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Discussion
At RAN1 #89 there were agreements on the concept of bandwidth parts:

Agreements:
· 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 this paper we outline what we see as the main “use cases” for the concept of bandwidth parts and what those may imply in terms of what needs to be supported by the concept of bandwidth parts.
Discussion
Support for bandwidth-limited UEs
[bookmark: _GoBack]One critical aim of the concept of bandwidth parts is to enable devices with a bandwidth capability (downlink and uplink) that is less than the network carrier bandwidth.
To support this in its most basic form, there is a need for the configuration of a single downlink bandwidth part and a single uplink bandwidth part, both limited to the UE bandwidth capability in each transmission direction. If there is only a single configured bandwidth part in each transmission direction, activation of the bandwidth part could be semi-static and implicit as part of the configuration.
Proposal: A bandwidth part can be semi-statically activated as part of its configuration
All configured CORESETS as well as all PDSCH transmission should be confined to the single active downlink bandwidth part. Similarly, all uplink PUSCH and PUCCH transmission should be confined to the single active uplink bandwidth part.
If there is a need for a UE to, periodically, receive downlink transmissions for example common downlink signaling, outside the configured downlink bandwidth part, additional downlink bandwidth parts can be configured. Activation/deactivation of the different bandwidth parts could then be done periodically according to a configured pattern, i.e. no explicit signaling for bandwidth-part activation/deactivation would be needed.
Proposal: A change of active bandwidth part can be periodically triggered

Support for downlink bandwidth adaptation for UE energy saving
Another aim of the concept of (downlink) bandwidth parts is to enable UE energy saving by allowing for PDCCH monitoring over a more narrow reception bandwidth while a wider downlink transmission bandwidth can be used in case of a sequence of PDSCH transmissions (note that this is only relevant for the downlink direction). 
In this case, two downlink bandwidth parts need to be configured.
· A more narrowband bandwidth part (BP1) active in the “low-energy state”
· A more wideband bandwidth part (BP2) in the “non-so-low-energy state”
It seems like a reasonable restriction to assume that BP1 is fully confined within BP2.
At least a subset of the CORESETs configured for the UE should be confined within BP1. In the low-energy state BP1 is active and UE is monitoring PDCCH. Deactivation of BP1 and simultaneous activation of BP2 can be triggered by DCI. Although triggering by explicit signaling is possible, implicit triggering where the reception of a downlink scheduling assignment in itself triggers BP1-deactivation/BP2-activation, seems more straightforward.
Proposal: 	A change of active downlink bandwidth part can be implicitly triggered by the reception of a downlink scheduling assignment without any explicit triggering signal
Once BP2 has been activated, PDCCH can in principle be transmitted also outside of  BP1. However, it would be more robust to constrain PDCCH transmission to BP1 even though BP2 has been activated.  This is possible under the assumption that BP1 is fully confined within BP2.
Deactivation of BP2 and simultaneous reactivation of BP1 could also be triggered by DCI. Alternatively, BP2-deactivation/BP1-reactivation can be timer triggered, i.e. occur when the UE has not received any downlink scheduling assignment over a certain time.
Proposal: 	A change of active downlink bandwidth parts can be timer-triggered, for example occur when a UE has not received any downlink scheduling assignment over a certain time.
Note that a scheduled PDSCH transmission may start before the UE has decoded the DCI that carries the corresponding scheduling assignment. When a downlink scheduling grant triggers a BP2 activation, the corresponding PDSCH transmission may thus still have to be confined within BP1.
Support mixed numerology for a single UE. 
NR should support the use of mixed numerology, including the possibility for UEs to operate with multiple numerologies (for each transmissions direction) simultaneously. This includes the case of truly simultaneous reception (or transmission) on multiple numerologies as well as the case of dynamic TDM of different numerologies.
It appears to be reasonable to assume that a scheduled PDSCH transmission and the PDCCH carrying the corresponding scheduling assignment uses the same numerology, at least in case of same-carrier scheduling.
Proposal: In case of same-carrier scheduling, a scheduled PDSCH transmission and the PDCCH carrying the corresponding scheduling assignment uses the same numerology
According to the RAN1 #89 agreement, a configured bandwidth part is associated with a specific numerology (sub-carrier spacing and cyclic prefix). A UE operating with multiple numerologies thus has to have multiple configured bandwidth parts active simultaneously. 
Observation: 	Multiple simultaneously active numerologies for one UE implies multiple simultaneously active bandwidth parts, one for each active numerology. 
Note that different active bandwidth parts corresponding to different active numerologies, could very well overlap. In that case, the scheduler would ensure that transmissions of different numerologies do not cause unacceptable interference to each other. This could be done scheduling different numerologies by means of TDM or by means of FDM with sufficient intra-carrier guardband. 
Proposal: Simultaneously active bandwidth parts of different numerology may overlap in the frequency domain.

It should be noted that all the different “use cases” above do not necessarily have to be supported by the first NR release. It may be preferred to focus the first release on the support for the most import “use cases” while ensuring that the concept of bandwidth parts can be extended to support more complex scenarios in later releases. 
Proposals
Proposals:
· A bandwidth part can be semi-statically activated as part of its configuration 
· A change of active bandwidth part can be periodically triggered
· A change of active downlink bandwidth part can be implicitly triggered by the reception of a downlink scheduling assignment without any explicit triggering signaling
· A change of active downlink bandwidth parts can be timer-triggered, for example occur when a UE has not received any downlink scheduling assignment over a certain time.
· Other means of activation are not precluded
Proposal: In case of same-carrier scheduling, a scheduled PDSCH transmission and the PDCCH carrying the corresponding scheduling assignment uses the same numerology
Proposal: Simultaneously active bandwidth parts of different numerology may overlap in the frequency domain.
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