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[bookmark: _Ref298777854]Introduction
The envisioned application space of NR is very wide and spans MBB as well as various kinds of machine-type communications. MBB services benefit from a frame structure using subframes similar to LTE. For latency critical services transmission duration and transmission starting points limited to subframes might be too restrictive, [1] therefore proposes to complement subframes with shorter transmission units. The choice of the subframe length is a compromise between MBB requirements (which often benefit from larger subframe durations) and latency critical services that are still supported with the regular subframe structure without requiring shorter transmission units. 
In [1] the subframe duration is proposed to be 0.5 ms for 15 kHz numerology, which is half as long as an LTE subframe. To enable same or even more efficient UL transmission in NR compared to LTE this paper proposes multi-subframe UL scheduling to be able to create 1 ms and even longer UL transmissions.

Discussion
Frame structure candidate for NR
A commonly considered frame structure candidate for NR TDD is depicted in Figure 1, corresponding to the subframe-based structure in [1]. In this frame structure, a downlink transmission if followed by a short uplink transmission to feedback ACK/NACK. Depending on the decoding latency of the UE, the ACK/NACK may relate to the downlink transmission in the same subframe interval or to an earlier downlink transmission. 
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[bookmark: _Ref455069995]Figure 1	Frame structure candidate for NR TDD
In Figure 1, a subframe interval is assumed to be the shortest time duration is shown over which such a downlink-uplink combination is possible (in [1] the possibility for even shorter transmission units than one subframe are discussed). We note that the uplink part at the end of the subframe interval may not be present in every subframe interval and one can have subframe intervals only containing downlink or uplink transmissions. 
Figure 2 shows an uplink transmission in TDD that is scheduled by an uplink grant (DCI) transmitted at the beginning of the same subframe interval. In this figure we assume the UE can prepare an uplink transmission fast enough to transmit the uplink during the same subframe interval. If this is not feasible the uplink grant would be transmitted in an earlier subframe. Between downlink transmission and uplink transmission a guard interval is needed for the duplex switching.
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[bookmark: _Ref455152813]Figure 2	A single uplink transmission in TDD
As said in the Introduction the subframe duration is a compromise between MBB services and machine type communication services that are still supported by the subframe structure without require shorter transmission units. For uplink heavy transmissions a single subframe duration is too short and multiple uplink transmission are scheduled subsequently, see Figure 3. Each time the duplex direction is changed a guard interval is needed to enable uplink to downlink and to downlink to uplink switches. For uplink-heavy MBB transmissions a common scheduling pattern would be that one depicted in Figure 3. The many guard periods and uplink grants result in high overhead. 
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[bookmark: _Ref455152835]Figure 3	Multiple contiguous uplink transmissions in TDD
Multi-subframe scheduling
Reduced overhead
To reduce overhead it is proposed to enable scheduling of multiple uplink subframes to the same UE using either a single PDCCH or multiple PDCCH (transmitted in the same subframe interval), see Figure 4. This figure assumes TDD and a fast UE that can prepare its uplink transmission in the same subframe interval. In a TDD system the largest overhead savings come from the fewer guard times compared to single-subframe scheduling, compare with Figure 3.
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[bookmark: _Ref455152916]Figure 4	Multi-subframe uplink scheduling in a TDD system
Proposal: Multi-subframe scheduling in uplink is supported.
Benefits for unlicensed operation
For unlicensed operation, one shall access the channel following the regulatory rules. For example, one transmission opportunity (TXOP) shall not exceed Maximum Channel Occupancy Time (MCOT) and Listen Before Talk (LBT) shall be performed before accessing the channel. For uplink data transmission, both the UL grant transmission by the base station and the UL data transmission by the UE need LBT in order to take the channel. Multiple-subframe scheduling in uplink is an efficient method to reduce the guard times as well as LBT attempts. As an effect of reducing LBT attempts, multiple-subframe scheduling in uplink can help the channel occupation for unlicensed operation of NR. Some agreements and discussions with respect to multi-subframe scheduling in eLAA-LTE concluded in [2] could be a good reference.
Proposal: Multi-subframe scheduling design for unlicensed operation in uplink shall consider the regulatory rules.

Conclusion
In this contribution benefits of uplink multi-subframe scheduling have been analyzed for both operation in licensed and unlicensed spectrum. It is proposed to adopt multi-subframe scheduling in the uplink.
Proposal: Multi-subframe scheduling in uplink is supported.
Proposal: Multi-subframe scheduling design for unlicensed operation in uplink shall consider the regulatory rules.
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