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1 Introduction
In RAN1 NR Ad-Hoc#2 Meeting [1], the following agreements were reached:
Agreements:
· For PDSCH/PUSCH, the RBG size/number can be changed along with the change of the BWP used for resource allocation.

· FFS: If one or multiple of following option(s) is/are also used for RBG size/number determination:

· Opt. 1: Semi-statically configured size of Type0 RA bitmap. 

· Number and size of RBGs for a RA is determined based on size of BWP and the size of the bitmap.

· Opt. 2: Semi-statically configured RBG size(s) per BWP for deriving number of RBGs.

· Number of RBGs in the BWP is determined by size of the BWP and the configured/indicated RBG size(s). 

· FFS: Dynamic switching of RBG size(s). 

· Opt. 3: DCI format/DCI format size (e.g. a compact DCI may be with a larger RBG size than a normal DCI).

· Opt. 4: Transmission durations (e.g. a shorter-duration transmission may be with a larger RBG size than a longer one).

· Opt. 5: RBG size is determined depending on the size of the BWP.

· Other options are not precluded.

Agreements:
· In frequency-domain, for PUSCH with DFT-s-OFDM waveform in NR, contiguous resource allocation scheme based on LTE UL RA Type 0 is adopted in Rel. 15.

· FFS:

· A coarser granularity (i.e. more than 1RB) of resource assignment in order to reduce the overhead further  

· BW parts

· In frequency-domain, for PDSCH in NR, a resource allocation scheme based on LTE DL RA Type 2 is supported in Rel. 15.

· FFS:

· A coarser granularity (i.e. more than 1RB) of resource assignment in order to reduce the overhead further  

· BW parts

· In frequency-domain, for PUSCH with CP-OFDM waveform in NR, contiguous resource allocation scheme based on LTE UL RA Type 0 is supported in Rel. 15

· FFS:

· A coarser granularity (i.e. more than 1RB) of resource assignment in order to reduce the overhead further  

· BW parts

· A DCI format with resource allocation based on LTE DL RA type 0 (i.e., bit-map) is supported for PDSCH.

· A DCI format with resource allocation based on LTE DL RA type 0 (i.e., bit-map) is supported for PUSCH with CP-OFDM waveform.

· A DCI format with resource allocation based on LTE DL RA type 2 is supported for PDSCH.

· A DCI format with resource allocation based on LTE UL RA type 0 is supported for PUSCH with CP-OFDM waveform and with DFT-s-OFDM waveform.

· FFS: some or all of the above DCI formats have the same DCI payload size.

Agreement:
· In configuration of a BWP,

· A UE is configured with BWP in terms of PRBs. 

· The offset between BWP and a reference point is implicitly or explicitly indicated to UE.

· FFS for reference point, e.g., center/boundary of NR carrier, channel number used for sync. and/or channel raster, or center/boundary of RMSI BW, center/boundary of SS block accessed during the initial access, etc.

· NR supports MU-MIMO between UEs in different (but overlapping) BWPs

In this contribution, we discuss signalling of resource-block allocation for DL.
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, 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. Based on the agreement so far, the RBG size can be chosen from 2, 3, 4, 6, 8, and 16. 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. If we want to reduce the bitmap size further, a simple way is to exclude the small RBG sizes from the size set, e.g., RGB size 2. In that case, we can see from Fig. 1 that, at most 3 bits could be reduced from the bitmap size. It happens when the total number of RBs is 26 and the RBG size is increased from 2 to 3.
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. For RA type 2, if we want to reduce the RIV size by adopting a coarser granuality, we can either change the starting position granuality or the RB length granuality, or both at the same time. For example, if we increase the minimum length from 1 RB to 2, then the RIV size becomes [image: image8.png]


. In this case, when the total number of RBs is 400, the RIV size is still 17 bits, which means there is no benefit from the length granuality loss. In addition to the previous change of the length granuality, we can also change the starting position granuality from 1 RB to 2. Then the RIV size becomes [image: image10.png](number of RBs)*
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 when the number of total RBs is even. In this case the RIV size  is reduced at least by 1 bit.
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Fig. 1. Number of bits used by type 0 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: If RBG size 2 is excluded from the type 0 RBG size set, then at most 3 bits can be reduced from the bitmap size in some corner case.
Observation 3: When the number of RBs increases from 110 to 400, type 2 RIV length increases slightly from 13 bits to 17 bits.
Observation 4: For RA type 2, by changing the granuality of both the starting position and the length from 1 RB to 2, the RIV size can be reduced at least by 1 bit.
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 UEs 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 can be configured with a CORESET in a set of frequency resources, from which it may expect a downlink assignment. The CORESET can 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, it should be possible to support cross-BWP scheduling. 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 indicates a BWP and the second step indicates 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 reference point and a reference numerology. For example, the reference point 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 (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 does it make sense to require all UEs know these. One method to achieve frequency allocation in NR is to provide indices based on a relative distance between the CORESET used for the DCI and the allocated resources. 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. 5 from the agreement quoted in the introduction). For UEs configured with 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 semi-statically configurable (Opt. 1/2) to limit the DCI payload. Opt. 3 is less desirable given that it would require a UE to blind detect multiple DCI formats with multiple format sizes. Furthermore, it’s not clear that such dynamic configuration is required. Basing the RBG size on the transmission duration (Opt. 4) limits the scheduling granularity. Having larger RBG size for shorter duration transmissions limits the ability to transmit a wide range of TB sizes by varying transmission duration.
Proposal 3: RBG size is defined per BWP. The RBG size can be determined as a function of the numerology and bandwidth of a BWP in combination with a configurable parameter.
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.
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: If RBG size 2 is excluded from the type 0 RBG size set, then at most 3 bits can be reduced from the bitmap size in some corner case.
Observation 3: When the number of RBs increases from 110 to 400, the type 2 RIV length increases slightly from 13 bits to 17 bits.

Observation 4: For RA type 2, by changing the granuality of both the starting position and the length from 1 RB to 2, the RIV size can be reduced at least by 1 bit.
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. The RBG size can be determined as a function of the numerology and bandwidth of a BWP in combination with a configurable parameter.
Proposal 4: Indication of RBs within a bandwidth part is done by indexing relative only to the bandwidth part’s frequency resources and numerology.
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