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1 Introduction

NR UEs can operate in a system bandwidth (BW) that is larger than their transmission or reception BW capability. To support such operation, the following were agreed in RAN1#88 and RAN1#88bis.
Agreements:
· Resource allocation for data transmission for a UE not capable of supporting the carrier bandwidth can be derived based on a two-step frequency-domain assignment process 
· 1st step: indication of a bandwidth part
· 2nd step: indication of the PRBs within the bandwidth part
· FFS definitions of bandwidth part
· FFS signaling details
Working assumption:
· One or multiple bandwidth part configurations for each component carrier can be semi-statically signalled to a UE

· …
· Configuration of a bandwidth part may include the following properties

· Numerology

· Frequency location (e.g. center frequency)

· Bandwidth (e.g. number of PRBs)

· …
Further, fast SRS carrier switching was agreed in RAN1#89.

Agreements:
· Support SRS fast switching among N uplink carriers

· The number of M uplink carriers supported by the UE for simultaneous transmission can be smaller than N

· Note: M can be 1 or larger depending on UE capability
· FFS: potential restrictions (e.g., on combination of different numerology, on combination of different frequency bands)
This contribution considers CORESET frequency hopping and retuning aspects to support scheduling over a wider BW for a UE with limited Tx BW or Rx BW capability. 

2 BW Switching 

Tx/Rx BW switching is supported in LTE and NR in order to enable a UE with limited Tx/Rx BW capability to perform measurements over a wider Tx/Rx BW in order to be scheduled over the wider Tx/Rx BW.

Fast carrier switching for SRS transmissions in TDD is for enabling a UE with limited UL CA capability to transmit SRS within a short time period on more carriers than its UL CA capability in order to enable a gNB to estimate the channel and schedule PDSCH transmissions to the UE.

In LTE Rel-13 eMTC, to avoid a BL/CE UE missing MPDCCH reception opportunities due to retuning for CSI measurements, the BL/CE UE measures CSI in the narrowbands where it monitors MPDCCH [1]. There can be up to 4 such narrowbands and the MPDCCH narrowband can be configured to hop according to a pattern [2]. The CSI measurements are based on the CRS that is always present.   
The above operating scenarios can be considered in a more general setting of a UE operating in a DL BW or in an UL BW that is respectively larger than an Rx BW capability or a Tx BW capability of the UE. In NR, this situation can occur either because the UE actually has limited Tx/Rx BW capability or because the UE has been configured to operate with limited Tx/Rx BW capability for power savings but can nevertheless be scheduled to transmit or receive over the whole UL BW or DL BW, respectively. 

2.1 CORESET BW Switching for CSI Measurements
A UE configured for CORESET reception in RBs of a first BW part can be scheduled in a second BW part of same or different size. The issue is then for the UE to be able to provide CSI feedback to the gNB in order to be scheduled in the second BW part when the UE is configured to receive PDCCHs in the first BW part. 

A first approach is to re-use the CSI measurement mechanism for BL/CE UEs in LTE. This can be done by configuring a UE with a CORESET hopping pattern in some BW parts of the DL system BW (some BW parts can be configured to be excluded as reserved resources or may not be visible to the UE for scheduling). The same retuning principles as for BL/CE UEs can basically also apply. 
A CSI-RS transmission can be over the full DL BW (except for potential reserved resources) and a UE can measure CSI over a BW part when the UE retunes to the BW part (both are supported in NR). A CSI-RS transmission can also be only over the BW part where the UE is retuning. From the UE perspective, if CSI-RS measurements are mandated to occur only within the BW part, the two approaches are equivalent and can be handled by implementation. 

The UE can stay tuned to the BW part of the CORESET for a number of slots (or subframes) defined by the CORESET hopping pattern and obtain a CSI measurement from a CSI-RS that can be transmitted in one or more slots during the number of slots. Aperiodic CSI-RS, when triggered, can be measured in the BW part indicated for the aperiodic CSI-RS transmission. 
A second approach is to not have CORESET frequency hopping but instead have the UE retune to measure CSI based on a frequency hopping pattern in BW parts for CSI-RS receptions. After a CSI measurement, the UE can retune to the BW part of the CORESET. 
The first approach reduces a total retuning time from a first BW part to a second BW part. The UE needs to retune to the second BW part only after receiving a CSI-RS and, as importantly, BW part hopping can be per multiple slots without the UE having to retune back to the first BW part before the next PDCCH monitoring instance. The second approach requires retuning from the first BW part to the second BW part for CSI-RS reception and from the second BW part to the first BW part for PDCCH monitoring. For intra-band BW part hopping where a retuning time can be up to 200 sec when the center frequency is different before and after BW adaptation, the doubling of the retuning time can be a limiting factor for supportable CSI-RS configurations in case of 15 KHz SCS and ‘typical’ PDCCH monitoring periods (e.g. once per slot of 14 symbols) and a prohibitive factor for 15 KHz SCS and shorter PDCCH monitoring periods (e.g. once per 7 symbols) or for SCS larger than 15 KHz. 

Proposal 1: A UE can be configured with a CORESET frequency hopping pattern in BW parts of a system BW. 

2.2 PUCCH BW Switching for SRS Transmissions
Similar to SRS fast carrier switching, SRS fast switching needs to apply to BW parts in order to enable frequency selective UL scheduling (and DL scheduling in TDD). Functionally, SRS fast carrier switching and SRS fast BW part switching are same. 
Similar to CORESET frequency hopping to enable CSI-RS receptions, frequency hopping to different BW parts can also apply for the BW part of PUCCH transmissions. This can enable a UE to retune from a first BW part to a second BW part to transmit SRS without having to retune back to the first BW part to transmit PUCCH. The limitations from the additional retuning, in case the PUCCH BW part does not hop, are more severe than for the DL and will often result to a UE dropping a SRS transmissions as they may ‘collide’ due to retuning requirements with PUCCH transmissions. 

Proposal 2: A UE can be configured with a hopping pattern in BW parts of a system BW for PUCCH frequency resources. 

The limitations from retuning can be even more severe for TDD than for FDD and not only frequency hopping of CORESETs and PUCCH BW parts is needed to support CSI measurements and SRS transmissions at different BW parts, but also the hopping pattern needs to be the same in order to avoid having large numbers CSI-RS receptions or SRS transmissions in different BW parts being dropped. 

Observation: For TDD operation, it should be possible for a UE to always use a same BW part for PDCCH receptions and PUCCH transmissions.
3 Conclusions

This contribution considered retuning aspects for DL scheduling as they relate to CSI measurements in different BW parts of a system BW and proposes the following. 
Proposal 1: A UE can be configured with a CORESET frequency hopping pattern in BW parts of a system BW. 

Proposal 2: A UE can be configured with a hopping pattern in BW parts of a system BW for PUCCH frequency resources. 
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