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1 Introduction
During RAN1#88bis, the following agreement on wideband operation was reached:
Agreements
· Support the following: 

· A gNB can operate simultaneously as wideband CC for some UEs and as a set of intra-band contiguous CCs with CA for other UEs 

· RAN1 believes that it is beneficial to allow zero guardband between CCs within wideband CC and asks RAN4 to take it into account when discussing channel raster

· If there are scenarios where guard band is considered necessary, strive to minimize the number of subcarriers for guard-band between CCs within wideband CC

· It is RAN1 understanding that guard band might be supported by RAN4 

· Allow single or multiple Sync signal locations in wideband CC

· Consider further impact on design for: 

· Reference signals

· Resource Block Group design and CSI subbands

Furthermore, during the RAN1#88 meeting, the following agreements on resource allocation for data transmission, were reached:

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
· FFS the case of a UE capable of supporting the carrier bandwidth
Agreement: NR supports both contiguous and non-contiguous resource allocation for data with CP-OFDM for both UL and DL

· FFS detailed for both contiguous and non-contiguous resource allocation schemes

In this contribution we discuss issues related with scheduling of data in NR for cases where multiple bandwidth parts are used. We also discuss means to reduce control signaling overhead for scheduling over small time scales.
2 DL Data Scheduling
2.1 Frequency domain scheduling

NR will support a variety of use cases, each with different requirements. Such disparate requirements can require different numerology and slot structure. It has therefore been agreed that a carrier can support multiple numerologies, possibly using FDM.

It is not necessary that all UEs support all use cases, and by extension all numerologies. Moreover, depending on capabilities, some UEs may only be able to access portions of a carrier bandwidth at any time. Based on these reasons, it makes sense to enable UE to operate on bandwidth parts, possibly by being configured with a set of intra-band contiguous CCs within a wideband CC.
For data allocation, a UE may be configured with a CORESET in a set of frequency resources, from which it may expect a downlink assignment. The CORESET may use a specific numerology and this numerology may be implicitly tied to a numerology of a data allocation on the same frequency band. However, for flexibility, a UE may receive a downlink assignment on a CORESET located in a frequency region for a data transmission in another frequency region. In such a case, the numerology of the data transmission should be indicated to the UE.

Use of Bandwidth Parts
At RAN1#88, it was agreed that a two-step frequency-domain assignment process would be used. Wherein the first step would indicate a bandwidth part and the second step would indicate the RBs within the bandwidth part. The indication of the bandwidth part could be used to indicate the numerology to the UE. For example, a bandwidth part could be defined as a set of frequency resources on which any transmission uses a single numerology.
For a UE to properly interpret a bandwidth part indication, there needs to be a means to indicate bandwidth part boundaries within a carrier. Given that UEs may not operate over the whole carrier and that a UE may not be aware of the numerology used in every portion of a carrier, indexing must be done using a known anchor and a reference numerology. For example, the anchor can be the location of an SS block and the reference numerology can be that of the SS block.

Proposal 1: Bandwidth part configuration provides the bandwidth part frequency location relative to an SS Block.

Proposal 2: Bandwidth part frequency location is determined using the SS Block numerology as reference.
For a UE to properly interpret the frequency allocation within a bandwidth part, there also needs to be a resource block group reference. In LTE, all the resource block groups in a carrier are indexed in the order of increasing frequency starting at the lowest frequency of the carrier. However, the UE needs to know the lowest frequency of a carrier, the resource block group size (as determined from the system bandwidth in LTE) and the numerology used in every portion of the carrier. Based on the above discussion, it is unclear that in NR a UE would know any of these, nor would it make sense to require all UEs know these. One method would be to provide frequency allocation indices based on a relative distance from the CORESET used for the DCI. Given that a UE may not know the numerology used in bandwidth parts located between the CORESET and the scheduled bandwidth part, the indexing could be done using a reference numerology, or the numerology of the CORESET. On the other hand, such indexing could require a very large bitmap to cover all possible carrier sizes, numerologies and resource block group sizes.

Therefore, a bandwidth part’s numerology and size should be used to determine the resource block group size for that bandwidth part. Furthermore, resource allocation within a bandwidth part should be indexed in the order of increasing frequency starting at the lowest frequency of the bandwidth part.
Proposal 3: Indication of RBs within a bandwidth part is done by indexing relative only to the bandwidth part’s frequency resources and numerology.
2.2 Time domain scheduling

NR is designed from the onset to be very flexible to enable operation with a multitude of requirements. Such flexibility is reflected in the ability to use slot or mini-slot time scale and a variety of OFDM symbol durations. Scheduling on a small time scale, either due to use of mini-slots or high subcarrier spacing, can be costly in terms of control signaling overhead. Furthermore, to reduce signaling overhead and maintain realistic UE complexity, it is likely that the rate of inputs to the scheduler (e.g. CSI feedback, HARQ feedback) do not scale at the same pace as reduction in scheduling time scale. Moreover, it is possible that some values (such as CSI) would not change substantially between subsequent scheduling occasions for small scheduling time scale.
It is therefore possible to reduce the control signaling overhead by reducing the amount of bits used for different scheduling elements such as resource block assignment, MCS, precoding information, PDSCH RE mapping information, DM-RS configuration and TPC command for PUCCH.
Proposal 4: Control signaling overhead can be reduced by reusing the same values for proximate scheduling events.
One example where the reduction may be especially feasible is for MCS. MCS indication can take a lot of bits to cover all possible modulation and coding schemes, especially as higher order modulation is adopted. However, it is possible that the channel and interference vary little between proximate short scheduling periods. In such a case, a UE could be indicated an MCS value in a first scheduling event and possibly a differential MCS in a subsequent scheduling event.

Proposal 5: Differential MCS can be used for proximate scheduling events.
3 Conclusion

In this contribution we discuss issues related to scheduling UEs in different bandwidth parts of a carrier as well as related to scheduling on small time scales. We propose the following:
Proposal 1: Bandwidth part configuration provides the bandwidth part frequency location relative to an SS Block.

Proposal 2: Bandwidth part frequency location is determined using the SS Block numerology as reference.
Proposal 3: Indication of RBs within a bandwidth part is done by indexing relative only to the bandwidth part’s frequency resources and numerology.
Proposal 4: Control signaling overhead can be reduced by reusing the same values for proximate scheduling events.
Proposal 5: Differential MCS can be used for proximate scheduling events.
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