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Introduction and background
At RAN1 #88bis, the concept of bandwidth part was introduced by means of an agreed working assumption.
----------RAN1 #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
----------------------------

However, there are still several question marks regarding the concept of bandwidth part. For example:
· The above working assumption does not say anything about the purpose of the concept of bandwidth part. This is in some sense appropriate for a 3GPP agreement. However, understanding the purpose of a proposed and almost agreed functionality is obviously of some importance. More importantly there are indications that different companies may see partly different purposes and if that is the case it is obviously important to understand if these different purposes can be covered by a single bandwidth-part concept.
· The above working assumption only states that a bandwidth part can be signaled/configured. However, it does not really say anything about what this implies in terms of, for example, what transmissions, if any, would potentially be limited to a certain configured bandwidth part. Furthermore, it does not discuss whether the concept of bandwidth parts is valid for downlink or uplink or both. 
· It is unclear if the above working assumption implies that the concept of bandwidth part has to be explicitly covered in the specification or if it can be covered by other already agreed functionality.
The purpose of bandwidth parts
We see the introduction of the concept of bandwidth parts to be mainly related to the following properties of NR:
1. NR should allow for UEs with a bandwidth capability that is less than the maximum network carrier bandwidth. 
2. In order to enable enhanced UE energy performance, NR should also allow for adapting the UE reception bandwidth to be less than the UE downlink bandwidth capability.  
The first property means that a UE can only receive part of an overall network carrier. Thus the UE must be configured or, other means, directed to tune its receiver to a certain part of the network carrier. The network must then ensure that any, for the UE, relevant downlink transmissions, are confined to that carrier part. 
The second property implies that the part of the network carrier that the UE receiver is “configured” to captured may have a bandwidth that is smaller than the UE receiver bandwidth capability.
Adapting/reducing the UE reception bandwidth below the UE receiver bandwidth capability in order to enable enhanced energy performance is especially relevant with regards to PDCCH monitoring. On the other hand, one could argue that, from a UE energy-performance point-of-view, PDSCH should preferable be received during as short time as possible with as high data rate as possible. 
Thus the concept of bandwidth part should make it possible to reduce the UE reception bandwidth when the UE is (only) monitoring PDCCH. 
The concept of CORESET already provides the possibility to limit UE PDCCH monitoring to a part of the overall network carrier. However, this does not necessarily mean that the concept of CORESET is a sufficient tool for UE reception-bandwidth reduction for enhanced UE energy performance. 
Once a UE configured with a reduced reception bandwidth for PDCCH monitoring has received a scheduling assignment it should open up, and potentially also frequency-domain re-position, its receiver for sub-sequent PDSCH reception. However, this will take a certain time as indicated in the RAN4 LS response [1]. Furthermore, PDSCH transmission may start in the same symbol as the PDCCH, making it impossible to open up the receiver at least for the initial part of the PDSCH reception. Thus, any reduction in the reception bandwidth for PDCCH monitoring will also also restrict the reception bandwidth for initial PDSCH reception. In order to provide additional scheduling flexibility while, at the same time, enabling UE energy saving it may therefore be beneficial to be able to explicitly configure a UE with a reduced reception bandwidth larger than the bandwidth covered by the configured CORESET.
Thus there may be relevant to be able to configure a UE with two different reception bandwidths parts: 
· A first smaller bandwidth part over which the UE can receive PDSCH at any time. This first bandwidth should at least cover the bandwidth over which a UE should monitor for PDCCH, i.e. it should at least cover the union of the CORESETs configured for the UE. 
· A second bandwidth part over which the UE can receive PDSCH for example a certain time after the reception of a valid DCI. 
The following should be noted: 
· The size of the CORESETs configured for a UE, and as a consequence, the first bandwidth part, may vary in time.
· The time needed for a UE to “reconfigure” to the wider second bandwidth part may depend on if the reconfiguration implies only change of bandwidth or also a re-position in the frequency domain.
· The bandwidth and frequency-domain location of the second bandwidth part may depend on information carried within the DCI.
Relation to numerology
UE bandwidth capability and the possibility to adapt the UE reception bandwidth for enhanced UE energy performance is primarily related to absolute bandwidth measured in MHz. At the same time, it is probably more straightforward to express UE bandwidth capability, as well as the configuration of reduced reception bandwidth in a more easily defined measures such as number of resource blocks. This means that bandwidth parts may, in some sense, be numerology dependent. 
However, as discussed in a separate paper [2], it should not be an assumption that different numerologies within a carrier are always separated into different frequency-non-overlapping subbands. Rather, this is a scheduling function, possible in combination with RAN4-specified functionality related to intra-carrier spectrum confinement. 
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