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Introduction
In RAN1#86bis, the following was agreed [1]:
Agreements:
· At least for single carrier operation, NR should allow a UE to operate in a way where it receives at least downlink control information in a first RF bandwidth and where the UE is not expected to receive in a second RF bandwidth that is larger than the first RF bandwidth within less than X µs (FFS: value of X)
· FFS the first RF bandwidth is within the second RF bandwidth
· FFS the first RF bandwidth is at the center of the second RF bandwidth
· FFS the maximal ratio of the first RF bandwidth over the second RF bandwidth
· FFS detailed mechanism
· FFS RF bandwidth adaptation for RRM measurement

The use of bandwidth adaptation and methods to implement bandwidth adaptation were discussed in subsequent meetings. In this contribution, we discuss control channel design aspects that pertain to the use of bandwidth adaptation.
Discussion
The design of control resource set (CORESET), search spaces, aggregation levels and DCI formats was discussed in [2][3]. A search space may be contained entirely within a CORESET and depending on the search space design, it may be feasible for the bandwidth of the search space for a UE inside a CORESET to be smaller than the bandwidth of the CORESET itself. Hence, one design approach to satisfy a UE being able to receive control messages on a smaller RF bandwidth before switching to a larger one for data could be to ensure that search spaces are defined in a way that they may occupy a smaller bandwidth than a CORESET. This would enable CORESETs to span a large enough bandwidth to have adequate capacity for many UEs and enable the use of fewer CORESETs by the gNB. 
Another design approach would be to define the CORESET itself to be smaller than the smaller RF bandwidth that UEs must monitor. In this approach, there would be fewer restrictions on the search space a UE monitors within a CORESET leading to a simpler design for the design of search spaces within CORESETs especially if the CORESET has multiple symbols in it. Therefore, it would be beneficial for NR to enable this simpler design and allow the CORESET size to be configurable in a small enough bandwidth so that it can fit within the smaller RF bandwidth that UEs should monitor for the purposes of bandwidth adaptation. 
Proposal: CORESET size should be configurable to be within the smaller RF bandwidth.

In order to not constrain control channel capacity, it would be useful for the UE to be able to monitor more CORESETs when it is using a wider bandwidth. This would reduce the congestion within the CORESETs that serve the part of the bandwidth that is common to both the smaller and the wider bandwidths between which a UE adapts. The same logic would be applicable to search spaces as well in case the design that is chosen is such that search spaces can span significantly smaller fractions of the CORESET bandwidth.

Considering that it is desirable for UEs to use the smaller RF bandwidth by default unless they are receiving data, and that it is important for UEs to be addressable within a common search space as much as possible, it is important for the common search space to be within the smaller RF bandwidth. This may be achieved by having a CORESET that contains the common search space to be within the smaller RF bandwidth to be used by UEs or by defining the common search space to be located within the CORESET so that it spans a smaller RF bandwidth. While it is desirable for the UE search space design to not be encumbered by design constraints pertaining to bandwidth occupancy within a CORESET, it is potentially easier to put such a constraint on the common search space. Considering the above, we propose the following.
Proposal: The common search space should be within the smaller RF bandwidth

With bandwidth adaptation the UE should be able to receive control information in the smaller bandwidth and then receive the scheduled data in a wider bandwidth so that the start of data reception/transmission in the wider bandwidth occurs not less than X microseconds after the end of the reception of the control message. There has been some discussion on the values of X both in the single carrier and multi-carrier cases. An approach that can accommodate a wider variation in the value of X would be cross-slot scheduling where the control information is received at the beginning of one slot and the scheduled data is to be transmitted or received one or more slots later. However, if the UE is capable of switching between the smaller and larger bandwidths in a period of time that is less than one or two OFDM symbols (this may depend on the numerology), the scheduling within the same slot can be used when the UE uses bandwidth adaptation. An indication of the starting symbol for data within the slot is useful to enable bandwidth adaptation, just as it is useful in being able to reuse CORESET resources for data 
Proposal: The data allocation after the PDCCH needs to occur at least X us after the end of the PDCCH if the data allocation spans a BW larger than the smaller RF bandwidth
· Cross-slot scheduling can be used to enable bandwidth adaptation
· Same-slot scheduling can be used if the UE is capable of a fast transition between the smaller and larger bandwidths
· The starting symbol for data within the slot may be used to enable bandwidth adaptation by the UE

While it is preferable to minimize the special considerations in the control channel design to accommodate BW adaptability, the capacity of control channels when the UE is saving power by using a smaller bandwidth can be improved by potentially simplifying the DCI formats that the UE monitors. For instance, when the UE is using the smaller bandwidth, the resource allocation, MIMO and MCS parameters could have fewer options thus reducing the size of the DCI format and increasing the robustness of the message or the capacity of the control channel. Such optimizations should be considered carefully by weighing the cost of the increased complexity against the potential power saving gains achieved by UEs. 



Conclusion
We discussed control channel aspects that can enable bandwidth adaptation by UEs and proposed the following.
Proposals:
· CORESET size should be configurable to be within the smaller RF bandwidth.
· The common search space should be within the smaller RF bandwidth
· The data allocation after the PDCCH needs to occur at least X us after the end of the PDCCH if the data allocation spans a BW larger than the smaller RF bandwidth
· Cross-slot scheduling can be used to enable bandwidth adaptation
· Same-slot scheduling can be used if the UE is capable of a fast transition between the smaller and larger bandwidths
· The starting symbol for data within the slot may be used to enable bandwidth adaptation by the UE
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