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1 Introduction
A study item on New Radio (NR) access technology was approved at RAN#71 [1] and initial discussions took place in RAN1#84bis. One aspect that was discussed at this meeting and during a follow-up email discussion is the definition of a frame structure suitable for NR.

This contribution describes our views on this issue.
2 Frame structure requirements
The definition of a frame structure should be done with the perspective of simplifying specification of NR. For this reason it makes sense to first consider the type of functionality that needs to be supported.
A first observation is that NR will support use cases and deployments with different requirements in terms of the duration of a transmission. More specifically, the following time-related aspects may change according to the use case and deployment:
· The duration of a transmission containing higher-layer data;
· The minimum interval between different scheduling opportunities;
· The symbol duration

A second observation is that NR will support features that target significantly reduced latency compared to LTE. For example:
· Small interval between the reception of data and the transmission of corresponding HARQ-ACK feedback;

· Small interval between the reception of control indicating a grant and the corresponding uplink transmission;

· Possibly, dynamic determination of transmission direction in TDD case;

Observation: the following features of NR are relevant for the definition of an appropriate frame structure:
· Variability of transmission durations;

· Reduced latency.
3 Elements of time structure
In all communication scenarios one can identify at least a subset of the following time periods from the UE perspective:

· (A) The UE receives control information, e.g.

· Downlink assignment or sidelink scheduling assignment;

· Uplink grant or sidelink grant;

· HARQ-ACK feedback for a previous uplink transmission;

· (B) The UE receives data from higher layers (possibly multiplexed with control information)
· (C) A transmission gap (e.g. for TDD)

· (D) The UE transmits control information, e.g.

· HARQ-ACK for a previous downlink transmission or CSI feedback;

· Scheduling request;

· Scheduling assignment;

· (E) The UE transmits higher layer data (possibly multiplexed with control information)

There can be overlap between periods of reception and transmission in the case of FDD. In addition, the relative order of control and data for the UE transmit time periods could be studied further.
It may be useful to label the smallest interval between two repetitions of the above sequence (e.g. between the start of two periods where the UE can receive control information). For example, one can choose to utilize the term “frame”, “subframe” or “scheduling interval” for this purpose. In the following we assume that the term “subframe” would be used.
It may also be considered to categorize a “subframe” into different types according to whether a given period of UE reception or transmission exists (i.e. has non-zero duration) in the subframe, particularly for the TDD case. For example, one could consider categorizing subframes into “downlink”, “uplink”, or “mixed”. On the other hand, as mentioned in the introduction there is a possibility that NR supports “dynamic TDD” or generally speaking a scheme where the timing of each period is determined dynamically from the control information at the beginning of the subframe. If such scheme is supported the usefulness of distinguishing between multiple subframe “types” is reduced.
Proposal 1: The following components of a frame structure are defined:
· Downlink (or UE-receive) control

· Downlink (or UE-receive) data

· Transmission gap

· Uplink (or UE-transmit) control

· Uplink (or UE-transmit) data

Proposal 2: A term is introduced for the (smallest) interval between the start of two successive “downlink control” periods:

· e.g. “Scheduling interval”, “Frame”, “Subframe” or other.
4 Variable transmission duration

As observed earlier, NR is required to support variable transmission durations and the frame structure needs to take this into account. There are actually two ways that the duration of a transmission can be varied, i.e. according to either or both of:
· The number of symbols

· The duration of each symbol, according to numerology
When describing the duration of a transmission in relationship with a “subframe” as defined in the previous section, at least two options can be considered:

· Maintain a fixed number of symbols for a “subframe” (e.g. 7 or 8) or a fixed absolute duration but allow the duration of a transmission to span multiple subframes. All such intervals except the first and the last would have non-zero duration only for the time period corresponding to the transmission (e.g. non-zero duration only for uplink data or only for downlink data).
· Allow the duration of a “subframe” to be variable in the number of symbols such that a transmission never spans across more than one subframe.
In case the first option is adopted, a subframe could either be defined in terms of a number of symbols or in terms of an absolute time duration. In the former case, the duration of a subframe scales with the duration of a symbol according to the numerology. One potential benefit of this approach is that some aspects such as e.g. the mapping of reference signals in the resource grid in a subframe could remain the same across different numerologies and not require separate description. 
In case the second option is adopted, it would still be possible to have such common description across different numerologies by defining another term for a time period of a fixed number of symbols. For instance, one could consider using the term “slot” or “basic time interval” for a sequence of 2 or 4 symbols. In such a case, the duration of a “subframe” could be expressed in terms of a number of such slots or basic time intervals.
In either case, it may still be useful to define slots (or subframes) of different numbers N of symbols to support different use cases. For example, a URLLC transmission may have a duration of only 2 symbols in certain numerologies. For such a case defining a basic time interval or slot of 2 symbols would be appropriate.
Proposal 3: A term is introduced for a sequence of N symbols, e.g. “slot” or “basic time interval” over which signals and channels may be mapped in a certain way 
Proposal 4: Slots (or basic time intervals) may be defined for different numbers N of symbols to support different use cases.
The proposed frame structure is illustrated in the Figure below (shown for TDD):
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5 Conclusion

This contribution discussed issues related to frame structure in NR. The following proposals are made:
Proposal 1: The following components of a frame structure are defined:

· Downlink (or UE-receive) control

· Downlink (or UE-receive) data

· Transmission gap

· Uplink (or UE-transmit) control

· Uplink (or UE-transmit) data

Proposal 2: A term is introduced for the (smallest) interval between the start of two successive “downlink control” periods:

· e.g. “Scheduling interval”, “Frame”, “Subframe” or other.
Proposal 3: A term is introduced for a sequence of N symbols, e.g. “slot” or “basic time interval” over which signals and channels may be mapped in a certain way 
Proposal 4: Slots (or basic time intervals) may be defined for different numbers N of symbols to support different use cases.
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