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Introduction
[bookmark: _GoBack]Transmissions in NR will, similarly to LTE, be scheduled as a baseline (although contention-based or “pre-scheduled” mode-of-operations are preferably supported in addition). In LTE, transmissions are organized in subframes and one subframe is thus the smallest schedulable unit in the time domain in LTE (at least prior to the ongoing low-latency work for LTE). For NR, the definition of a subframe (if any) is still open.
Discussion
In principle, transmissions can start at a given time instant aligned to a time scale with a ‘tic’ every OFDM symbol. Expressed differently, the smallest time granularity when a transmission may start is given by the OFDM symbol duration. If a ‘subframe’ is defined it is likely to correspond to multiple OFDM symbols with a ‘subframe’ starting every n:th OFDM symbol. To simplify the discussion, the term ‘transmission unit’ is used in the following to describe the interval during which the transmission takes place while ‘subframe’ denotes the regular time structure starting at every n:th OFDM symbol.
A relevant question is whether transmissions may start
· only at the start of a subframe, i.e. a ‘transmission unit’ is aligned to a ‘subframe’ (top of Figure 1), or
· at ‘any’ OFDM symbol, i.e. a ‘transmission unit’ is not necessary aligned to a ‘subframe’ (bottom of Figure 1).
In the following, the consequences of adopting one or the other of these two approaches are discussed. 
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[bookmark: _Ref458413102]Figure 1: Subframes and transmission intervals.
Transmission starts at subframe boundaries only
In the first case, which is similar to LTE Rel-8, transmissions may start only at subframe boundaries, i.e. the transmission unit is identical to a subframe. To allow for sufficient low latency, n need to be relatively small, i.e. the basic subframe duration needs to be short. Services not requiring low latency may use an aggregation of multiple subframes as shown in Figure 2 to reduce the control signaling overhead. Efficient operation in unlicensed spectrum also calls for a short subframe duration in this case as it is beneficial to start transmission as soon as possible after the listen-before-talk procedure declares the channel to be available. 
The shortest possible subframe duration (if equal-length subframes are desired) is 7 OFDM symbols, implying the shortest transmission unit being 7 OFDM symbols. At 15 kHz subcarrier spacing this corresponds to 0.5 ms and a relevant question is whether this is short enough for low-latency services. In the LTE work item on latency reduction an even smaller time unit than ‘subframe’ has been found beneficial and a ‘transmission unit’ (or sTTI as the term used in LTE) of 2 OFDM symbols is assumed, in essence moving away from the ‘subframe’ being the smallest schedulable time unit. Restricting NR to stick with 7 OFDM symbol long subframes may therefore be disadvantageous in comparison with LTE. Using higher subcarrier spacing is of course one possibility to shorten the subframe duration, but as the cyclic prefix length is reduced proportionally, it may not be a feasible option in all deployment scenarios.
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[bookmark: _Ref457581844]Figure 2: Short subframes with aggregation.
Transmission starts at any OFDM symbol
Another alternative is to allow the transmission unit to start at ‘any’ OFDM symbol, i.e. a not only at subframe boundaries, to better serve low-latency services. For many services, e.g. MBB, a transmission unit coinciding with a subframe is sufficient and a subframe length of 7 OFDM symbols (or maybe even 14 OFDM symbols) is appropriate. Services requiring very low latency can instead be allowed to start at ‘any’ OFDM symbol using a transmission unit shorter than a subframe as illustrated in Figure 3. This could also be seen as a generalization of the approach taken in the LTE latency reduction work item.
The possibility to start transmissions not only at subframe boundaries but at a finer granularity can also be beneficial for operation in unlicensed spectrum, allowing transmissions to start ‘immediately’ after the LBT operation. In the LAA work, partial subframes was introduced for this reason and a transmission unit shorter than a subframe can also be seen as a generalization of this approach.
To limit complexity, support for a transmission unit not identical to a subframe could be a UE capability. One could also envision other restrictions for shorter transmission units, e.g. limited support for the highest data rates, most advanced multi-antenna schemes, etc. 
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[bookmark: _Ref457644988]Figure 3: Transmissions may start at any OFDM symbol boundary.
Conclusion
It is proposed to adopt approach 2 above, i.e. 
· to have a structure that allows (latency-critical) transmissions to start at a finer time granularity than the basic subframe duration, and 
· to allow for a transmission unit shorter than the subframe length.
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