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1. Introduction

In RAN1#88bis meeting, the following agreement was made related to HARQ operation in NR, in terms of scheduled data duration [1].
	Agreements:
· The duration of a data transmission in a data channel can be semi-statically configured and/or dynamically indicated in the PDCCH scheduling the data transmission

· FFS: the starting/ending position of the data transmission
· FFS: the indicated duration is the number of symbols

· FFS: the indicated duration is the number of slots

· FFS: the indicated duration is the numbers of symbols + slots

· FFS: in case cross-slot scheduling is used
· FFS: in case slot aggregation is used
· FFS: rate-matching details

· FFS: whether/how to specify UE behavior when the duration of a data transmission in a data channel for the UE is unknown


In this contribution, we discuss and provide some view on data scheduling and HARQ operation for NR, in terms of DL HARQ timing, resource allocation method, TBS determination. 
2. Discussion

· DL HARQ timing
It was already agreed that DL HARQ timing (i.e., timing delay between DL data reception and the corresponding HARQ-ACK feedback transmission) is dynamically indicated in DCI. Besides, it was also agreed in the previous meeting that the duration (e.g., starting/ending symbol position) of DL data transmission can be semi-statically configured and/or dynamically indicated in DCI [1]. For the reduction of HARQ latency, it can be considered to differently configure DL HARQ timing according to the ending symbol of DL data transmission since different ending symbol position can provide different time budget for decoding of the DL data. For example, it can be considered to configure smaller HARQ timing value for the DL data ending with lower symbol index.
In addition, it was agreed to support in NR that DCI indicates the corresponding DL data reception timing as well as HARQ-ACK transmission timing. Based on this, if the timing indication fields for both DL data reception and HARQ-ACK transmission are included together in a single DCI, it would increase DCI overhead. For this reason, to support DL HARQ operation with dynamic HARQ timing indication, it is necessary to consider reasonable DCI overhead, for example, by applying dynamic indication only for one between DL data timing and HARQ-ACK timing (where the other timing can be semi-statically configured) or by using joint indication of the two timings. 

Proposal 1: It can be considered to configure DL HARQ timing according to the ending symbol of DL data transmission.
Proposal 2: It is necessary for DL HARQ to consider reasonable DCI overhead in case with dynamic HARQ timing indication.
· Resource allocation method
Under NR system environments, maximum BW capability could be different per UE, and it could be considered for UE implementation cost that the UEs having the same maximum BW capability support different maximum TBS, depending on decoding processing capability and soft buffer memory of each UE. On top of UE cost, the UE supporting smaller maximum TBS compared to its BW capability could have some merits with consideration of flexible resource allocation in both time domain (data duration) and frequency domain (RA in BW part) in NR operation. 

For example, it can be assumed that the maximum TBS (Y bits) of a UE is designed based on the combination of the maximum BW (M PRBs) supportable by the UE and the basic (reduced) data duration (A symbols). This means that allocating M PRBs are required to support the maximum TBS (Y) with data duration of A (e.g. 7) symbols. On the other hand, as shown in Figure 1, if data duration is increased to 2A (e.g. 14) symbols, allocating M/2 PRBs could be sufficient to support the same TBS (Y). In other words, allocable maximum BW would be reduced (increased) when scheduled data duration is increased (reduced). 

Considering this kind of data duration-dependent allocable BW, it can be considered in the aspect of RA that RBG size for frequency domain RA is adjusted according to the scheduled data duration (for example, RBG size can be reduced or finer in case with longer data duration) for more efficient/accurate resource allocation with reasonable DCI overhead. As another method, it can also be considered to apply joint encoding of data duration and frequency resource only for allocable BW size possible to be scheduled per data duration. 
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Figure 1

Proposal 3: For the resource allocation in both time and frequency domain in NR, data duration dependent PRB allocation can be considered. 
· TBS determination
In LTE, TBS is determined based on the number of PRBs and the MCS value indicated by DCI. In NR, on the other hand, duration of data transmission can be varied in each slot. In this reason, it is necessary to consider data duration as well as frequency resource for determining the TBS. In this regard, following two alternatives can be considered for TBS determination in NR. 
Alt 1: Define TBS table only according to the number of PRBs (as in LTE)

Alt 2: Define TBS table considering both frequency and time domain resource
In Alt 1, TBS table is defined only according to the number of PRBs (as in LTE) based on the basic (e.g. maximum) data duration. The assigned RB is scaled by the ratio of the allocated data duration to the basic data duration in order to determine actual TBS value. The scaling factor of allocated RB can be predefined according to data duration or dynamically indicated by the DCI. 
For Alt 2, TBS table is defined considering both PRB number and data duration. For example, defining basic resource unit X (e.g. certain amount of REs), TBS table can be defined the number of X. Given that, total number of REs scheduled in frequency (with PRBs) and time (with symbols) can be calculated as a multiple of X, then the corresponding TBS can be determined for the data transmission. For another example, TBS table according to the number of PRBs can be defined per data duration (e.g. multiple TBS tables), and then actual TBS can be determined by referring the TBS table corresponding to the scheduled data duration. In the above two cases, a same TBS can be determined for different (PRBs, symbols) combinations with same amount of REs.
Proposal 4: It is necessary to consider on actual TBS determination in NR with consideration of the resource allocation in both time and frequency domain. 
3. Conclusion
In this contribution, we discussed DL HARQ timing, resource allocation method, and TBS determination for data scheduling and HARQ operation for NR, and the following is proposed: 
Proposal 1: It can be considered to configure DL HARQ timing according to the ending symbol of DL data transmission.
Proposal 2: It is necessary for DL HARQ to consider reasonable DCI overhead in case with dynamic HARQ timing indication.
Proposal 3: For the resource allocation in both time and frequency domain in NR, data duration dependent PRB allocation can be considered. 
Proposal 4: It is necessary to consider on actual TBS determination in NR with consideration of the resource allocation in both time and frequency domain. 
4. Reference
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