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1 Introduction

At the last RAN1 #84bis meeting in Busan, Korea, frame structure design for NR was briefly discussed. Following the meeting, RAN1 conducted an email discussion [1] to further align companies’ understanding of the definition of subframes for the new radio access technology. In this contribution, we present our views in more detail to further advance the frame structure design at RAN1 #85. 
2 Low Latency Frame Structure Design for NR
In LTE, a subframe is defined as a sub-partition of a radio frame. The length in time of a subframe is given by Tsubframe = 30720 Ts = 1 ms and it is independent of the numerology of the underlying waveform that is transmitted in the subframe. A subframe can have 6, 12, or 14 symbols for 7.5 kHz and 15 kHz subcarrier bandwidth with normal and extended CP, respectively. For the NB-IoT UL, which furthermore specifies a subcarrier bandwidth of 3.75 kHz, the RAN1 specifications do not seem to rely on subframes at all. That is because due to the extremely reduced subcarrier bandwidth, the duration of SC-FDMA symbols increases correspondingly. 
In addition to subframes, LTE defines slots and radio frames. These are mainly used as a counting and timing reference, e.g., to initialize scrambling sequences, reference signals, or to determine the timing of unscheduled transmissions such as the PBCH. 

In recent LTE releases, yet another time partition has been introduced that relates to how data that arrives in the PHY on a transport channel in form of a transport block is mapped to physical resources in the time/frequency resource grid for transmission on a physical channel. For example, in NB-IoT, a codeword can be mapped to more than one subframe whereas in the latency reduction studies, codewords can be mapped to time/frequency resources than span less than one subframe. 

For similar reasons, it is envisioned that the NR will also require three fundamental time intervals, namely, a counting reference to gain common understanding at the transmitter and receiver regarding where certain physical channels and signals are to be the transmitted, a minimum scheduling granularity, and a transmission time interval (TTI) that defines when data arrives on a transport channel for transmission on a physical channel.
Proposal 1: Three fundamental time intervals, namely, a counting reference, a minimum scheduling granularity, and a transmission time interval (TTI) are defined for NR
For the DL-SCH and UL-SCH, at least in Rel. 8, the aforementioned three time intervals are all of length 1 ms. Data arrives at the coding unit in the form of a transport block once every TTI. After CRC attachment, channel coding, rate matching and physical channel processing, the transport block is transmitted on the physical channel in the form of a codeword. The scheduling granularity in time for the PDSCH and PUSCH is 1 ms. 

Note, however, that even in LTE, these three entities are separately defined, even though for the DL-SCH/PDSCH and UL-SCH/PUSCH they can be used interchangeably. For example, in case of the BCH which is transmitted on the PBCH, the TTI is of length 40 ms, the scheduling granularity is 4 OFDM symbols, and the counting reference is one subframe (the PBCH is transmitted on subframe #0 of each radio frame).
Proposal 2: The three fundamental time intervals (counting reference, minimum scheduling granularity, transmission time interval) can have different durations even for the same numerology
As can be seen from the above, while LTE defines several numerologies, the definition of a subframe is fixed and a subframe is Tsubframe = 30720 Ts = 1 ms long regardless of the OFDM numerology. As a consequence, the number of OFDM symbols per subframe interval is not constant. For example, in LTE a subframe may have 6, 12 or 14 symbols depending on the numerology and for 3.75 kHz the subframe definition is not clear. Alternatively, a subframe could be defined as a fixed number of OFDM symbols such that when the numerology changes, the subframe duration changes. Scalable numerologies are currently being discussed in RAN1 where, for instance, the subcarrier bandwidth fsc can be an integer multiple M of some base subcarrier bandwidth fo and M may further be restricted to M=2m. Hence, it may be desirable to switch the LTE classification (fixed subframe duration with variable number of OFDM symbols per subframe) and to have a variable subframe duration with a fixed number of OFDM symbols per subframe. 
Proposal 3: A subframe is of fixed length and an integer multiple of a basic time unit Ts at least for a given numerology. FFS whether the subframe length depends on the numerology
It has been proposed to define subframes by the signals and channels that are transmitted within the duration of the subframe. For example, a subframe could be defined to contain assignment, transaction, and acknowledgment of data transmissions including the associated reference signals for demodulation. In particular, a subframe may be further partitioned into a downlink control region, a data region, and an uplink control region where the roles of uplink and downlink can be understood in a general sense from the perspective of a transmitter and receiver such that more general deployment scenarios (sidelink, backhaul, relay …) are also applicable. One such example is depicted in Figure 1.
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Figure 1: Example subframe containing assignment, transaction, and acknowledgment of data transmissions

In our view, such a definition of a subframe is not desirable at least not at this stage of the discussions. For example, a design of the NR can be perceived where UCI transmissions are scheduled by the eNB. In other words, the subframe duration would depend on the DCI scheduling the UCI. A different design may have UCI transmissions in regular time intervals but these are not associated with the latest DCI transmission to allow increased processing times at the UE. As can be seen from the hypothetical examples in Figure 2 without a clear understanding of the DCI and HARQ ACK/NACK design, introducing a definition that relies on where assignment, data, and acknowledgement are transmitted is highly problematic. 
Observation 1: Without a clear understanding of the DCI and HARQ ACK/NACK design, introducing a subframe definition that relies on where assignment, data, and acknowledgement are transmitted is highly problematic
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Figure 2: Hypothetical design examples for how subframes are partitioned into control and data regins

