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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 considerations 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) 
· 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

This contribution investigates design considerations 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
At last meeting, RAN1 agreed to make a working assumption about BW part which can be configured to a UE semi-statically for RRC connected mode UE. The motivation of BW part configuration is to support wider BW compared to maximum BW capability of UE. The configured BW part is regarded as the operating BW of the UE at the instance. Network can configure multiple different BW part to RRC connected UEs to utilize wider BW efficiently. From UE side, at least one BW part should be configured and multiple BW parts can be configured by network decision based on UE BW capability. Multiple BW parts 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
Observation 1: Bandwidth part is beneficial for both network and UE from the spectrum utilization, scheduling flexibility and UE power saving.
According to the configuration of BW part, the UE understands the PHY channel structure and other related parameters based on indication in the BW part configuration. RRC connection setup message would be a right place to deliver UE BW capability so that network can decide proper BW part configuration to the UE. L1 signaling to configure the BW part is not a favorable option since the information size for BW part may be too much in L1 signal. Furthermore the configured BW part may impact to other RRC related procedures such as RRM measurement. So reconfiguration of the BW part should be involved by RRC.
Proposal 1: One or multiple bandwidth part should be configured to UE by RRC dedicated signaling.
The behavior of UE is restricted and segmented into the configured BW part, like CC in LTE. So UE monitors DL control channel which is defined in the BW part and measure CSI-RS for CSI feedback. If UE is assigned for DL in the BW part, UE performs HARQ procedure for the DL assignment. Since NR basically supports TDD, UE performs HARQ procedure for the UL grant in the BW part. In case of FDD, it needs further discussion how to configure UL resource.

2.2 Activation/deactivation of bandwidth part
From last RAN2 meeting, an issue of higher power drain due to monitoring wider BW was raised during DRX discussion on DRX parameters. Since DRX concerns just time domain, DRX configuration is not sufficient to control the bandwidth adaptation. The bandwidth part configuration by RRC would be rather useful for BW adaptation, because the configured BW part information is commonly required for both BW adaptation for DL control channel monitoring and BW part-based scheduling. By the way, it needs further discussion how BW part configuration is related to DRX operation. 
Proposal 2: The bandwidth part configuration supports bandwidth adaptation during DL control channel monitoring for connected mode UE from the battery lifetime aspect. 
There are three options being considered for indication of active bandwidth part in RAN1 – DCI, MAC CE, and time pattern.  Network may indicate via DCI explicitly active BW part among RRC configured multiple BW parts. Due to the potential loss of DCI reception, DCI indication demands error-prone protocol such as feedback by UE or implicit confirmation by using redundant control signaling via multiple BW parts. If active BW part is frequently changed or indicated among many number of BW parts, DCI indication may incur much signaling overhead. MAC CE indication has also a similar overhead issue as DCI, but provides more robustness than DCI. Meanwhile, pattern-based approach is free from the signaling error since network and UE already shares the rule about which BW part is active at a time instance. 
Observation 2: DCI, MAC CE, and pattern in time can be used to indicate active bandwidth part among RRC-configured bandwidth parts. Time pattern is useful to avoid signaling overhead to compensate the potential signaling loss. 
Proposal 3: From the RAN2 perspective, time pattern-based indication of active bandwidth part is considered as complementary to DCI or MAC CE-based indication. 
The time pattern may be like a square pulse which comprises narrow and wide BW parts. The pattern may be designed simply with respect to absolute time index such as SFN or subframe index.  However simple absolute time pattern lacks the adaptability to traffic activity. Generally keeping wide BW part is preferred when traffic is continuously arrived in DL or generated in UL. On the contrary, keeping narrow BW part is beneficial for power saving when traffic is sparsely arrived or inactive. Considering to that observation, event-based indication of active bandwidth part seems reasonable.
Observation 3: Event-based indication of active bandwidth part is beneficial to adapt to traffic arrival pattern.
In case of transition Connected to Idle mode, keeping wide BW part can be enabled by parameters like DRX related such as On Duration timer or Inactivity timer. A difference from DRX operation is a step-wise BW downsizing according to traffic arrival pattern. For example, if UE is configured by a wide BW part and a narrow BW part, UE starts from the wide BW part during On Duration and may transit to narrow BW part after Inactivity timer is expired. However it needs to be discussed how event-based indication of active BW part is related to DRX configuration.
Proposal 4: RAN2 studies further on mechanism for time pattern of active bandwidth part.

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

Observation 1: Bandwidth part is beneficial for both network and UE from the spectrum utilization, scheduling flexibility and UE power saving.
Observation 2: DCI, MAC CE, and pattern in time can be used to indicate active bandwidth part among RRC-configured bandwidth parts. Time pattern is useful to avoid signaling overhead to compensate the potential signaling loss. 
Observation 3: Event-based indication of active bandwidth part is beneficial to adapt to traffic arrival pattern.

Proposal 1: One or multiple bandwidth part should be configured to UE by RRC dedicated signaling.
Proposal 2: The bandwidth part configuration supports bandwidth adaptation during DL control channel monitoring for connected mode UE from the battery lifetime aspect. 
Proposal 3: From the RAN2 perspective, time pattern-based indication of active bandwidth part is considered as complementary to DCI or MAC CE-based indication. 
Proposal 4: RAN2 studies further on mechanism for time pattern of active bandwidth part.
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