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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).
This contribution investigates remaining design considerations and signaling to support wider BW in NR; especially about flexible BW support based on bandwidth part.
2. 	Design Issues for Bandwidth Part
2.1 Summary of RAN1 agreement on BWP
RAN1 agreed on BWP which can be configured to a UE semi-statically for RRC connected mode UE. BWP is a group of contiguous PRBs and UE is not required to receive any DL signal outside of the active BWP. The motivation of BWP 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
· 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
· Relationship between CA & BWP
· 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
· 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
· The initial active DL BWP is defined as frequency location and bandwidth of RMSI CORESET and numerology of RMSI.
· For paired spectrum and SUL, the frequency position and bandwidth of the initial active UL BWP can be configured in RMSI. 
· For unpaired spectrum, initial active DL and initial active UL BWP share the same center frequency and the bandwidth of the initial active UL BWP can be configured in RMSI.
· 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 PCC
· 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
· 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
· Active BWP operation
· 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
· 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
· 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 scheduling 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

2.2 Procedures/signaling to support BWP
Issue A. CA & BWP configuration
RAN1 agreed the maximum number of BWPs for DL, UL or SUL as at most 4 respectively. Even though existing RAN2 agreement assumes the number of BWP is configured per serving cell and SUL is also configured in the same serving cell, SUL should be separately managed like additional cell which is actually a supplementary “carrier”. RAN1 already agreed to support at most 4 BWPs for SUL carrier. We interpret the agreement as supporting of separate configuration for SUL BWP, in single serving cell. Please note that RAN2 agreed that RRC signalling supports to configure 1 or more BWPs (both for DL BWP and UL BWP) for a serving cell (PCell, PSCell), and to configure 0, 1 or more BWPs (both for DL BWP and UL BWP) for a serving cell SCell (at least 1 DL BWP).
Proposal 1: For a serving cell, RRC signalling supports to configure up to 4 BWPs both for DL BWP and UL BWP respectively.
Proposal 2: For a serving cell, RRC signalling supports to configure up to 4 BWPs for SUL BWP, if SUL carrier is configured.
After UE establishes SRB1 via RRC connection establishment procedure, UE may deliver UECapabilityInformation with BWP-related RF information to network upon UECapabilityEnquery for initial attach. Once the BWP-related information RF information is stored in MME, network may configure one or more BWPs without enquiry. The configuration information for dedicated BWP can be included in rrcConnectionReconfiguration like message, which is sent after UE capability information is received by gNB. UE can be configured with multiple BWPs If the rrcConnectionReconfiguration like message does not contain the BWP configuration, UE setup first DL/UL BWP and default DL BWP from the initial active DL/UL BWP.
Proposal 3: rrcConnectionReconfiguration like message may contain BWP configuration.
Proposal 4: The first DL/UL BWP and the default DL BWP (or DL-UL BWP pair) of UE is same as the initial active DL/UL BWP, if UE is not configured for BWP configuration by rrcConnectionReconfiguration.

Issue B. Initial & first active BWP 
RAN1 discussed generally on initial and first active BWP, but did not consider them from the RAN2 procedure and signaling perspectives. Rather than the vague definition from RAN1, it is better to clearly distinguish both initial and first active BWP based on tangible condition at RRC while keeping intention from RAN1. It is noted that BWP is defined UE-specifically only for Connected UE. And the followings can be configured per serving cell or optionally per carrier (i.e. SUL).
- Initial active BWP:
It is a DL or a UL BWP which is inherited from the configuration for initial access of UE. UE operates at the initial active DL/UL BWP until the UE is explicitly (re)configured with BWP(s). According to RAN1 agreements, the initial active DL BWP is defined as attributes (i.e. numerology and BW information) of RMSI CORESET. During last RAN1 email discussion, the initial active UL BWP may be defined in RMSI or based on attributes of DL BWP.
- First active BWP:
  It is a DL or a UL BWP where UE operates after RRC connection reconfiguration completes. By the definition, it supports SCell/SCG addition, HO procedure and LTE-NR DC in addition to connection establishment following initial access.
Proposal 5: RAN2 defines types of active BWP as following:
· Initial active BWP is defined at PCell as DL/UL BWP which is used for UE right after RRC connection establishment complete.
· First active BWP is defined per serving cell as DL/UL BWP which is activated for UE right after RRC connection reconfiguration complete.
Based on the proposed definitions, we can identify which type of BWP is applied for which type of cells. We needs RAN2 confirmation for each cases as below:
Proposal 6: RAN2 confirms the following configuration cases per type of cell/carrier:
· For PCell, at most one initial active BWP is configured in MSI for DL and RMSI for UL respectively.
· For PSCell, at most one first active DL/UL BWP is configured in RRC dedicated signaling.
· For SCell, at most one first active BWP is configured in RRC dedicated signaling for either DL only or DL/UL.
· For SUL in PCell, at most one initial active SUL BWP can be configured in RMSI.
· For SUL in PSCell/SCell, at most one first active SUL BWP can be configured in RRC dedicated signaling.
Regarding SUL case, RAN1 discussed how UE can select which UL carrier. According to RAN1 agreement, UE determines a UL carrier based on measurement quality of the serving cell and trigger contention-based RA to perform initial access procedure on the selected UL carrier. For SCell, on the other hand, UE will not execute initial access procedure and network can decide which carrier is suitable to the UE. Therefore it should be supported that network indicates which carrier or which first UL active BWP among two is actually activated.
Proposal 7: If a SCell is configured with each first active UL BWP for normal UL and SUL carrier, network indicates to UE which carrier or which first active UL BWP is actually activated.
For LTE-NR DC deployment, since rrcConnectionReconfiguration-like message is sent by NR SN, then LTE MN just transparently forwards the message to UE. Therefore UE does not need to acquire configuration of initial active DL/UL BWP via MIB/SIB.
Proposal 8: For LTE-NR DC, at most one initial active DL/UL BWP is configured in RRC dedicated signaling sent by NR SN.
Since UE should operate RA procedure (i.e. msg2/3/4 and HARQ A/N to msg4) during HO procedure, network should indicate first active DL/UL BWP for RA procedure.
Proposal 9: For HO, at most one first DL/UL active BWP is configured in RRC dedicated signaling in HO command.
PCell may indicate RRC connection release to UE, and then the UE should release all BWP configurations. On the other hand, RLF may be triggered due to severe channel quality, and then UE release all BWP configurations and reacquire initial active DL/UL BWP from the selected cell.
Proposal 10: UE releases all BWP configurations upon RRC connection release or RLF declaration.

