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1 Introduction
A study item is starting in RAN working groups to identify and evaluate solutions for New Radio (NR) access technology [1]. One objective of the study is to target a single technical framework addressing all usage scenarios, requirements and deployments scenarios in a forward compatible manner. The initial work is to allocate high priority on understanding the fundamental physical layer structure for NR.
This contribution discusses the frame structure and numerology aspects of the physical layer structure for NR, considering the requirements in terms of usage scenarios and supported range of frequencies.

2 Numerology
The main requirements driving the frame structure and numerology of NR are related to the set of usage scenarios and the range of frequencies to be supported. More specifically, key parameters of usage scenarios include required user plane latency and coverage. Channel parameters constraining the numerology include the delay spread and Doppler spread (or equivalently the coherence bandwidth and coherence time, respectively) which are highly dependent on the frequency band and other aspects of deployment scenarios.
Transmission time interval

The usage scenarios include enhanced mobile broadband (eMBB), massive machine-type-communications (mMTC) and ultra reliable and low latency communications (URLLC). According to [2], the targeted user plane latency is 0.5 ms for URLLC and 4 ms for eMBB, for UL and DL. The target for coverage, relevant at least for mMTC usage case, is currently proposed to be 164 dB. 
A transmission time interval (TTI) value satisfying a user plane latency requirement of 0.5 ms should of course have a lower duration, possibly down to approximately 0.1 ms. Such value may not be feasible (or optimal) for high coupling loss values as it would likely require very small transport sizes with many repetitions. TTI values suitable for such scenarios may be equal to or larger than 1 ms as currently discussed for NB-IoT. It thus is expected that NR will support a multiplicity of TTI values; from which one is selected as a function of the usage case and coupling loss.
Proposal 1: NR supports multiple TTI duration values
Proposal 2: The smallest supported TTI duration value is of the order of 100 to 150 us
Symbol duration and sub-carrier spacing
The symbol duration is constrained in practice by certain channel characteristics and implementation aspects. On one hand, it generally needs to be significantly larger than the maximum delay spread to avoid excessive inter-symbol interference or (in a multi-carrier system) excessive overhead from cyclic prefix. On the other hand, it needs to be significantly smaller than the coherence time of the channel and variations due to phase noise to prevent amplitude and phase variations within one symbol that would impair performance.
The symbol duration used in LTE is approximately 71 us for normal CP (~5 us). This value can allow for the desired TTI duration of 100 to 150 us by reducing the number of symbols per TTI to 1 or 2, as currently discussed in the latency reduction SI. When considering the wider frequency range to be supported by NR (up to 100 GHz), however, it should be considered that the use of a shorter symbol time becomes desirable as beyond a certain carrier frequency the coherence time and phase noise become limiting. At the same time, the maximum delay spread expected in many deployment scenarios where higher frequencies will be used is significantly lower than the maximum delay spread expected in other scenarios supported by LTE. For example, the maximum value of the RMS delay spread (estimated as the mean RMS delay spread plus twice its standard deviation) in Urban Micro deployment at 2 GHz would be ~1.5 us based on [3], and lower values should be expected for Indoor deployment or deployments at higher frequencies. This means that significantly shorter symbol times between 13 and 18 us are also feasible without excessive overhead from CP.
Another benefit of supporting a shorter symbol duration is that the increased number of symbols per TTI (or per frame) allows for more flexibility in the time and frequency placement of control information and reference signals. For example, it is beneficial from a latency perspective to position control information early in the frame, but this is more difficult if there is only 1 or 2 symbols per TTI.

