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1 Introduction
In RAN1 NR Ad-Hoc#2 meeting [1], the following agreements for frequency-domain resource allocation 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

· […]

Also in RAN1#90 meeting [2], the following agreements for time-domain resource allocation were made:

Agreements:
	· NR supports some combinations of following:

· For the purpose of designing time-domain resource allocation scheme from UE perspective, assuming no prior information of DL/UL assignment, scheduling DCI informs the UE of the time-domain information of the scheduled PDSCH or PUSCH

· Following is informed to the UE:

· […]

· […]

· Non-slot (i.e., mini-slot) case:
· Starting symbol and ending symbol

· FFS: starting symbol is:

· Opt.1: Starting symbol of a slot

· UE is also informed of which slot it applies to

· Opt.2: Symbol number from the start of the PDCCH where scheduling PDCCH is included
· FFS: ending symbol is:

· Opt.1: Ending symbol of a slot

· UE is also informed of which slot it applies to

· Opt.2: Symbol number from the starting symbol
· Scheduling DCI with and without time domain field is supported

· Note: the starting symbol is the earliest symbol of the PDSCH or PUSCH including DMRS symbol in the case of PUSCH in a slot, FFS: PDSCH
· Note: the ending symbol is the latest symbol of the PDSCH or PUSCH in a slot

· FFS: signaling aspects, e.g., implicit, explicit, table, etc.

· FFS: which are valid combinations
· FFS: handling of semi-static UL/DL and SFI assignment


Moreover, in RAN1#90 meeting [2], the following was agreed for a common PRB indexing scheme for the DL:

Agreement:
· Common PRB indexing is used at least for DL BWP configuration in RRC connected state

· The reference point is PRB 0, which is common to all the UEs sharing a wideband CC from network perspective, regardless of whether they are NB, CA, or WB UEs. 

· An offset from PRB 0 to the lowest PRB of the SS block accessed by the UE is configured by high layer signaling

· FFS the configuration is by RMSI and/or UE-specific signaling

· The common PRB indexing is for maximum number of PRBs for a given numerology defined in Table 4.3.2-1 in 38.211
· FFS: common PRB indexing for RS generation for UE-specific PDSCH

· FFS: common PRB indexing for UL
In this contribution, we discuss different aspects of resource allocation and scheduling for NR.
2 Signalling of frequency-domain resource 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 [3]. 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 granularity, we can either change the starting position granularity or the RB length granularity, 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 granularity loss. In addition to the previous change of the length granularity, we can also change the starting position granularity 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 granularity.
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 granularity of both the starting position and the length from 1 RB to 2, the RIV size can be reduced at least by 1 bit.
3 Frequency-domain scheduling

Use of Bandwidth Parts

In RAN1#88 [4], 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.

In RAN1#90 a common PRB indexing scheme was agreed for the DL, which allows indication of BWP boundaries within a carrier:

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 1: 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 2: Indication of RBs within a bandwidth part is done by indexing relative only to the bandwidth part’s frequency resources and numerology.
4 Time-domain scheduling
One FFS aspect from the agreement for time-domain resource allocation is whether, in the non-slot (mini-slot) case, the “starting symbol” is referred to the slot start or to the start of the PDCCH. 

One important application of the non-slot case is scheduling of low-latency traffic. In such application the PDCCH is expected to be monitored in multiple (or even all) symbols of a slot. For downlink, the corresponding PDSCH may occur in the same symbol and/or in a few immediately subsequent symbols. For such a case, it would seem more natural and efficient that the starting symbol of PDSCH be referred to the start of the PDCCH that schedules it. In addition, given that the duration of PDSCH itself is expected to be short, referring the ending symbol to the starting symbol (i.e. indicating a number of symbols) would seem a more efficient approach and it would also avoid the need for explicitly indicating a ending slot to handle the case of a PDSCH allocation that straddles two slots. Similar considerations apply to PUSCH.

Proposal 3: For non-slot case, the starting symbol of PDSCH or PUSCH is indicated as a number of symbols from  the start of the scheduling PDCCH.

Proposal 4: For non-slot case, the ending symbol of PDSCH (PUSCH) is indicated as a number of symbols from the starting symbol of PDSCH (PUSCH).
Another signaling aspect is the size of the field(s) indicating the information in the DCI. For applications related to low-latency traffic it should be sufficient to support only a few combinations or even a single value. For example, the first symbol of PDSCH could always be the one immediately following PDCCH, in which case no additional indication would be required in DCI for this. On the other hand, for other applications such as scheduling of large transport blocks at higher frequencies, more flexibility may be required. Given this it would seem necessary that the field(s) indicating the information have size configurable for a given CORESET, possibly down to 0 bit.

Proposal 5: The size of the field(s) in the DCI indicating starting and ending symbols is configurable on a CORESET basis.

5 Conclusion

In this contribution, we briefly discussed the resource allocation issues 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 granularity.

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 granularity 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. We propose the following:
Proposal 1: 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 2: Indication of RBs within a bandwidth part is done by indexing relative only to the bandwidth part’s frequency resources and numerology.

Furthermore, we discussed issues related to time-domain allocation and scheduling. We propose the following:
Proposal 3: For non-slot case, the starting symbol of PDSCH or PUSCH is indicated as a number of symbols from the start of the scheduling PDCCH.

Proposal 4: For non-slot case, the ending symbol of PDSCH (PUSCH) is indicated as a number of symbols from the starting symbol of PDSCH (PUSCH).
Proposal 5: The size of the field(s) in the DCI indicating starting and ending symbols is configurable on a CORESET basis.
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