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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


This contribution discusses bandwidth adaptation operations w.r.t. to PDCCH monitoring and control resource set (CORESET) configuration.

2 Discussion
2.1 PDCCH Monitoring and CORESET Configurations

Bandwidth adaptation has the potential to provide significant UE power savings.  With bandwidth adaptation, the UE can reduce its receiver bandwidth to minimize power consumption - for example in periods of low data activity - while monitoring a “narrowband” CORESET (see our companion contribution in [3]).

When the UE is configured in narrowband operations, the UE monitors the PDCCH on the associated narrowband CORESET.  Likewise, when the UE is configured in “wideband” or “nominal” operations, the UE monitors the PDCCH on the associated nominal CORESETs.  It may be desirable for the narrowband CORESET to be smaller than the nominal aggregated CORESETs, as only small amount of UE scheduling is expected for UEs in narrowband operations.  Yet, using different CORESETs may lead to errors when the UE and NW are unsynchronized w.r.t. the UE receiver bandwidth state.
The following table illustrates the possible consequences of error when the network thinks the UE receiver bandwidth is narrowband (NB) while in fact it is wideband (WB) (i.e. NB->WB error) and when the network thinks the UE receiver bandwidth is wideband while in fact it is narrowband (i.e. NB->WB error) under assumptions of same or different scheduling CORESETs.  

Table 1: UE Receiver Bandwidth Synchronization Error Cases

	Scheduling CORSETs
	NB -> WB error
	WB -> NB error

	Same
	NW issues extraneous commands to change UE to WB.

· Delays and signaling overhead
	NW schedules UE with RA outside RX BW.

· Missed transmission; delays, signaling overhead and potential data loss

	Different
	NW cannot reach UE; has to try different CORESET.

· Missed transmissions, delays, signaling overhead and potential data loss


As it can be observed, except for the NB-WB error case with the same scheduling CORESET, UE receiver bandwidth synchronization errors between UE and network may lead to missed transmissions, delays, signaling overhead and even data losses.  This is due to the network having to first determine that there is a synchronization error and acting upon it.  The NB->WB error case may be less problematic as mostly in the case where the NW must issue an explicit change of BW command does it lead to unnecessary delays and signaling overhead.
Observation 1:
Synchronization error between UE and NW for the UE receiver bandwidth configuration lead to undesirable delays, overhead and potential data losses.
Error mitigation mechanisms

Based on the above discussion, we propose some possible error mitigation mechanisms.  First, for the WB->NB error case in the same CORESET, the UE would receive a DCI with a resource allocation outside its current receiver bandwidth.  One option in this case is to allow the UE to reconfigure its bandwidth upon reception of such resource allocation.  That way, the UE may lose only some OFDM symbols during the reconfiguration, as the network is unaware that the UE needs a time gap to increase its receiver bandwidth.  In fact, depending on how the protocol is designed, this signaling may be an actual trigger for the UE to change its receiver bandwidth.  The consequence of this error would simply reduce to potential retransmissions by the network.
Proposal 1:
The UE changes to wideband configuration upon reception of a DCI with resource allocation outside of the UE narrowband bandwidth.
For the error case where the CORESETs are different between the narrowband and wideband configuration, the network has to determine a means to transmit control information to the UE.  One approach could be for the network to revert to the UE previous known CORESET.  This approach may be advantageous because it may be efficient and relies solely on network implementation.  One possible drawback of this approach however is in the case where the UE is configured with multiple CORESETs or receiver bandwidth configurations.  In such cases the network may need to attempt transmission over multiple CORESETs before actually reaching the UE.
A simpler alternative could be to ensure that the UE monitors a known CORESET continuously or periodically.  Then the network can be certain to be able to reach the UE at least periodically.  In fact, this could be similar to the DRX case in LTE where if the UE misses a data allocation during the on duration time, the network has to wait for the next on duration time (next DRX cycle) for a second attempt.  

Proposal 2:
The UE monitors the CORESET common to all receiver bandwidth configuration at least periodically.
One possible such common CORESET could be the default control resource set in the companion contribution in [4].  In this framework, the UE could be configured to monitor the the default control resource set while in narrowband operations and in addition monitor one or more supplemental control resource sets when in wideband operations.
2.2 UE receiver bandwidth change acknowledgement
One issue with the above solutions, is that in case of UE receiver bandwidth synchronization errors, the network has to first determine that there is such synchronization error.  That on its own may take some time as the network has no means to distinguish such synchronization errors from other mis-detection errors due to channel conditions, etc. 
On possible approach to help the network reduce this delay is for the UE to transmit an acknowledgement upon receiver bandwidth state transition.  
Proposal 3:
The UE transmits an acknowledgement upon change of receiver bandwidth.
In the case of a transition caused by an explicit receiver bandwidth state transition DCI command, the conventional HARQ-ACK message could be used for that purpose.  When there is data scheduled along with the DCI state transition command, then a separate acknowledgement message may need to be transmitted in order for the network to distinguish between the two acknowledgements.  This approach is appropriate for cases where the bandwidth adaptation is controlled by a DCI.

An alternative to transmit a simple ACK/NACK would be to transmit a CSI report based on the measurement of the CSI-RS resource associated to the new receiver bandwidth.  The UE measures the channel and transmits the CSI to the network; reception of the CSI from the network is thus used as a state transition acknowledgement.  This has the additional advantage of providing the network with fresh channel state information to speed-up channel-sensitive scheduling.
Proposal 4:
A CSI report based on the provided CSI-RS resource is transmitted after transition to the wideband state and is used as acknowledgment of transition.

This concept has also been proposed in our previous contribution in [5].
3 Conclusion

In this contribution we have considered detailed mechanisms for bandwidth adaptation and make the following observations and proposals:
Observation 1:
Synchronization error between UE and NW for the UE receiver bandwidth configuration lead to undesirable delays, overhead and potential data losses.

Proposal 1:
The UE changes to wideband configuration upon reception of a DCI with resource allocation outside of the UE narrowband bandwidth.
Proposal 2:
The UE monitors the CORESET common to all receiver bandwidth configuration at least periodically.
Proposal 3:
The UE transmits an acknowledgement upon change of receiver bandwidth.
Proposal 4:
A CSI report based on the provided CSI-RS resource is transmitted after transition to the wideband state and is used as acknowledgment of transition.
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