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Introduction
Transmissions in the new RAT are organized in subframes, similarly to LTE although the subframe duration is likely to be shorter than LTE to allow for a lower overall latency and may scale with the applied numerology [1].
Requirements on the frame structure include:
· Allow for low latency. This requires fairly short basic subframe duration in the range of 100 – 200 µs but also the possibility for a fast feedback of the hybrid-ARQ acknowledgement.
· Allow for dynamic TDD, i.e. decisions on the “direction” (uplink or downlink) of a subframe is taken by the scheduler on a dynamic basis. 
· Allow for coexistence with LTE frame structure 2 in neighboring carriers
· Allow for variable transmission lengths, e.g. short transmissions for critical MTC and longer transmissions durations for MBB 
· Allow for “on the fly” processing for low latency
Frame structure
Based on the two “building blocks” in Figure 1,
· a downlink subframe with transmissions starting at the beginning of the subframe, and
· an uplink subframe with transmissions ending at the end of a subframe,
transmissions spanning one or more subframes can be composed as shown in Figure 2. Note that the structure allows for a very fast hybrid-ARQ acknowledgement with decoding being performed during the reception of downlink data and the hybrid-ARQ acknowledgement being prepared by the UE essentially during the guard period when switching from downlink reception to uplink transmission.
Transmissions do not have to be confined to a single subframe; multi-subframe transmissions are possible as shown in the right part of Figure 2. Having longer transmission durations than the basic subframe duration is beneficial for services not requiring very low latency as a way to reduce the overhead in TDD due to switching, RS and control.
The same frame structure can be used for FDD as well as illustrated in Figure 3. However, since a full-duplex FDD UE is capable of simultaneous reception and transmission the full downlink subframe can be exploited for data transmission. This can be handled by using a different timing advance than in the TDD case. 
Finally, the frame structure is applicable also for sidelink transmissions. In that case the “downlink” frame structure is used by the device initiating (scheduling) the transmission and the “uplink” frame structure by the device responding to the transmission.
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[bookmark: _Ref445128291]Figure 1: Uplink and downlink "building blocks"
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[bookmark: _Ref445128368]Figure 2: Example of downlink transmissions spanning one and two subframes in case of TDD.
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[bookmark: _Ref445128953]Figure 3: Example of frame structure for FDD.
Low latency – “on the fly” processing
To obtain a low latency, it is highly beneficial if the receiver can process the signal as it is received instead of buffering a (set of) subframe(s) prior to processing. This requires careful placement of reference signals and control signaling within the subframe. For example, the necessary control signaling and reference signals to be present at the beginning of the subframe, see FIGURE. Without such a structure the decoder and associated circuitry need to be over dimensioned to handle decoding of the subframe (or set of subframes) in a very short period of time.
Proposal: 
· Subframes (or sets of subframes) should be “front loaded” with control signaling and reference signals at the beginning of the (set of) subframe(s)
Conclusion
The following is proposed:
· Define two subframes types
· a downlink subframe with transmissions starting at the beginning of the subframe
· an uplink subframe with transmissions ending at the end of a subframe,
· Transmission of a transport block span one or a a set of subframes 
· Hybrid-ARQ acknowledgements can be transmitted at the end of the (set of) subframe(s)
· Subframes (or sets of subframes) should be “front loaded” with control signaling and reference signals at the beginning of the (set of) subframe(s)
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