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1. [bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN1#87 meeting, agreements for mini-slots are as follows [1]
· 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 
In this contribution, we will present our views on the usage of mini-slot for eMBB at above 6GHz.
1. [bookmark: _Ref129681832]Scenario description
[bookmark: OLE_LINK90][bookmark: OLE_LINK89]In [2], it has been agreed to support the slot length of 14 and 7 symbols considering different subcarrier spacing. In high frequency above 6GHz, the analog or hybrid beamforming is adopted to compensate the high penetration loss. To reduce the cost of massive MIMO, the analog beamforming or the analog part of the hybrid beamforming is mostly carried out with phase shifters. Thus, if the beam is pointed to one direction, the whole bandwidth will be allocated to the UEs in this direction. In this condition, slot length with 7 or 14 symbols may become spectrum inefficient since the whole bandwidth are allocated among UEs within the coverage of this beam. To improve the spectrum efficiency in HF, the mini-slot with less symbols than slot length should be considered to support. 
In addition, the multiplexing scheme between users should be further considered. If different users are totally TDMed, the beamforming gain for each UE can be maximized, but some frequency resource might be wasted with the whole bandwidth. While if users within the same analog beam are FDMed and TDMed between different analog beams, the beamforming gain for each UE might become lower compared to the totally TDMed scheme, but the resource waste can be reduced. Thus, whether TDM or TDM+FDM between UEs should be further studied.
Proposal 1: TDM or TDM+FDM between UEs should be studied with mini-slots.
Specifically, 1symbol mini-slot has been agreed to support in the last meeting for above 6GHz [1]. As a data scheduling unit, the payload size of 1 symbol mini-slot highly depends on the bandwidth. To transmit a TBsize of 20M bandwidth in LTE, about 1GHz bandwidth is needed with 1 symbol mini-slot in high frequency with 60kHz subcarrier spacing. Besides, considering the overhead of reference signal, and furthermore the possible self-contained control channel, the bandwidth for transmitting such a TBsize may become even larger. Large bandwidth are mostly available in higher frequency, thus, the necessity of 1 symbol mini-slot may be only reasonable in higher frequency with large bandwidth. 
Observation: 1 symbol mini-slot is only reasonable for large bandwidth in high frequency, but the overhead of control and reference signals needs to be compared to a 2-symbol mini-slot.
In addition, supporting 1 to (slotlength-1) types of symbol number may not be necessary and some down selection should be considered. Since 2-symbol mini-slot is deemed beneficial by RAN1 below 6 GHz, and a unified design would help simplify the design and potentially be better in terms of reference signal overhead, a limitation to a single mini-slot size should be considered.
Proposal 2: Down selection of the numbers of symbols for mini-slots need to be considered and 2-symbol mini-slot can be a unified design for low and high frequencies.
Scheduling
During frame structure discussion, it is agreed that slot aggregation is supported and data transmission can be scheduled to span one or multiple slots. Similarly, mini-slot aggregation should be supported. Especially, flexible mini-slot aggregation, i.e., the number of aggregated mini-slot is indicated dynamically, is beneficial. On the one hand, 1 symbol mini-slot may not enough for large packet. Flexible mini-slot aggregation allows the gNB MAC scheduler can instantaneously adapt the scheduled mini-slots to the gNB MAC buffer status, i.e., the TTI duration can be matched to the packet size of the data transmission. On the other hand, flexible mini-slot aggregation can improve the spectrum efficiency for eMBB through flexible HARQ. As allocating less resources to retransmission than initial transmission can potentially avoid resource waste and have significant throughput gain [3]. Considering that TDM between mini-slots might be necessary for above 6G system, changing the amount of retransmission through flexible mini-slot aggregation is more preferred. 
Proposal 3: Mini-slot aggregation can be considered.
HARQ
In previous meetings, it is agreed that the timing relationship can be indicated dynamically or semi-statically. For slot-based scheduling, NR specification should support the following 
· DL data reception in slot N and corresponding acknowledgment in slot N+K1 
· UL assignment in slot N and corresponding uplink data transmission in slot N+K2

Similarly, the timing indication should also be supported for mini-slot based scheduling at least for above 6GHz. Different from slot-based scheduling, the unit of indicated timing should be scaled down accordingly. There are following two approaches for the unit of indicated timing.
· Symbol. It can provide fine granularity for timing. However, it needs a large indication overhead, especially when cross-slot scheduling or feedback is supported.
· Length of scheduled mini-slot. It is straightforward from slot-based scheduling. However, it should introduce some constraints. For example, the mini-slot length should be aligned. Besides, the gap between data reception symbol and corresponding feedback symbol also should be integer multiple of the mini-slot of scheduled UEs.

Proposal 4: Study symbol and mini-slot as the unit of indicated timing for mini-slot based scheduling.
[bookmark: OLE_LINK2]As for the number of HARQ processes, the following agreements were approved at RAN1#86bis:
· NR supports operation of more than one DL HARQ processes for a given UE
· NR supports operation of more than one UL HARQ processes for a given UE
· NR supports operation of one DL HARQ process for some UEs
· NR supports operation of one UL HARQ process for some UEs
[bookmark: OLE_LINK3]
Consecutive transmission is important to improve the eMBB spectrum efficiency. From the number of HARQ process aspect, consecutive transmission can be discussed with two options: one HARQ process or more than one HARQ process. One HARQ process is implemented with the self-contained feedback and back-to-back scheduling. However, mini-slot may have less symbols than slot and the overhead of DL/UL switching gap might be more significant. It incurs more overhead and is against the motivation of consecutive transmission for eMBB. So one HARQ process may not needed. Therefore, NR should support multiple DL/UL HARQ processes for mini-slot based scheduling for eMBB.
Proposal 5: Support multiple DL/UL HARQ processes for mini-slot based scheduling of eMBB traffic.
Conclusion
[bookmark: _GoBack]For the mini-slot for eMBB above 6GHz, we have the following proposals:
Proposal 1: TDM or TDM+FDM between UEs should be studied with mini-slots.
Observation: 1 symbol mini-slot is only reasonable for large bandwidth in high frequency, but the overhead of control and reference signals needs to be compared to a 2-symbol mini-slot.
Proposal 2: Down selection of the numbers of symbols for mini-slots need to be considered and 2-symbol mini-slot can be a unified design for low and high frequencies.
Proposal 3: Mini-slot aggregation can be considered.
Proposal 4: Study symbol and mini-slot as the unit of indicated timing for mini-slot based scheduling.
Proposal 5: Support multiple DL/UL HARQ processes for mini-slot based scheduling of eMBB traffic.
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