE performs initial access on initial BWP, the initial BWP can be considered as active BWP until NW configures and activates another BWP.
Proposal 3: For SA and NSA, default BWP is configured via RRC signalling.

Proposal 4: RRC can configure a set of BWPs for UL and DL. 
Proposal 5: activation of BWP upon BWP configuration via RRC signaling is not supported.

Proposal 6: MAC CE based activation/ deactivation is not supported.

Proposal 7: Implicit BWP activation upon SCell activation without DCI signaling is supported.

Proposal 8: Send an LS to RAN1 to indicate RAN2 preference on how BWP is activated/ deactivated.
Proposal 9: One SS block is configured per cell for both serving cell and neighbouring cells
Proposal 10: Measurement gap is always configured to the UE if there is at least one BWP doesn’t contain SS block that the network configured for RRM measurement
Proposal 11: It is up to the UE implementation to measure serving cell or neighbour cells on measurement gap or not
Proposal 12: Send an LS to RAN4 regarding UE requirement in dynamic BWP scenario
4      Annex

88bis Working assumption:
· 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
AH#2 Agreements:
· bandwidth part which may or may not contain SS Blocks is supported

· The maximum supported number of unicast and dynamically scheduled NR-PDSCHs a UE can be expected to simultaneously receive is 2 on a per component carrier basis in case of one bandwidth part for the component carrier

· FFS in case of two or more bandwidth parts for the component carrier

· FFS the max number of corresponding NR-PDCCHs

· For partial-band CSI-RS, partial-band can be the same as bandwidth part

· FFS whether or not to have small values than the bandwidth of bandwidth part

· Primary focus is to complete the single active bandwidth part case
· If time is available later after completing the single active bandwidth part case, following cases should be considered for UE
· For a single carrier WB UE, multiple active bandwidth parts with different numerologies are configured for a UE simultaneously

· One TB is mapped per each active BWP. 

· FFS: The multiple active BWPs may overlap in frequency domain.

· FFS: Cross-BWP scheduling is supported.

· For FDD, separate sets of bandwidth part (BWP) configurations for DL & UL per component carrier

· The numerology of DL BWP configuration is applied to at least PDCCH, PDSCH & corresponding DMRS

· The numerology of UL BWP configuration is applied to at least PUCCH, PUSCH & corresponding DMRS
· For TDD, separate sets of BWP configurations for DL & UL per component carrier

· The numerology of DL BWP configuration is applied to at least PDCCH, PDSCH & corresponding DMRS

· The numerology of UL BWP configuration is applied to at least PUCCH, PUSCH & corresponding DMRS
· For UE, if different active DL and UL BWPs are configured, UE is not expected to retune the center frequency of channel BW between DL and UL
· 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
#89 Agreements:
· Note: for beam management, the reference numerology for a bandwidth part is determined based on the UE-specific configuration for the bandwidth part
· 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) 
· For the indication of active DL/UL bandwidth part(s) to a UE, the following options are considered (including combinations thereof)

· Option #1: DCI (explicitly and/or implicitly) 

· Option #2: MAC CE

· Option #3: Time pattern (e.g. DRX like)

· Details FFS

#90 Agreements:
· The maximum supported number of NR-PDCCHs corresponding to scheduled NR-PDSCHs that a UE can be expected to receive in a single slot is 2 on a per component carrier basis in case of one bandwidth part for the component carrier

· FFS the case of multiple BWPs for the component carrier if supported

· (Working assumption) In this case, at most a total of 2 CWs over the scheduled NR-PDSCHs

· 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

· 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

AH#3 Agreements:
· For each UE-specific serving cell, one or more DL BWPs and one or more UL BWPs can be configured by dedicated RRC for a UE

· FFS association of DL BWP and UL BWP

· FFS definition of an active cell in relation to DL BWP and UL BWP, whether or not there are cross-cell/cross-BWP interactions

· NR supports the case that a single scheduling DCI can switch the UE’s active BWP from one to another (of the same link direction) within a given serving cell

· FFS whether & how for active BWP switching only without scheduling (including the case of UL scheduling without UL-SCH)
· Maximum number of HARQ processes for unicast PDSCH is configured per cell for a UE

· FFS impact on DCI design
· 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
Working assumption:

· In case of cross-carrier scheduling, UESS search spaces for the scheduling cell and for the scheduled cell(s) are separated by offset(s) if they are in the same CORESET

· The offset(s) depends on CIF

· FFS details

· FFS the case of same DCI size (whether to have shared search space or not)
Agreements:
· UE can be configured to monitor group common CSS for at least pre-emption indication on a Scell

· UE can be configured to monitor SFI in group common PDCCH for a Scell at least on the same Scell,  or on a different cell (as a working assumption)
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