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1 Introduction
Bandwidth adaptation was discussed during the RAN1#88bis meeting, and the following agreements were made:
	Agreement:
· For single-carrier operation,
· UE is not required to receive any DL signals outside a frequency range A which is configured to the UE

· The interruption time needed for frequency range change from frequency range A to a frequency range B is TBD

· Frequency ranges A & B may be different in BW and center frequency in a single carrier operation


Furthermore, the following working assumption was reached:

	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


This contribution discusses bandwidth adaptation configuration taking into account the latest agreements.
2 Discussion
NR design is targeting to support larger channel bandwidth per carrier compared to LTE. Indeed, during the NR study item phase, it was agreed to support up to 400 MHz channel bandwidth per single carrier in Rel-15 [2]. At the same time, it is essential for NR to enable efficient power saving mechanisms for the UE. Bandwidth adaptation is an effective means for reducing UE power consumption, particularly when the UE receiver bandwidth reduction is large. In fact, according to LS response from RAN4 [3], the RF bandwidth adaptation can provide UE power saving at least if carrier bandwidth before adapdation is large (e.g. ≥ 20MHz).
Observation 1:
UE power savings should be the priority consideration for bandwidth adaptation.
During RAN1#88bis meeting, some companies discussed the need for enabling changes of center frequency along with bandwidth adaptation (for example changing between two different bandwidth parts with different center frequencies). In general a change of operating center frequency does not enable UE power savings, but rather enables the network to perform load balancing and radio resource management. 

Observation 2:
Change of carrier frequency is mostly useful for radio resource management.
Thus in our view change of carrier frequency should be discussed separately from pure change of receiver bandwidth (i.e. bandwidth adaptation).
2.1 Bandwidth Adaptation for UE Power Savings
In downlink operations, the UE power consumption increases with the size of configured RF receiver bandwidth.  Motivated by this and the fact that UE is not expected to continuously receive data, it was agreed in RAN1 to support variable receiver bandwidth i.e. UE monitors downlink (e.g. control) channels with small RF bandwidth (i.e. “narrowband”) while being able to receive with larger bandwidth when necessary (i.e. “wideband”) after a reconfiguration time, and vice-versa.  
Explicit network control

The network should control the UE receiver bandwidth because it is aware of the UE traffic and scheduling:

Proposal 1: 
The UE receiver bandwidth state is controlled by the network.
Furthermore, since efficient power saving can be obtained by adapting to the traffic, bandwidth adaptation should be controlled at least dynamically, e.g. using DCI control:
Proposal 2: 
The UE receiver bandwidth state is dynamically controlled by the network at least using DCI signalling.
Autonomous UE control

While bandwidth reduction was not possible in LTE due to the design of the PDCCH, power saving mechanisms were nonetheless introduced in the time domain.  DRX in LTE allows the UE to turn off at least parts of its receiver at times when it is known that it will not be scheduled.  DRX is controlled by the eNB using DRX configuration, activation/deactivation and scheduling activity.
Thus the need for monitoring PDCCH and the bandwidth requirements are both linked to a UE traffic and scheduling activity. It is thus reasonable to consider BW adaptation and DRX as part of the same UE power saving mechanism.
Observation 3:
Bandwidth adaptation and DRX are both scheduling-related and share a similar objective.
It is proposed to use a similar mechanism as DRX basic mechanism to enable fast receiver bandwidth state transitions, for example from a low data activity state to a high data activity state. During period of low data activity, the UE would use narrow bandwidth and upon detection of data activity the UE would transition to a wideband configuration.  

One practical example could be for the UE to change its receiver bandwidth from a narrowband configuration to a wideband configuration upon reception of scheduled data.  Otherwise the UE could remain in narrowband configuration to monitor the control resource set during the DRX periodic “on time” (i.e. when the onDurationTimer is running).  The UE could further autonomously change its receiver bandwidth based on an inactivity timer.

RAN2 is currently discussing DRX. From RAN1’s perspective, the following principle is proposed:

Proposal 3:
The UE receiver bandwidth changes based on network scheduling.  Exact mechanism FFS.
Proposal 4:
The UE changes its bandwidth part configuration autonomously after a period of scheduling inactivity.
It may also be desirable for the network to control activation of the UE autonomous bandwidth adaptation mechanism. 
Proposal 5:
The UE autonomous bandwidth adaptation mechanism may be activated/deactivated by the network.
2.2 Change of Carrier Frequency for RRM
Changing the UE center frequency allows the network to perform load balancing and efficiently manage the radio recources.  We note here that in LTE, a change of carrier frequency is typically carried out with inter-frequency handover; load balancing could also be carried out in LTE with carrier aggregation via component carrier activation/deactivation.  While faster mechanisms have been proposed in the past, in general we think that load balancing operates at a time scale much larger than what is required for UE power saving.

Furthermore, while a change of bandwidth only may take 20µs, a change of carrier frequency may requires as much as 200µs, according to the RAN4 LS [3].  Depending on the subcarrier spacing, 200µs may represent a significant portion of a subframe, if not an entire subframe (e.g. more than one subframe in case of subcarrier spacing of 120 KHz).  Even if for eMBB the 200µs could be acceptable as the UE will be provided with larger bandwidth and scheduled with high data rate, frequent change of carrier should clearly be avoided.
Thus a change of carrier frequency in our view should be tied to radio resource management using L3/RRC signaling or the like in NR.  One possible approach for slightly faster control mechanism for change of center frequency could be for the network to configure a set of possible center frequency and radio resource configuration semi-statically (e.g.  bandwidth part configurations) and use a MAC CE to select a particular configuration.  It is not clear to us at this point if such a faster control mechanism is needed for NR.  Thus we propose the following:
Proposal 6:
Change of bandwidth part configurations is at least configured by L3/RRC.  Faster mechanisms FFS.
2.3 Reconfiguration delays and gap

One significant advantage of separating the control mechanisms for bandwidth adaptation and change in carrier frequency is to enable simple and efficient RF gaps rules for the UE.  By performing bandwidth adaptation separately from change in carrier frequency a separate time gap can be defined in RAN4 for each case separately and the protocol can easily take each gap into account.  The alternative would require a more complex decision mechanism on the UE and network side to ensure that the appropriate time gap is used when changing UE receiver configuration.
Observation 4:
Separate control for bandwidth adaptation and change of carrier frequency simplifies management of time gaps.
3 Conclusion

In this contribution we presented our view on mechanisms for bandwidth adaptation and change of carrier frequency. We make the following observations and proposals:
Observation 1:
UE power savings should be the priority consideration for bandwidth adaptation.

Observation 2:
Change of carrier frequency is mostly useful for radio resource management.
Observation 3:
Bandwidth adaptation and DRX are both scheduling-related and share a similar objective.
Observation 4:
Separate control for bandwidth adaptation and change of carrier frequency simplifies management of time gaps.
Proposal 1: 
The UE receiver bandwidth state is controlled by the network.
Proposal 2: 
The UE receiver bandwidth state is dynamically controlled by the network at least using DCI signalling.
Proposal 3:
The UE receiver bandwidth changes based on network scheduling.  Exact mechanism FFS.

Proposal 4:
The UE changes its bandwidth part configuration autonomously after a period of scheduling inactivity.
Proposal 5:
The UE autonomous bandwidth adaptation mechanism may be activated/deactivated by the network.

Proposal 6:
Change of bandwidth part configurations is at least configured by L3/RRC.  Faster mechanisms FFS.
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