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1 Introduction

In RAN1# 89 meeting [1], scheduling aspects were discussed and the following agreements were achieved:
Agreements:
· For DFT-s-OFDM based NR-PUSCH transmission, contiguous RB allocation with/without frequency hopping are supported
· At least intra-slot frequency hopping is supported for 14 symbol slot case
· FFS on detailed resource allocation

· FFS on detailed frequency hopping for PUSCH

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

In RAN1#88 meeting [2], scheduling aspects were discussed and the following agreements were achieved:

Agreements:
· 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
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
In RAN1#88bis meeting [3], it was agreed that:
Agreements:
· Similar to LTE, the number of RBs allowable for DFT-s-OFDM waveform should be N = 2i3j5k. 
In RAN1#NR ad-Hoc meeting [4], it was agreed that:
Agreements:
· Timing between UL assignment and corresponding UL data transmission is indicated by a field in the DCI from a set of values

· The set of values is configured by higher layer

In this contribution, we address some considerations on uplink data scheduling.

2 Discussion
2.1 Uplink scheduling in time domain

It has been agreed that for slot-based scheduling, the UL scheduling delays between the UL grant and the PUSCH transmission are indicated via a combination of higher layer signaling and indication in the DCI. NR will support scheduling functionalities for both data and control with at least the same numerology. Therefore, from the perspective of UE, control and corresponding data channel will usually have the same numerology shown in Figure 1, where the understanding of uplink scheduling delay is aligned between gNB and UE.
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Figure1. Different scheduling delays between UL grant and corresponding PUSCH.
To reduce time for PDCCH demodulation and decoding, downlink of NR carrier may use a large subcarrier spacing (SCS). For uplink coverage consideration, uplink of NR carrier may use a small SCS. Moreover, RAN1#NR Ad-hoc meeting agreed UL-only sharing scenario, where LTE uplink spectrum is shared between LTE and NR, and LTE downlink spectrum is not shared. In addition, RAN4#82bis meeting agreed some NR bands for the UL-only sharing scenario [3]. The NR downlink and uplink carrier within 3.5GHz may use the numerology with 30 kHz SCS, while the NR uplink-only carrier within 1.8GHz may use the numerology with 15 kHz SCS. From the perspective of UE, the control and corresponding data channel may have the different numerologies. The uplink data transmission on 1.8G uplink-only carrier could be supported by cross-carrier scheduling. As a result, there may be misalignment about UL grant timing between gNB and UE. In Figure 2, the uplink grant in 3.5G NR downlink slot0 decides scheduling the uplink transmission in 1.8G uplink slot1, which value should be the uplink scheduling delay K2? From the perspective of gNB based on short-time-scale basis, timing between UL grant and corresponding UL data transmission should be 2 slots. From the perspective of UE based on long-time-scale basis, timing between UL grant and corresponding UL data transmission should be 1 slot. Thus, a reference time-scale should be defined for the case within different numerologies.
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Figure 2. Which value should be the uplink scheduling delay?
Proposal 1: Uplink scheduling should consider both same and different numerologies between control and corresponding data channel, and a reference time-scale should be defined for the case within different numerologies.
2.2 Uplink resource allocation in frequency domain

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, namely indication of a bandwidth part (BWP) for a UE and then indication of the PRBs within the BWP. This part mainly focus on the indication of the PRBs within BWP.
In NR, uplink transmission could use either OFDM waveform or DFT-s-OFDM waveform. Therefore, the uplink resource allocation should consider the UEs using both OFDM and DFT-s-OFDM waveforms. In LTE, the downlink and the uplink resource allocations are based on OFDM and DFT-s-OFDM waveforms respectively, and the resource allocations in LTE downlink and uplink are summarized as follows:

· For OFDM in LTE downlink, contiguous and non-contiguous resource allocation are supported, there are 3 kinds of downlink resource allocation types to scheduling the VRBs within the carrier bandwidth. Type 0/1 is based on bitmap and Type 2 is based on Resource Indication Value (RIV) which indicates a start VRB and a length of the VRB. Bitmap can be used for both contiguous and non-contiguous resource allocations, while RIV based Type 2 can be only used for contiguous virtual resource allocations. 

· For DFT-S-OFDM in LTE uplink, contiguous and non-contiguous resource allocation are supported, there are mainly 2 kinds of uplink resource allocation types to scheduling the VRBs within the carrier bandwidth. RIV based Type 0 indicates to a schedule UE a set of contiguously allocated virtual resource block indices, while combinatorial index based Type 1 indicates to a scheduled UE two sets of resource blocks with each set including one or more consecutive resource block group. In the Type 0 uplink resource allocation, virtual resource blocks are physical resource blocks when frequency hopping is disable. Furthermore, there are 2 kinds of uplink resource allocation types to scheduling resource for bandwidth-reduced Low-complexity or Coverage Enhanced (BL/CE) UEs, and 1 kind of uplink resource allocation type to schedule interlace structure uplink transmissions in eLAA SCell.