To elaborate further, LTE defines a special subframe comprising three fields: DwPTS, GP, UpPTS. In our view, NR can follow the same principle except instead of DwPTS, GP, and UpPTS, a subframe has a Tx part, a Rx part, and a guard period to cover more broad scenarios as, e.g., in sidelink, DL and UL may be ill-defined. Tx part, Rx part, and guard period can be of zero-length to obtain a unified design in paired or unlicensed spectrum. Generally, a unified frame structure design is desirable for all NR objectives (low band, high band, relay, backhaul, fronthaul, pair, unpaired and unlicensed spectrum, and so forth). As evident in Figure 2, the proposed frame structure design does not necessarily lead to identical subframes and does not necessarily require TDM of data and control. In case of eICIC or large UCI payloads, FDM of control may be beneficial even for NR. Also evident in Figure 2 is that different compositions of the subframe can dynamically and/or semi-statically be created by atomic building blocks. These atomic building blocks are the physical channels and signals in NR (DL ctrl., UL ctrl., data, RS, ….) including guards and blank resources where Tx part, Rx part, and guard period all have zero-length. As such, the proposed frame structure design is very similar to LTE with special subframes, PDCCH, PDSCH, PUSCH, PUCCH, SRS, CSI-RS, to name a few. The subframe in Figure 1 is simply one example of a much more powerful and flexible frame structure design that allows fast, flexible, and simple HARQ ACK/NACK feedback and having DL/UL control in every subframe is just one possible configuration. Hence, in line with Observation 1, it is not desirable to tie the subframe definition (“NR.211” concept) with the UE behavior (“NR.213” concept). 

Observation 2: A unified frame structure design is desirable for all NR objectives (low band, high band, relay, backhaul, fronthaul, pair, unpaired and unlicensed spectrum …)
Observation 3: The proposed frame structure design does not necessarily lead to identical subframes and does not necessarily require TDM of data and control
Proposal 4: A subframe has a Tx part, a Rx part, and a guard period. Tx part, Rx part, and guard period can be of zero-length. 

Proposal 5: Different compositions of the subframe can dynamically and/or semi-statically be created by atomic building blocks. These atomic building blocks are the physical channels and signals in NR (DL ctrl., UL ctrl., data, RS, ….) 
The detailed HARQ design in our view should not be discussed in the frame structure design. A HARQ ACK/NACK timeline as illustrated in Figure 1 requires careful design of the demodulation reference signal in NR and depends on the channel coding design and codeblock segmentation in NR. The NR frame structure can be designed to support deployments such as in Figure 1, however, HARQ options are outside the scope of the current frame structure discussions.
Proposal 6: HARQ options and timelines can be considered in the frame structure design but due to the dependence with demodulation reference signal, channel coding, codeblock segmentation …. they are outside the scope of the frame structure design at this stage of the discussion
In particular, fast HARQ ACK/NACK feedback is just one KPI in NR and tailoring the HARQ ACK/NACK timeline to a UE’s processing capability or service needs to also be considered. For example, while UL and DL control in every subframe gives maximum flexibility, it also introduces significant overhead. Similarly, DL control in every subframe makes 
power efficiency challenging. And as shown in Figure 2 whether the presence of DL and/or UL control can 
be fully dynamic, semi-static, or a combination thereof is not clear at this point. 
Observation 4: Fast HARQ ACK/NACK feedback is just one KPI in NR and tailoring the HARQ ACK/NACK timeline to a UE’s processing capability or service needs to also be considered
Coexistence with other services, applications, numerologies, waveforms, multiple access mechanisms should also be considered in the NR frame structure design for forward compatibility and diverse UE capabilities and NR verticals. Forward compatibility is treated in our companion contribution in [2]. In regard to backward compatibility with LTE, it would be desirable if integer multiples of all subframe durations regardless of the numerology can fit into 1 ms for tight interworking with LTE. We note, however, that for very small subcarrier bandwidths this may not be achievable, see, e.g., NB-IoT UL.
Observation 5: It is desirable if integer multiples of all subframe durations regardless of the numerology can fit into 1 ms for tight interworking with LTE
3 Conclusion

In this contribution, the frame structure design for NR is addressed. The following observations should guide the design in our view and we make the following proposals to advance the discussions during RAN1 #85. 
Observation 1: Without a clear understanding of the DCI and HARQ ACK/NACK design, introducing a subframe definition that relies on where assignment, data, and acknowledgement are transmitted is highly problematic
Observation 2: A unified frame structure design is desirable for all NR objectives (low band, high band, relay, backhaul, fronthaul, pair, unpaired and unlicensed spectrum …)

Observation 3: The proposed frame structure design does not necessarily lead to identical subframes and does not require necessarily require TDM of data and control
Observation 4: Fast HARQ ACK/NACK feedback is just one KPI in NR and tailoring the HARQ ACK/NACK timeline to a UE’s processing capability or service needs to also be considered
Observation 5: It is desirable if integer multiples of all subframe durations regardless of the numerology can fit into 1 ms for tight interworking with LTE
Proposal 1: Three fundamental time intervals, namely, a counting reference, a minimum scheduling granularity, and a transmission time interval (TTI) are defined for NR
Proposal 2: The three fundamental time intervals (counting reference, minimum scheduling granularity, transmission time interval) can have different durations even for the same numerology
Proposal 3: A subframe is of fixed length and an integer multiple of a basic time unit Ts at least for a given numerology. FFS whether the subframe length depends on the numerology

Proposal 4: A subframe has a Tx part, a Rx part, and a guard period. Tx part, Rx part, and guard period can be of zero-length. 

Proposal 5: Different compositions of the subframe can dynamically and/or semi-statically be created by atomic building blocks. These atomic building blocks are the physical channels and signals in NR (DL ctrl., UL ctrl., data, RS, ….) 
Proposal 6: HARQ options and timelines can be considered in the frame structure design but due to the dependence with demodulation reference signal, channel coding, codeblock segmentation …. they are outside the scope of the frame structure design at this stage of the discussion
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