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1 Introduction
Bandwidth adaptation was discussed during the RAN1#88bis meeting where 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
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



Also at the RAN1#89 meeting, the following agreements concerning bandwidth parts (BWP) and CORESETs in the context of bandwidth adaptation were made:

	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
Agreements:
· Confirm the WA of RAN1#88bis.

· Each bandwidth part is associated with a specific numerology (sub-carrier spacing, CP type)

· FFS: slot duration indication if RAN1 decides to not to downselect between 7 symbol and 14 symbols for NR slot duration

· UE expects at least one DL bandwidth part and one UL bandwidth part being active among the set of configured bandwidth parts for a given time instant.

· A UE is only assumed to receive/transmit within active DL/UL bandwidth part(s) using the associated numerology

· At least PDSCH and/or PDCCH for DL and PUCCH and/or PUSCH for UL

· FFS: down selection of combinations

· FFS if multiple bandwidth parts with same or different numerologies can be active for a UE simultaneously 

· It does not imply that it is required for UE to support different numerologies at the same instance.

· FFS: TB to bandwidth part mapping

· The active DL/UL bandwidth part is not assumed to span a frequency range larger than the DL/UL bandwidth capability of the UE in a component carrier.

· Specify necessary mechanism to enable UE RF retuning for bandwidth part switching



As generally understood and discussed in our companion paper [1], bandwidth adaptation in NR can be implemented by change in active bandwidth parts.  This contribution discusses bandwidth adaptation operations w.r.t. to PDCCH monitoring and control resource set (CORESET) configuration.

2 Discussion
Bandwidth adaptation enables significant power savings by having the UE monitor only a small portion of the channel bandwidth in periods of low data activity.  In practice this can be carried out by configuring at least one narrowband BWP (NB-BWP) and one wideband BWP (WB-BWP) and activating one of the two at any point in time.
2.1 BWP Activation Synchronization Error
When the UE has a NB-BWP active, it monitors the PDCCH on the associated CORESET, i.e. the NB-CORESET.  Likewise, when the UE has a WB-BWP active, the UE monitors the PDCCH on the associated CORESETs, i.e. the WB-CORESET.  It may be desirable for the NB-CORESET to be smaller than the WB-CORESETs, as only small amount of UE scheduling is expected for UEs in NB-BWP.  Yet, using different CORESETs may lead to errors when the UE and NW are unsynchronized w.r.t. the UE BWP activation state.
Such synchronization errors may happen for instance when the UE misses an indication to change BWP and the network does not detect the error.  More specifically, using the indication options discussed at RAN1 #89:
DCI explicit/implicit:

In the case of DCI (with a resource allocation) indicating a change of BWP, the UE would send an HARQ-ACK following decoding of the associated PDSCH (possibly in a different BWP).  If the UE decodes the DCI sucessfully then regardless of whether the associated PDSCH is decoded successfully or not, then the UE has changed BWP and the only possible issue is if the network does not detect the PDSCH HARQ-ACK (i.e. an ACK/NACK→DTX error).

If the UE does not decode the DCI properly and thus does not change BWP, then an error may occur if the network detects an ACK or NACK when the UE has sent no HARQ-ACK at all (i.e. DTX→ACK/NACK error).

MAC CE

In the case of a MAC CE indication, the risk of synchronization error happens when the network has sent the MAC CE and thinks the UE has received it, whereas the UE has not.  This happens primarily if there is a DTX→ACK or NACK→ACK error at the gNB.
Time Pattern (e.g. DRX-like)

In case of a DRX-like mechanism to change the BWP, the UE would change its BWP for example after a period of inactivity or perhaps periodically.  For the later case, synchronization errors would be unlikely as it would require the UE to be unaware of the SFN.  An error may happen in the former case for instance if the inactivity period is not well aligned between the UE and network.  In practice this implies that the UE has missed downlink DCIs and the network is unaware of it.  This would be typically caused by a DTX→ACK/NACK error.
Observation 1:
HARQ-ACK errors may cause BWP synchronization errors between gNB and UE.

The following table illustrates the possible consequences of error when the network thinks the UE has NB-BWP active while in fact it has a WB-BWP activated (i.e. NB-BWP → WB-BWP error) and when the network thinks the UE has WB-BWP active while in fact it has its NB-BWP activated (i.e. WB-BWP→NB-BWP error) under assumptions of same or different associated scheduling CORESETs.

