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1. Introduction & Background

In NR, more flexible frame structure was discussed to fulfill the different requirements of NR services such as low latency. As discussed in 3GPP RAN1#86bis, a NR slot can contain 7 / 14 symbols with NCP and SCS up to 60KHz, or 14 symbols with NCP and SCS higher than 60KHz. In 3GPP RAN1#86bis, it is also agreed that [1]
Agreements:
· Slot aggregation is supported

· Data transmission can be scheduled to span one or multiple slots

which means that the scheduling duration of data may be one slot or multiple slots. In addition, to further adapt to the low latency services such as URLLC, even shorter scheduling duration was discussed. The smallest mini-slot has been agreed as the possible smallest scheduling unit [2]. The length of the mini-slot was further discussed in [3], it was agreed that
Agreements:
· Mini-slots have the following lengths
· At least above 6 GHz, mini-slot with length 1 symbol supported

· FFS below 6 GHz including unlicensed band

· FFS for URLLC use case regardless frequency band

· FFS whether DL control can be supported within one mini-slot of length 1 

· Lengths from 2 to slot length -1

· FFS on restrictions of mini-slot length based on restrictions on starting position 

· For URLLC, 2 is supported, FFS other values 

· Note: Some UEs targeting certain use cases may not support all mini-slot lengths and all starting positions

· Can start at any OFDM symbol, at least above 6 GHz

· FFS below 6 GHz including unlicensed band

· FFS for URLLC use case regardless frequency band
· A mini-slot contains DMRS at position(s) relative to the start of the mini-slot
Therefore, the mini-slot has variable length. When the UE is scheduled with mini-slot, it may need additional information than the legacy scheduling. The length of the mini-slot should be known to the UE.

In the contribution, we discuss the flexible length scheduling in NR.

2. Slot aggregation
Slot aggregation is agreed in NR and data can be scheduled to span over one or mlutiple slots. To implement slot aggregation, two possible schemes may be applied. 

Option 1: schedule a TB in each slot ;


Option 2 : schedule a TB over multiple slots.
The above two options are shown in Figure 1 and Figure 2. In option 1, the TBs in each slot can be different TBs or different versions of the same TB as shown in Figure 1. If different TBs are transmitted in each slot, then corresponding HARQ process can be mapped to each TB, and retransmission will only be associated to the currupted TB. When different versions of the same TB are transmitted in each slot, the latency and the reliability can be improved, which is the TTI bundling scheme. A single HARQ process is associated with the aggregated slots. For option 2, a single TB is spaned over the N aggregated slots. The TB size is much larger than that of option 1. The scheduling will be relatively less flexible. A single HARQ process is associated with the aggregated slots.
The slot aggregation can be a semi-static procedure informed by RRC signaling, or a dynamic procedure informed by DCI. The number of aggregated slots may vary according to the data traffic, channel status, etc. In this case, option 2 will introduce more TB sizes than option 1, i.e., the size of a TB for two-slot aggregation will be different from the size of a TB for 4-slot aggregation. Meanwhile, option 1 is able to adapt more flexibly to the channel status, e.g. different slot may be scheduled with different MSC, RA, etc. This will definitely increase the signaling overhead. The extreme case will be retreated to the single slot scheduling. Therefore, the trade-off between the flexibility and the signaling overhead should be considered in the slot aggregation scheme design. In addition, since the scheduling information will be sent in the DL control channel of the first slot, in order to further improve the resource utilization, the resources reserved for DL control channel in the following aggregated slots may also be used for data transmission.
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Figure 1 TB per slot mapping
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Figure 2 TB per aggregated slots mapping
Proposal 1: The TB per slot mapping and TB per aggregated slots mapping should be considered as the candidate schemes for slot aggregation.
3. Mini-slot scheduling
Mini-slot length has been agreed to be less than the slot length, i.e. the number of the symbols in a mini-slot ranges from 1 to (the number of symbols in a slot -1). The length of the slot with SCS up to 60 kHz can be 7 and 14 symbols (with possible down selection), the length of the slot with SCS larger than 60 kHz is 14 symbols. Therefore, there will be up to 13 possible lengths for mini-slot. Therefore, in addition to the resource scheduling information indicated in the DCI, additional field may be required to indicate the length of the mini-slot in order to distinguish the different types of mini-slots with different lengths. Taking into account the minimum size of the mini-slot, UE may need to monitor every symbol in the slot, which brings challenge to the UE battery. 
The definition of PRB in time domain has not been identified yet. One option is to define the PRB in time domain as in LTE, i.e. per slot. Then regarding the mini-slot scheduling, scaling factors may be required to calculate the TBS since the mini-slot length is shorter than a PRB in time domain. Similar design methodologies for the TBS of DwPTS can be employed. 
Another option for mini-slot scheduling is to limit the length of mini-slot to a certain set. The scheduling of other length can be realized by aggregating the mini-slots in the set. For example, the mini-slot length is set to be {1, 2, 4} symbol(s), then a 8-symbol mini-slot scheduling can be realized by aggregating two 4-symbol mini-slots. Less indication bits and scaling factors are needed by slightly increasing the scheduling complexity.
Observation 1: Scaling factors may be required to calculate the TBS of mini-slot. 
Observation 2: Mini-slot aggregation may be considered for mini-slot scheduling. 
Proposal 2: The length of the mini-slot should be indicated to the scheduled UE.
4. Conclusion

In this contribution, we investigate the flexible length scheduling in NR, and the aggregation of slots and mini-slot scheduling are discussed. Following observations and proposals are given: 
Observation 1: Scaling factors may be required to calculate the TBS of mini-slot.
Observation 2: Mini-slot aggregation may be considered for mini-slot scheduling.
Proposal 1: The TB per slot mapping and TB per aggregated slots mapping should be considered as the candidate schemes for slot aggregation.
Proposal 2: The length of the mini-slot should be indicated to the scheduled UE.
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