Issue C. BWP activation/deactivation
Even though single active BWP is prioritized, the design should support multiple active BWPs scenarios for future proof.  The switching is a temporal interpretation of activation/deactivation to UE with limited RF BW capability. RAN1 did not agree yet on non-scheduling DCI to indicate BWP switching or activation/deactivation. Common modeling is preferred to describe switching or activation/deactivation regardless of UE BW capability. BWP switching is indicated by network via scheduling DCI indicating current deactivated BWP. Then Rel-15 UE deactivates existing activated BWP, but UE with more capacity may keep active the existing activated BWP. From RAN2 specification point of view, BWP switching will not be aware, but state of BWP caused by BWP switching will be aware. In that sense, we propose activation and deactivation as modeling of BWP switching in MAC layer. In addition, we prefer to introduce BWP deactivation timer to let MAC/RRC be aware of the state of BWP without L1 intervention. 
Proposal 11: In MAC/RRC layer, BWP switching is specified in terms of BWP activation and deactivation.
Proposal 12: BWP deactivation state is determined by means of BWP deactivation timer. For Rel-15, the BWP deactivation timer is set to zero (i.e. always deactivated upon BWP switching).

3. Summary
Based on the discussion and identified observations in this contribution, we propose followings:

CA & BWP configuration
Proposal 1: For a serving cell, RRC signalling supports to configure up to 4 BWPs both for DL BWP and UL BWP respectively.
Proposal 2: For a serving cell, RRC signalling supports to configure up to 4 BWPs for SUL BWP, if SUL carrier is configured.
Proposal 3: rrcConnectionReconfiguration like message may contain BWP configuration.
Proposal 4: The first DL/UL BWP and the default DL BWP (or DL-UL BWP pair) of UE is same as the initial active DL/UL BWP, if UE is not configured for BWP configuration by rrcConnectionReconfiguration.

Initial & first active BWP
Proposal 5: RAN2 defines types of active BWP as following:
· Initial active BWP is defined at PCell as DL/UL BWP which is used for UE right after RRC connection establishment complete.
· First active BWP is defined per serving cell as DL/UL BWP which is activated for UE right after RRC connection reconfiguration complete.
Proposal 6: RAN2 confirms the following configuration cases per type of cell/carrier:
· For PCell, at most one initial active BWP is configured in MSI for DL and RMSI for UL respectively.
· For PSCell, at most one first active DL/UL BWP is configured in RRC dedicated signaling.
· For SCell, at most one first active BWP is configured in RRC dedicated signaling for either DL only or DL/UL.
· For SUL in PCell, at most one initial active SUL BWP can be configured in RMSI.
· For SUL in PSCell/SCell, at most one first active SUL BWP can be configured in RRC dedicated signaling.
Proposal 7: If a SCell is configured with each first active UL BWP for normal UL and SUL carrier, network indicates to UE which carrier or which first active UL BWP is actually activated.
Proposal 8: For LTE-NR DC, at most one initial active DL/UL BWP is configured in RRC dedicated signaling sent by NR SN.
Proposal 9: For HO, at most one first DL/UL active BWP is configured in RRC dedicated signaling in HO command.
Proposal 10: UE releases all BWP configurations upon RRC connection release or RLF declaration.

BWP activation/deactivation
Proposal 11: In MAC/RRC layer, BWP switching is specified in terms of BWP activation and deactivation.
[bookmark: _GoBack]Proposal 12: BWP deactivation state is determined by means of BWP deactivation timer. For Rel-15, the BWP deactivation timer is set to zero (i.e. always deactivated upon BWP switching).
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