With shorter symbol times of the order of 15 us, dimensioning the cyclic prefix based on worst-case maximum delay spread of 1.5 us (or more) may be considered wasteful. In many deployments such value would turn out to be too conservative, but the appropriate value for a specific deployment may not necessarily be easy to plan. The introduction of massive MIMO [4] and narrow beams introduces additional variability in the delay spread. For these reasons, advanced waveforms such as ZT DFT-S-OFDM or UW DFT-S-OFDM that do not require a fixed overhead from CP would be attractive [5]. Another possibility would be to support adaptation of this parameter based on measurements at the UE or network side.
Proposal 3: NR supports a numerology for low-latency operation, with the following approximate values:
· Symbol duration (including cyclic prefix) between 13.0 and 18.2 us

· Cyclic prefix duration between 0.5 and 1.5 us
· Sub-carrier spacing between 60 to 80 kHz

The above numerology should be feasible at least for cm-wave frequencies (below ~30 GHz). For higher frequencies, even shorter symbol durations may be required due to increased Doppler and phase noise. The values could be left for further study.
Although the numerology for low-latency operation proposed above should be applicable to a large number of NR deployments, NR is also required to support deployments currently addressed by LTE and for which numerology similar or identical to LTE is required.
Proposal 4: NR also supports a numerology similar or identical to that of LTE, i.e.:

· Symbol duration of ~67 us plus cyclic prefix 

· Cyclic prefix duration of ~5 us or ~16.6 us

· Sub-carrier spacing of 15 kHz

3 Frame structure
The user plane latency is dependent not only on the TTI duration but also on the delay required for attempting to decode a transport block (processing latency) and feeding back the outcome (HARQ-ACK) to the transmitter. The frame structure should thus allow transmission of HARQ-ACK as soon as possible after processing is completed. This means that the frame structure should allow more flexibility, compared to LTE, in the timing relationship between a transmission and its associated feedback and (in case of TDD) in switching between DL and UL transmissions.
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Figure 1. Example of flexible frame structure for TDD.
An example of flexible frame structures for TDD that could achieve this design goal is illustrated in Figure 1. This structure allows transmission of DL data only, UL data only, or both DL and UL within a frame. Transmission of HARQ-ACK can take place within the same frame or in the following frame shortly after complete reception of the data. Some flexibility can be supported in the exact timing of the UL control transmission (e.g. HARQ-ACK) to facilitate multiplexing between users.
Proposal 5: Consider frame structure enabling low latency between transmission of data and transmission of associated HARQ-ACK feedback.

To minimize latency it is also important to minimize the duration of control signaling (e.g. downlink control at the start of a frame) as much as possible. As the TTI (or frame) duration becomes shorter, the benefit of having the capability of modifying all parameters of a transmission for every TTI for a given UE becomes less important. Additionally, the control information overhead becomes prohibitive. Certain parameters, such as the frequency allocation or the modulation and coding scheme, could be reused for multiple TTI’s within a certain period of 1 ms or more. Therefore, an approach where control information is split between per-TTI control information and per-period control information would appear attractive. The per-TTI control information could be multiplexed in the same physical channel as the data, while the per-period control information could be transmitted over a separate physical control channel.
Proposal 6: Consider splitting control information in per-TTI and per-period control information, where per-period control information is provided less frequently.
4 Conclusion

This contribution discussed the frame structure and numerology aspects of the physical layer structure for NR, considering the requirements in terms of usage scenarios and supported range of frequencies. The following proposals are made:

Proposal 1: NR supports multiple TTI duration values
Proposal 2: The smallest supported TTI duration value is of the order of 100 to 150 us
Proposal 3: NR supports a numerology for low-latency operation, with the following approximate values:

· Symbol duration (including cyclic prefix) between 13.0 and 18.2 us

· Cyclic prefix duration between 0.5 and 1.5 us

· Sub-carrier spacing between 60 to 80 kHz

Proposal 4: NR also supports a numerology similar or identical to that of LTE, i.e.:

· Symbol duration of ~67 us plus cyclic prefix 

· Cyclic prefix duration of ~5 us or ~16.6 us

· Sub-carrier spacing of 15 kHz
Proposal 5: Consider frame structure enabling low latency between transmission of data and transmission of associated HARQ-ACK feedback.

Proposal 6: Consider splitting control information in per-TTI and per-period control information, where per-period control information is provided less frequently.
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