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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 agreements on bandwidth parts were reached at the RAN1 #89 meeting:
	Agreements:
· 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 addresses details of the indication of the active bandwidth part to a UE.
2 Discussion
NR design is targeting to support larger channel bandwidth per carrier compared to LTE and at the same time, it is essential for NR to enable efficient power saving mechanisms.  Bandwidth adaptation is an effective means for reducing UE power consumption.  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.
Bandwidth adaptation can be modeled by dynamic changes of bandwidth parts. One possible approach to implement bandwidth adaptation in this context is to configure the UE with two (or more) bandwidth parts (BWP) with different bandwidth and dynamic select which BWP is active.

Observation 3:
Bandwidth adaptation can be implemented via dynamic activation/deactivation of two or more configured bandwidth parts.
Whether the different BWP have the same or different center frequency impacts not only RRM but also the duration of the reception gap needed for the UE to retune. The bandwidth of the different BWP on the other hand has direct impact on the UE power consumption. 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.  
Explicit network control

The network should control the UE receiver bandwidth because it is aware of the UE traffic and scheduling.  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 or MAC CE (Option #1 and #2 above):

Proposal 1: 
The UE BWP is dynamically controlled by the network via the BWP configuration using MAC CE or DCI.
Autonomous UE control

DRX is a means for reduce power consumption where the UE is allowed to turn off at least parts of its receiver at times known not be scheduled. DRX in LTE 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 4:
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 BWP and upon detection of data activity the UE would transition to a wideband BWP.  

One practical example could be for the UE to change its BWP from a narrowband configuration to a wideband BWP upon reception of scheduled data. Otherwise the UE could keep its narrowband BWP activated 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 BWP based on an inactivity timer (i.e. Option #3 above) similar to the DRX Inactivity Timer or Short DRX Cycle Timer in LTE.
In our view, it would be reasonable that the UE selects the active BWP based on the UE DRX state.  We also prefer to avoid introducing multiple different mechanisms for power savings; however since RAN2 has not yet agreed on the details of DRX we propose the following principles:

Proposal 2:
After receiving a resource allocation on a DCI, the UE supports implicit change of BWP following a period of inactivity, based on DRX configuration.
Proposal 3:
The UE changes BWP autonomously after a period of scheduling inactivity based on expiry of a DRX timer.
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.
In practice a change of carrier frequency for RRM could be carried out by the network activating BWP with possibly much different center frequency.  In our view, the only difference between a change in BWP for RRM purposes and a change in BWP for energy saving purposes resides in the allowable retuning time for the UE.  It would be undesirable to have a very long retuning time for energy saving purposes while a long retuning gap is perfectly acceptable for RRM purposes.

The actual retuning time needed for a change of BWP typically depends on the UE capabilities and implementation.  Furthermore, not all cases of change of BWP with different center frequency require the UE to change the receiver center frequency.  For instance, when changing between two different BWP with slightly different center frequencies the UE may simply increase its total bandwidth to cover the larger BWP and perhaps slightly beyond.
In view of this, it appears that the actual retuning time between change of BWP is linked to UE implementation.  Thus the value of K in practice should probably depend on the source and target BWP.  Furthermore the value of K is currently agreed as in terms of symbols, whereas the retuning time would be in terms of absolute time (e.g. µs).  Thus not only the value of K depends on whether the UE implementation requires a change of center frequency but it also depends on the BWP numerology or more specifically on the symbol time.

Observation 5:
The value of K depends on UE implementation, symbol time and source/target BWP.
At this point it would be difficult to predict or list all possible combinations of BWP changes and associated numerologies.  It would also be unreasonable to configured a very large (and conservative) value for K (e.g. equivalent to 200 µs) as it would make bandwidth adaptation unpractical.  Based on this discussion we propose that the UE provides the value of K to the network upon configuration of the BWPs:

Proposal 4:
UE provides value K to the network for configured BWPs.
3 Conclusion

In this contribution we present our views on bandwidth adaptation via bandwidth part selection and made 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 can be implemented via dynamic activation/deactivation of two or more configured bandwidth parts
Observation 4:
Bandwidth adaptation and DRX are both scheduling-related and share a similar objective.
Observation 5:
The value of K depends on UE implementation, symbol time and source/target BWP.
Proposal 1: 
The UE BWP is dynamically controlled by the network via the BWP configuration using MAC CE or DCI.
Proposal 2:
The UE supports implicit change of BWP after receiving a resource allocation on a DCI following a period of inactivity, based on DRX configuration.
Proposal 3:
The UE changes BWP autonomously after a period of scheduling inactivity based on expiry of a DRX timer.
Proposal 4:
UE provides value K to the network for configured BWPs.
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