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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 
· Can start at any OFDM symbol, at least above 6 GHz
· A mini-slot contains DMRS at position(s) relative to the start of the mini-slot 
In RAN1#Ad Hoc meeting, agreements for mini-slot design are given as follows [3]
· Take into account following targets/use-cases to design mini-slots:
· Support of finer TDM granularity of scheduling for the same/different UEs within a slot
· Especially if TRxP uses beam-sweeping (e.g., above 6GHz).
· NR-LTE co-existence
· Note that this use case also exists for slot-based scheduling
In RAN1#86b, it is agreed for beam management that [2]:
· Support using same or different beams on control channel and the corresponding data channel transmissions
In RAN1#88, it is agreed for data channel beam indication that [4]:
· For reception of unicast DL data channel, support indication of spatial QCL assumption between DL RS antenna port(s) and DMRS antenna port(s) of DL data channel: Information indicating the RS antenna port(s) is indicated via DCI (downlink grants)
· FFS when the indication is applied (e.g., the indication is assumed only for the scheduled PDSCH or until next indication; when the above information is included, if there should be a scheduling/beam switch offset, etc.)
In this contribution, we will present our views on the usage of mini-slot for eMBB in licensed band, which mainly focus on the mmWave use case.
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 is allocated among UEs within the coverage of this beam. To improve the spectrum efficiency in HF, the mini-slot is supported for a finer time granularity of scheduling [3]. 
In addition, the multiplexing scheme between users should be further considered. TDM can be the baseline considering the analog or hybrid beamforming. TDM+FDM should be further considered due to the following two reasons:
· If different users are totally TDMed, the beamforming gain for each UE can be maximized, but some frequency resource might be wasted since the whole bandwidth is allocated to one UE, especially for the case that the UE bandwidth capability is far less than the carrier bandwidth capability.
· If the gNB support multiple panels with multiple RF chains, multiple beams can be carried out simultaneously and the resource for different beams can be FDMed for different UEs. 

Proposal 1: For the multiplexing scheme between users above 6GHz, TDM and TDM+FDM should be supported.
Specifically, 1symbol mini-slot has been agreed to support for above 6GHz [1]. As a data scheduling unit, the payload size of 1 symbol mini-slot highly depends on the available bandwidth. To transmit a similar TBsize of 20M bandwidth in LTE, a bandwidth larger than 1GHz is required for 60kHz SCS. Since the maximum bandwidth for one carrier is 400MHz [4]，it will be more complex for one symbol mini-slot to support a reasonable payload size. 
Besides, comparing 1 symbol mini-slot with 2 symbol mini-slot for the similar payload size, the bandwidth can be reduced nearly by half and the overhead of 1-symbol mini-slot DMRS can be reduced approximately by half in 2-symbol mini-slot with sharing of DMRS between symbols. Thus, 2 symbol mini-slot is more favourable with relative lower bandwidth requirement and lower overhead compared with 1 symbol mini-slot for data.
Proposal 2: The numbers of symbols for mini-slots need to be down selected; at least 2-symbol mini-slot is preferred.
Flexible scheduling
In high frequency, eMBB transmission is always performed with beams. It is agreed [2] that beams for PDCCH and PDSCH can be same or different. Besides, the beams for PDSCH are indicated by PDCCH [4]. Considering the beam relationship between control and data, two scheduling examples are given in Fig. 1 and are described as follows:


Fig.1. Two examples for mini-slot scheduling in high frequency
· Example1: Beams for the PDCCH and PDSCH are same.
If the beams for the PDCCH and PDSCH are the same, as shown in Fig.1(a), the time/frequency resource and DMRS can be shared between these two channels, and the spectrum efficiency is better than the second example. However, the PDCCH is self-contained in the mini-slot and the overhead of monitoring of PDCCH should be considered.
· Example 2: Beams for the PDCCH and PDSCH are different.
If beams for the PDCCH and PDSCH are different, as shown in Fig.1(b), the time/frequency resource and DMRS cannot be shared between these two channels. The spectrum efficiency is relatively lower than the option1. Besides, time offset might be needed considering the delay with PDCCH decoding and receiving beam switching [4]. In this way, the PDCCH can be located in the first several symbols of a slot and the monitoring overhead can be reduced.
Proposal 3: Mini-slot with and without control channel both are supported.
The terminology of PRB is used to describe the mapping of certain physical channels to resource elements. The concept of PRB is described as M consecutive symbols in time domain and N consecutive subcarriers in frequency domain, where N is agreed as 12 [2]. However, the value of M should be further considered in NR since the scheduling unit in time domain consists at least both slot and mini-slot. Considering the co-existence of the different scheduling units, it is necessary to differentiate the definition of PRB among them. In other words, the value of M should be determined depending on the scheduling unit. As mentioned in [6], the PRB definition is based on 7 symbols for NCP for slot-based scheduling, but a different terminology (e.g., short-PRB or s-PRB) should be defined when the time domain granularity is less than a slot. For mini-slot based scheduling, the terminology of s-PRB should be determined according to the mini-slot symbol length.
On the one hand, it should be noted that 2 symbol mini-slot may not flexible enough for variable payload size. Defining multiple mini-slot lengths may increase the specification complexity and mini-slot aggregation can be considered. 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 [5]. Considering that TDM between mini-slots is necessary for above 6G system, changing the amount of retransmission through flexible mini-slot aggregation is more preferred. 
Besides, it was agreed that mini-slot can be utilized for NR-LTE co-existence [3]. Considering the co-existence, mini-slot should be scheduled onto the symbols without affecting the critical channel/signal in LTE, e.g., PDCCH, CRS. In order to avoid collision with CRS symbols in LTE, multiple mini-slots can be located within one subframe with the assumption of timing alignment between NR and LTE. Mini-slot aggregation can be also considered here to reduce the control overhead if the resources of these mini-slots are scheduled for the same UE(s). 
Proposal 4: Mini-slot aggregation can be considered to achieve longer length if needed.
Conclusion
Based on the analysis above, we have the following proposals:
Proposal 1: For the multiplexing scheme between users above 6GHz, TDM and TDM+FDM should be supported.
Proposal 2: The numbers of symbols for mini-slots need to be down selected; at least 2-symbol mini-slot is preferred.
Proposal 3: Mini-slot with and without control channel both are supported.
Proposal 4: Mini-slot aggregation can be considered to achieve longer length if needed.
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