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Introduction
One of the targets for NR design is to allow for a very low latency. Not all services supported by NR may need a very low latency, but to enable those that do require low latency, the frame structure must be designed with this requirement in mind while at the same time the resulting frame structure should efficiently support also services with modest latency requirements.
Discussion
To support a very low latency, extensive use of pipelining in the receiver is necessary. This implies that the frame structure should enable
· the possibility for very short transmission intervals, in the order of 100 – 200 µs,
· the possibility for very fast hybrid-ARQ acknowledgements, 
· the possibility for very fast uplink scheduling grants, 
· the possibility for “front-loaded” demodulation reference signals and control signaling, and
· the possibility for “on-the-fly” processing, e.g. avoiding time-domain interleaving.
Short transmission intervals
The frame design should allow for short transmission intervals, in the order of 100 – 200 µs or even shorter [1]. As an example, for 15 kHz subcarrier spacing, this corresponds to around two OFDM symbols. At larger subcarrier spacings, a larger number of OFDM symbols could be fitted into the time interval, alternatively an even shorter interval can be supported.
Fast hybrid-ARQ acknowledgements
With a proper design, it is possible to transmit the hybrid-ARQ acknowledgement quickly after receiving the downlink data transmission,  ~1 OFDM symbol after the end of data (for very high subcarrier spacings with a correspondingly short OFDM symbol duration, the number may be somewhat larger than 1 OFDM symbol).. This is highly beneficial for several reasons including:
· Low overall latency
· Operation in unlicensed spectrum; if the acknowledgement is transmitted at most 16 µs after the end of the downlink data transmission there is no need for a complete listen-before-talk procedure for the transmission of the uplink acknowledgement. This is very beneficial from an overall efficiency perspective and is also the approach taken in Wi-Fi.
· Forward compatibility as it is in line with the principle of “avoid fixed timing relations across subframe borders” [2]

In essence, the possibility for a fast hybrid-ARQ acknowledgement allows for the UE to finish decoding of downlink data and prepare the transmission of the hybrid-ARQ acknowledgement during the guard period when switching from downlink reception to uplink transmission in a TDD system (at least for modest cell sizes), see Figure 1.

Note that there are situations when it is beneficial to transmit the hybrid-ARQ acknowledgement at a later time as discussed in [1]. If necessary, one could envision low-end UE categories not being capable of very fast hybrid-ARQ acknowledgements. Nevertheless, the basic frame design should take the possibility of very fast acknowledgements into account.
Scheduling assignments and scheduling grants
For similar reasons discussed in the previous section the timing of scheduling assignments and grants should follow the same principle:
· Downlink scheduling assignments are transmitted in the same time interval as the downlink data (similar to LTE)
· Uplink scheduling grants are valid for the uplink transmission immediately following the TDD guard period
This is illustrated in Figure 1.
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[bookmark: _Ref450657799]Figure 1: Example of timing.
Front-loaded DM-RS and control signaling
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 OFDM symbols prior to processing. This requires careful placement of reference signals and control signaling within the transmission interval. For example, the necessary control signaling and reference signals should be present at the beginning of the time interval, see Figure 2. 
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[bookmark: _Ref450658222]Figure 2: Front-loaded structure.
“On the fly” processing
Mapping of the data transmission should be done in a pipelining-friendly manner, e.g. without excessive use of time-domain interleaving. Without such a structure the decoder and associated circuitry need to be over dimensioned to handle decoding of a complete subframe in a very short period of time.
Conclusion
Proposal:
· Very short transmission intervals, at most 100 – 200 µs, should be supported.
· Very fast hybrid-ARQ acknowledgements should be possible, ~1 OFDM symbol after the end of data reception.
· Very fast uplink scheduling grants should be possible with uplink data transmission starting  ~1 OFDM symbol after reception of the scheduling grant..
· “Front-loaded” demodulation reference signals and control signaling, i.e. DM-RS and control signaling should be located at the beginning of the transmission interval.
· “On-the-fly” processing, e.g. time-domain interleaving should be avoided
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