Both CP-OFDM and DFT-s-OFDM waveforms are support in NR uplink, and it seems unreasonable to use different resource allocation scheme for different waveforms due to requirements on DCI formats. Based on resource allocation in LTE DL and UL, the common part is contiguous resource allocation, which should be supported in NR uplink data scheduling. If combinatorial index based resource allocation scheme is supported in NR uplink scheduling, the scheduling flexibility will be restricted for UE using OFDM waveform. On the other hand, if bitmap based resource allocation scheme is supported in NR uplink scheduling, contiguous resource blocks could be ensured by gNB scheduling implementation. Thus, bitmap based resource allocation should be supported in NR uplink data scheduling. 

In summary, the same resource allocation scheme, such as bitmap and contiguous resource allocation schemes, should be supported for NR uplink within both DFT-s-OFDM and OFDM waveforms. 

Proposal 2: The same resource allocation scheme, such as bitmap and contiguous resource allocation schemes, should be support for NR uplink scheduling within both DFT-s-OFDM and OFDM waveforms.
The number of PRBs allocated for a UE could be any number in LTE downlink within OFDM waveform, while the number of PRBs allocated for a UE should be N = 2i3j5k in LTE uplink within DFT-s-OFDM waveform. Therefore in NR uplink resource allocation, it is valid to allocate 2i3j5k PRBs for a UE using OFDM waveform, while it is invalid to allocate 2i3j5k PRBs for a UE using OFDM waveform.

Proposal 3: In NR uplink resource allocation, the number of RBs allowable for OFDM waveform should not be restricted to N = 2i3j5k.
To obtain uplink diversity in LTE uplink, inter-subframe and intra-and-inter-subframe frequency hopping are supported for contiguous resource allocation. Similarly to LTE uplink, 14-symbol intra-slot frequency hopping is supported for contiguous resource allocation for UE using DFT-s-OFDM waveform. If hopping is used for uplink transmission, some considerations on UE-specific BWP seem necessary. In terms of hopping, overall the following approaches can be considered.

[image: image3.emf]UE1 BWP

UE2 BWP

VRB

Scheduled resource for UE1

Hopping collision

Scheduled resource for UE2

PRB

System bandwidth

Hopping-BWP1

UE2 BWP

VRB

Scheduled resource for UE2

PRB

System bandwidth

Hopping-BWP2 UE1 BWP

VRB

Scheduled resource for UE1

Hopping outside of BWP

PRB

System bandwidth

(a)

(b) (c)

 
Fig. 3. Frequency hopping within UE-specific BWP

(1) Frequency hopping only within the configured BWP: if this approach is used, physical resource after hopping may collide between two UEs when two UE-specific BWPs overlap and have different BWP size, shown in Fig. 3 (a).
(2) Frequency hopping within a Hopping-BWP: another approach is to apply frequency hopping only within a Hopping-BWP where a NR carrier can consist of multiple Hopping-BWPs. When UE-specific BWP is larger than a Hopping-BWP, a UE can be configured with multiple Hopping-BWP where hopping is applied within each Hopping-BWP. If virtual contiguous resource allocated for a UE cross two Hopping-BWPs, physical resource after hopping will become two clusters, shown in Fig. 3 (b).
(3) Frequency hopping across the system bandwidth: for frequency hopping, it is also considerable to use system bandwidth for distribution. If virtual contiguous resource allocated for a UE with BWP smaller than system bandwidth, physical resource after hopping outside of BWP would be ignored, shown in Fig. 3 (c).
Proposal 4: For frequency hopping, bandwidth where hopping is applied should be configured.
For unify design consideration, frequency hopping should be supported for contiguous resource allocation is applied for NR uplink within OFDM waveforms.
Proposal 5: Frequency hopping should be supported for contiguous resource allocation for UEs using OFDM waveform.
Moreover, NR supports slots aggregation and data transmission can be scheduled to span one or multiple slots. If frequency hopping is also supported for slots aggregation based uplink transmission, frequency hopping of different transmission durations may collide. For example shown in Figure 4, PUSCH of UE1 is scheduled with 2 slots aggregation, while PUSCH of UE2 is scheduled with 1 slot, and hopping of UE1 and UE2 are collided within slot 1. A simple solution is to configure different hopping subbands for different transmission durations, namely hopping of different transmission durations will be restricted to different hopping subbands.
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Figure 4. Frequency hopping collision
Proposal 6: Frequency hopping should avoid collision of different transmission durations.
3 Conclusion
Proposal 1: Uplink scheduling should consider both same and different numerologies between control and corresponding data channel, and a reference time-scale should be defined for the case within different numerologies.

Proposal 2: The same resource allocation scheme, such as bitmap and contiguous resource allocation schemes, should be support for NR uplink scheduling within both DFT-s-OFDM and OFDM waveforms.
Proposal 3: In NR uplink resource allocation, the number of RBs allowable for OFDM waveform should not be restricted to N = 2i3j5k.
Proposal 4: For frequency hopping, bandwidth where hopping is applied should be configured.
Proposal 5: Frequency hopping should be supported for contiguous resource allocation for UEs using OFDM waveform.
Proposal 6: Frequency hopping should avoid collision of different transmission durations.
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