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1 Introduction
During RAN1#89 [1], the following agreements were reached:

On PRB grid structure for wider bandwidth:

Agreements:
· Same PRB grid structure for a given numerology is assumed for narrow band UEs, CA UEs and wideband UEs within a wideband NR carrier

· FFS: PRB indexing

On RBG size:

Agreements:
· The set of RBG size includes at least 2, [3,] 4, [6,] 8, 16

· FFS: necessity of other RBG sizes

· RBG size may or may not depend on the number of symbols for data

· For determining RBG size, the following options are considered

· Opt. 1: RBG size is determined by the NW channel BW

· FFS: Necessity of signaling

· Opt. 2: RBG size is determined by BW for the configured BW part

· FFS: Necessity of signaling

· FFS: Multiple configured BW parts

· Opt. 3: RBG size is configured by NW

· FFS: Set of configurable RBG sizes may depend on frequency range

· Opt. 4: RBG size is determined by DCI

· FFS: Signaling details

On resource allocation:

Agreements:
· In frequency-domain, for PDSCH and for PUSCH with CP-OFDM waveform, starting point is at least LTE DL RA type 0.

· Working assumption: In frequency-domain, for PUSCH with DFT-s-OFDM waveform, only contiguous resource allocation is supported in Rel. 15.

· In frequency-domain, NR allows to schedule a PDSCH and PUSCH at least with CP-OFDM waveform with large resource allocation and small resource allocation in dynamic manner.

· E.g., scheduling a slot with full or almost full bandwidth and scheduling next slot with one or a few RBs.

On bandwidth part (BWP) configuration:

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

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

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 signalling of resource-block allocation for DL and issues related with scheduling of data in NR for cases where multiple BWPs are used.
2 DL Data Scheduling
2.1 Signalling of DL Resource-Block Allocation

A resource allocation header includes two parts, a resource allocation type field and the information consisting of the actual RB assignment. There are three resource allocation types in LTE DL, called type 0, 1, and 2. The header lengths for type 0 and 1 resource allocation types are close to each other. So here we discuss the resource allocation type 0 and 2 regarding its extension in NR. 

In LTE, a table which shows the RBG size according to the system BW is given for type 0 resource allocation, where the largest number of RBs is 110, and the largest RBG size is 4. So the largest size of type 0 bitmap is 28 bits. In NR, the number of RBs could be much larger than LTE due to its wider BW. For example, if the BW configured for a UE (e.g. that of a BWP) is 80MHz and subcarrier spacing is 15kHz, then the number of RBs is 400 [2]. In that case, if RBG is unchanged, then 100 bits are needed for the bitmap, which requires a data rate exceeding 1.4Mbit/s. On the other hand, if RBG size is increased, (Based on the agreement quoted in the introduction, the RBG size can be as large as 16.) the scheduling granularity is lost while the overhead is reduced. In NR, there are multiple RBG sizes to choose from when the number of RBs exceeds 110. Setting an RBG size to a value regardless of the number of RBs causes an undue increase of the header length, which will be discussed later. Another way is to set RBG size to be the smallest value that makes the bitmap length no larger than 28 bits, which is the largest bitmap size in LTE. Fig. 1 shows the number of bits used by type 0 resource allocation bitmap based on different number of RBs. The bitmap size is derived by [image: image2.png]|'7Lumber of RES]
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 stands for ceiling.

For type 2 resource allocation, only contiguous allocation is supported, so the start position and length should be provided by an Resource Indication Value (RIV) instead of a bitmap. The RIV size is 13 bits when the number of RBs is 110. In NR, considering the same case (400 RBs) above, there should be 17 bits for RIV. The RIV size is derived by [image: image6.png](number of RBs)(number of RBs+1.
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. The number of bits used by type 2 resource allocation RIV is also shown in Fig. 1. 
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Fig. 1. Number of bits used by type 0/1 and type 2 resource allocation signaling 

Observation 1 : When the number of RBs increases from 110 to 400, for type 0, RBG sizes 6, 8, and 16 seem to be adequate to keep the bitmap length below 28 bits at a reasonable resource block granualarity.

Observation 2 : When the number of RBs increases from 110 to 400,  type 2 RIV length increases slightly from 13 bits to 17 bits.
2.2
Frequency domain scheduling

NR will support a variety of use cases, each with different requirements. Such disparate requirements can require different numerologies and slot structures. 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 BWPs, 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 BWP and the second step would indicate the RBs within the BWP. The indication of the BWP could be used to indicate the numerology to the UE. For example, a BWP could be defined as a set of frequency resources on which any transmission uses a single numerology.
For a UE to properly interpret a BWP indication, there needs to be a means to indicate BWP 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 BWP, there also needs to be a RBG reference. In LTE, all the RBGs 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 RBG 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 BWPs located between the CORESET and the scheduled BWP, 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 RBG sizes.

Therefore, a BWP’s numerology and size should be used to determine the RBG size for that BWP (Opt. 2 from the agreement quoted in the introduction). For multiple BWPs, each can have a different RBG size. Having RBG size matched to a BWP can ensure more efficient signaling for transmissions on different BWPs in a single carrier. If more flexibility is required, the RBG size(s) could be configurable (e.g. Opt. 3) to limit the payload of control signaling.
Proposal 3: RBG size is defined per BWP.

· FFS if determined form the numerology and bandwidth of a BWP or configurable by NW.

Furthermore, resource allocation within a BWP should be indexed in the order of increasing frequency starting at the lowest frequency of the BWP.
Proposal 4: Indication of RBs within a bandwidth part is done by indexing relative only to the bandwidth part’s frequency resources and numerology.
Transport Block Mapping
A UE can be configured with multiple BWPs. Aggregation of BWPs can enable fast switching between large and small bandwidths, possibly for energy savings. One benefit of using aggregation of BWPs rather than expansion of a BWP is to provide NW flexibility when configuring different UEs with different BWPs and numerologies. For example, a UE may need service using a specific bandwidth and numerology in a specific set of subcarriers. Another UE can be configured with BWPs of another numerology on subcarriers straddling that of the first UE. Furthermore, BWP aggregation can ensure forward compatibility (e.g. blanked resources). Contrary to CA, aggregation of BWPs need not require independent RRM measurements (and hence SS blocks) for each BWP.

For large data transfers, it makes sense to leverage all of a UE’s configured BWPs. For example, a UE can be configured with two BWPs and be scheduled with a single Transport Block mapped to the two BWPs. This can be beneficial by reducing the downlink control signaling overhead, and possibly the feedback overhead.

Proposal 5: Transport Block mapping can be confined to a BWP or can span multiple BWPs.

3 Conclusion

In this contribution, we briefly discussed the resource allocation issue for NR. We have the following observations:

Observation 1 : When the number of RBs increases from 110 to 400, for type 0, RBG sizes 6, 8, and 16 seem to be adequate to keep the bitmap length below 28 bits at a reasonable resource block granualarity.

Observation 2 : When the number of RBs increases from 110 to 400, the type 2 RIV length increases slightly from 13 bits to 17 bits.

We also discussed 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: RBG size is defined per BWP.

· FFS if determined form the numerology and bandwidth of a BWP or configurable by NW.

Proposal 4: Indication of RBs within a bandwidth part is done by indexing relative only to the bandwidth part’s frequency resources and numerology.
Proposal 5: Transport Block mapping can be confined to a BWP or can span multiple BWPs.
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