Table 1: UE Receiver Bandwidth Synchronization Error Cases

	Associated CORSETs
	NB-BWP → WB-BWP error
	WB-BWP → NB-BWP error

	Same
	NW issues extraneous commands to activate WB-BWP.

· 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-BWP→WB-BWP 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-BWP→WB-BWP error case may be less problematic as only if the NW must issue an explicit change of BW command does it lead to unnecessary delays and signaling overhead.
Observation 2:
Synchronization error between UE and NW for the UE receiver bandwidth configuration lead to undesirable delays, overhead and potential data losses.
2.2 BWP Synchronization Error Mitigation
When a UE BWP synchronization error occurs, the network has to first detect it.  Based on the above analysis, this would typically require that the network attempts to schedule the UE multiple times without receiving any answer.  This detection delay may also be exacerbated with the presence of large retuning gaps (value K in the agreements above), for instance when the receiver changes its center frequency; indeed the network may assume that the UE is retuning while in fact it is not, thus further delaying detection of the error.
Although our preference for the case where the UE changes its center frequency is to use RRC signaling (see [1]), for the case of using the DCI indication, the error detection delay can be reduced by having the UE acknowledge the BWP activation indication.  For example in addition to transmitting the HARQ-ACK associated to the DCI resource allocation; this concept is illustrated in Figure 1.  Since we do not expect changes of center frequency to happen very frequently as they are more associated to radio resource management, the transmission of the acknowledgement is not considered a large overhead.
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Figure 1: BWP Change Acknowledgement

Proposal 1:
The UE transmits an acknowledgement upon change of BWP.
An alternative to transmitting a simple ACK/NACK would be to transmit a CSI report based on the measurement of the CSI-RS resource associated to the new BWP.  The UE measures the channel and transmits the CSI to the network; reception of the CSI from the network is thus used as a change of BWP acknowledgement.  This approach may not help reduce the delay associated to the retuning gap (the UE has to retune before making the measurement), however it has the additional advantage of providing the network with fresh channel state information to speed-up channel-sensitive scheduling e.g. for the forthcoming scheduling instant.  This is particularly beneficial when activating a WB-BWP.  This concept has also been proposed in our previous contribution in [3] and is illustrated in Figure 2.
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Figure 2: BWP Change Acknowledgement via CSI Report

Proposal 2:
A CSI report based on the provided CSI-RS resource is transmitted after activation of a wideband BWP and is used as acknowledgment of transition.

2.3 BWP Synchronization Error Recovery
While the proposed error mitigation approaches may help the network to detect an error more easily, there is still a need to consider the error recovery in case there is a synchronization error.
For the error case where the CORESETs are different between the NB-BWP and WB-BWP configurations, the network has to determine a means to reliably 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.
A perhaps more robust and simpler alternative could be to ensure that the UE monitors a known CORESET continuously or at least periodically; then the network can be certain to be able to reach the UE.  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.

On practical way to achieve this is to configure the UE with a NB-CORESET for the NB-BWP and configure the same NB-CORESET and an additional or supplemental WB-CORESET for the NB-BWP.  The NB-CORESET becomes common to both BWPs that are configured to the UE.  This approach may be advantageous as the network may scale the CORESET according to their usage (the NB-CORESET for example for paging, system information and group-common PDCCH transmission and the WB-CORESET for control associated to data transmission).

One possible such common NB-CORESET could be the default control resource set in our previous contribution in [2].  In this framework, the UE could be configured to monitor the the default control resource set while in NB-BWP is active and in addition monitor one or more supplemental control resource sets when WB-BWP is active.
Proposal 3:
The UE monitors the CORESET common to all BWP configuration.
3 Conclusion

In this contribution we have considered detailed mechanisms for bandwidth adaptation and make the following observations and proposals:
Observation 1:
HARQ-ACK errors may cause BWP synchronization errors between gNB and UE.

Observation 2:
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 transmits an acknowledgement upon change of BWP.
Proposal 2:
A CSI report based on the provided CSI-RS resource is transmitted after activation of a wideband BWP and is used as acknowledgment of transition.

Proposal 3:
The UE monitors the CORESET common to all BWP configuration.
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