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1 Introduction
In the last RAN1#88b meeting, the following working assumption on bandwidth part configurations was made [1]:
· 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
In this contribution, we discuss important aspects of bandwidth parts such as configuration, switching operation, handling of lost UE, and the support of multiple numerologies. 
	
	
	
	
	
	
	


2 Motivations of bandwidth parts 

Per the working assumption made in RAN1#88b meeting, one or multiple bandwidth parts can be semi-statically configured to a UE. The use of bandwidth parts can be envisioned in the following example scenarios:
· Frequency range (BW, center frequency) adaptation to larger BW for high data rate 
· Adaptation of DL reception bandwidth from a small bandwidth to a larger bandwidth in cases of large BW PDSCH scheduling (e.g., 10 MHz for one bandwidth part and 50 MHz for another bandwidth part)
· Adjustment of UL transmission bandwidth to a larger one in accordance to the scheduled bandwidth for PUSCH
· Different numerology (subcarrier spacing, slot length) on different bandwidth parts

· Different services like eMBB and URLLC may be configured with different numerologies
The power consumption of RF, A/D and D/A converters and digital front end increase as the RF bandwidth becomes wider. The baseband power consumption mainly depends on the FFT size and the data rate. As it was agreed in RAN1#88, the maximum NR component carrier bandwidth is 400 MHz. Thus, high power consumption is expected even at low data rate or while idling mainly because of the RF power consumption. Therefore, having the operating bandwidth adjustment capability depending on the data rate can be beneficial in terms of reducing the UE power consumption. If a UE is configured with small bandwidth part, it can benefit from low power consumption. When high data rate is demanded, the bandwidth part can be switched to a wider one. Such a wide bandwidth part could be equal to that of the component carrier configured to the UE in accordance to the UE’s bandwidth capability. 
Another use case can be the scenarios in which multiple numerologies should be supported on an NR cell. For example, in cases that slot based transmissions for a URLLC service is employed in a cell, larger subcarrier spacing can be configured to the bandwidth part for the URLLC service in order to have short slot length for reduced latency, with using separate time-frequency resources from the eMBB service. 

Proposal 1: Adopt the working assumption on the bandwidth part as an agreement. 
	
	
	
	
	
	
	


3 Bandwidth part configurations 

Per the working assumption, a bandwidth part configuration may include properties such as numerology, frequency location, and bandwidth. It is described in the left-hand side figure below. 
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Figure 1. Bandwidth part configuration and an example of overlapping bandwidth parts
The numerology signalling may include both the subcarrier spacing and slot duration as they can be different depending on the use cases. The frequency location of the bandwidth part can be indicated as an offset to the reference frequency of the component carrier. The reference frequency can be, for instance, center of the corresponding CC, a DC subcarrier location (as the DC subcarrier is not necessarily located at the center), or either edge of the component carrier. The offset can be indicated in the unit of PRB, or in the unit bandwidth, e.g., n MHz. The bandwidth can be indicated in the unit of PRB as it is described in the working assumption. 
Proposal 2: The followings are attributes of bandwidth part configuration.
· Numerology: subcarrier spacing, slot duration 
· Frequency location: as an offset to a reference frequency of the component carrier
· Bandwidth: number of PRBs
The bandwidth part can be commonly applied to both DL and UL in the case of unpaired spectrum. The bandwidth part can be separately applied to DL and UL in the case of paired spectrum and also unpaired spectrum depending on the use cases.
The maximum number of bandwidth parts that can be configured per UE can be limited to a certain number, i.e., N configurations. This can be used to design the bandwidth part switching command such that the number of bits necessary for the bandwidth part indication can be limited as log2 N. 
Proposal 3: The maximum number of bandwidth parts that can be configured per UE is limited to a certain number N.
Different bandwidth parts can have overlapping frequency range, partially or entirely, as illustrated in the right-hand side figure in Figure 1. An advantage of allowing the overlapping bandwidth parts versus disjoint bandwidth parts could be signalling overhead. Let’s assume that each UE can be maximally configured up to N configurations. Then, to indicate the configuration ID, log2 N bits are necessary. If bandwidth parts are disjoint and if it is necessary to activate a bandwidth which spans over multiple bandwidth parts, let’s say k parts, the switching command needs to include k*log2 N bits. A bigger problem is that the required number of bits will change with the number of simultaneously activated bandwidth parts, i.e., k, which will impact the DCI design for switching command. On the other hand, if overlapping bandwidth parts are allowed, such a wide bandwidth part can be RRC configured and activated with single ID indication. 

Proposal 4: Bandwidth parts can overlap. 

