3GPP TSG RAN WG1 Meeting NR#3
R1-1715714
Nagoya, Japan, 18-21 September 2017
Agenda Item:
6.3.3.7
Source:
Huawei, HiSilicon
Title:
On uplink data scheduling and hopping
Document for:
Discussion and decision 
1 Introduction

The following agreements on uplink data scheduling were achieved during previous meetings [1]

 REF _Ref490225153 \r \h 
[2]

 REF _Ref490215964 \r \h 
[3]:
Agreements [1]
· Similar to LTE, the number of RBs allowable for DFT-s-OFDM waveform should be N = 2i3j5k. 
Agreements [2]
· 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 [3]
· 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 UL RA type 0 is supported for PUSCH with CP-OFDM waveform and with DFT-s-OFDM waveform.
Based on the lasted email discussion, the following agreement is achieved:
· For cross-carrier scheduling
· PDCCH and the scheduled PDSCH/PUSCH can have different or the same numerologies
· The time granularity indicated in the DCI for the timing relationship between DCI and the corresponding PDSCH/PUSCH follows the numerology of the PDSCH/PUSCH transmission.
In this contribution, we address some considerations on uplink data scheduling.

2 Uplink resource allocation in frequency domain

In NR, uplink transmission could be based on either CP-OFDM-based or DFT-s-OFDM-based. The same resource allocation scheme, i.e., uplink resource allocation type 1 is supported in UL resource allocation for both CP-OFDM-based PUSCH and DFT-s-FDMA-based PUSCH. 
In LTE, due to the tradeoff between resource allocation flexibility and DFT operation complexity, the bandwidth of PUSCH in terms of resource blocks should satisfy N = 2i3j5k. Such restriction is not necessary for CP-OFDM-based PUSCH due to no additional DFT operation for CP-OFDM-based PUSCH. Therefore, the number of PRBs allocated for a UE could be any number as in LTE downlink within OFDM waveform.

Proposal 1: In NR uplink resource allocation, the number of RBs allowable for CP-OFDM-based PUSCH 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.
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Figure 1 Frequency hopping with 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 BWPs are partially overlapped, shown in Figure 1(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 Figure 1(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 is smaller than system bandwidth, physical resource after hopping outside of BWP would be ignored, shown in Figure 1(c).
Proposal 2: For frequency hopping, bandwidth where hopping is applied to should be clarified.
Moreover, NR supports slots aggregation and data transmission can be scheduled over 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 2, 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 2 Frequency hopping collision
Proposal 3: Frequency hopping should avoid collision of different transmission durations.
3 Conclusion
Proposal 1: In NR uplink resource allocation, the number of RBs allowable for CP-OFDM-based PUSCH should not be restricted to N = 2i3j5k.
Proposal 2: For frequency hopping, bandwidth where hopping is applied to should be clarified.
Proposal 3: Frequency hopping should avoid collision of different transmission durations.
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