The bandwidth part switching command can be either via dynamic signalling or RRC signalling. We think that the responsiveness to the varying traffic demand is important with the introduction of bandwidth part. Therefore, we prefer switching command to be sent via dynamic signalling. 
4 Bandwidth part switching time 

The bandwidth part switching requires processing time for switching command, settling time for RF retuning, A/D, D/A converter, AGC, etc. The total time can be quite dependent on each UE implementation. The supported switching time can be up to UE capability and UE can signal the gNB on the supported minimum switching time. It is the case for left-hand side figure below that the required processing time is within a configured slot duration. The right-hand side figure below is for the case when the required processing time is within two slot duration but greater than one slot duration.
[image: image3.emf]CC 

BW

Bandwidth part 

adaptation 

command

Slot 

duration

            [image: image4.emf]CC 

BW

Bandwidth part 

adaptation 

command

Slot 

duration


Figure 2. Bandwidth part retuning time

Proposal 5: The supported switching time is UE capability, which is signaled to gNB. A UE may assume the switching time reported to gNB as default switching time. Otherwise, the switching time can be dynamically signaled in the bandwidth part switching command. 

5 Handling of lost UE 
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Figure 3. Illustration of a lost UE problem

The lost UE problem arises when a UE misses the bandwidth part switching command. Unless the target bandwidth part to switch entirely includes the current bandwidth part, if the UE misses the switching command, the UE cannot receive any more control message and, thus, data. A UE may switch to a default bandwidth part if the previously received switching command has been outdated and not receiving any message destined to the UE for a certain amount of time. The default bandwidth part can be one particular bandwidth part agreed between the UE and the gNB. The total component carrier bandwidth can be one example of the default bandwidth. If the gNB wants the UE to stay in one bandwidth part, then the gNB can reconfirm the current bandwidth part by sending the switching command indicating the current configuration ID. 
Proposal 6: A UE may switch to a default bandwidth part if the previously received switching command has been outdated and not receiving any message destined to the UE for a certain amount of time.
6 UE operations for multiple numerologies
In this section, we discuss UE operations for cases that multiple bandwidth parts are configured, especially the cases that different subcarrier spacings are configured for the respective bandwidth parts. As discussed in the previous section, each bandwidth part can be independently configured for subcarrier spacing and different subcarriers can also be configured on different bandwidth parts.   
Let’s first consider a case that different bandwidth parts are configured with identical subcarrier spacing and CP type like the cases that different types of services are provided on different bandwidth parts. The UE may be able to support the simultaneous reception or transmission on the multiple bandwidth parts by expanding the RF bandwidth and FFT size so as to cover an aggregate bandwidth resulting by combining the bandwidths of the respective bandwidth parts. 
On the other hand, in cases that different subcarrier spacings are configured on different bandwidth parts, the UE would have to be equipped with multiple FFT blocks and operate them at the same time in order to receive or transmit simultaneously on the multiple bandwidth parts with using different subcarrier spacings. This can significantly increase the baseband implementation and computation complexity. In this regard, a baseline operation mode which can apply to all the UEs regardless of the UEs’ capability would be TDM based operations between the bandwidth parts, in which the UEs operate on bandwidth parts with different numerologies in different time intervals. Support of simultaneous transmission or reception on the bandwidth parts configured with different numerologies can be considered focusing on high capability UEs. 
Proposal 7: Simultaneous transmission or reception on multiple bandwidth parts with different numerologies is not necessarily supported by all UEs.
7 Conclusion 

In this contribution, we discussed important aspects of bandwidth parts such as configuration, switching operation, handling of lost UE, and the support of multiple numerologies. The following proposals were driven:
Proposal 1: Adopt the working assumption on the bandwidth part as an agreement. 
Proposal 2: The followings are attributes of bandwidth part configuration.
· Numerology: subcarrier spacing, slot duration 
· Frequency location: as an offset to a reference frequency of the component carrier. 
· Bandwidth: number of PRBs
Proposal 3: The maximum number of bandwidth parts that can be configured per UE is limited to a certain number N.
Proposal 4: Bandwidth parts can overlap. 
Proposal 5: The supported switching time is UE capability, which is signaled to gNB. A UE may assume the switching time reported to gNB as default switching time. Otherwise, the switching time can be dynamically signaled in the bandwidth part switching command. 
Proposal 6: A UE may switch to a default bandwidth part if the previously received switching command has been outdated and not receiving any message destined to the UE for a certain amount of time.
Proposal 7: Simultaneous transmission or reception on multiple bandwidth parts with different numerologies is not necessarily supported by all UEs.
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