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Introduction
In RAN#71, the technology study item for 5G new RAT (NR) has been approved [1]. One important aspect for consideration is the frame structure to be introduced, and the ability to forward compatibility was set forth in [2]. The concept of a self-contained subframe was provided in and shown how it may fulfill the goal of forward compatibility in a Phase I design. Moreover, a more detailed set of requirements on the frame structure along this criteria was given in [3], along with a set of requirements on numerology [4] to best address forward compatibility.
This document provides a set of candidate frame structures which can address these requirements which is a revision upon the concepts originally presented in [3].
Transmission building blocks  
The fundamental building blocks for the candidate frame structures are referred to in terms of transmissions during a time interval unit also referred to as a TTI. Note that this term is not to be confused with the traditional notion of TTI [5], and in the future different terminology will be adopted to avoid such confusion. One can think of the TTI here as a physical layer time-domain building block which corresponds to a minimum schedulable unit for a given service and numerology.
Downlink Transmission Types
For a downlink direction, or more generally for cases where the transmitter is the scheduling entity for multiple receivers, the TTI can be composed of two main components, a downlink common burst and downlink regular burst. The term “common” refers to the property that the burst occurs in each of the following TTI types as illustrated below.


[bookmark: _Ref450937439]Figure 1. Example downlink transmission structures

In order to best address forward compatibility of self-contained subframes and scalable numerologies, some properties of these downlink TTI types should be as follows.
Proposal 1: Downlink transmission structures should be defined as follows
· The minimum downlink TTI length should be a multiple of the symbol length and a power of 2. Longer TTI’s could be multiple of the minimum TTI length. This value should be scalable to 1ms through some choice of the power.
· The downlink common burst should be short in duration and contain control information.
· The downlink regular burst may fully occupy the TTI, partially occupy the TTI to allow for device tx/rx switching, or be absent from the TTI.
· The downlink regular burst may contain data, or control for link budget limited transmissions. 
Uplink Transmission Types
For an uplink direction, or more generally for cases where the receiver is the scheduling entity for transmitters, the TTI can be composed of two main components, an uplink common burst and an uplink regular burst.


Figure 2. Uplink transmission structures
The properties of the uplink TTI types are equivalent (in fact, complementary) the downlink TTIs, and again are adopted in order to best address forward compatibility of self-contained subframes and scalable numerologies.

Proposal 2: Uplink transmission structures should be defined as follows.
· The minimum uplink TTI length should be a multiple of the symbol length and a power of 2. Longer TTI’s could be multiple of the minimum TTI length. This value should be complementary to the downlink transmission structures.
· The uplink common burst should be short in duration and contain control information.
· The uplink regular burst may fully occupy the TTI, partially occupy the TTI to allow for device tx/rx switching, or be absent from the TTI.
· The uplink regular burst may contain data, or control for link budget limited transmissions. 

Subframes based on control bursts
Once the notion of TTI types is defined, we can proceed to define subframes.
General subframe definition
A subframe is a combination one more TTIs with at least one downlink common burst and one uplink common burst. 


Figure 3. Subframe examples with single TTI (top) and multiple TTI (bottom)

Different TTI types can be used in combinations in order to address deployment scenarios such as TDD or HD-FDD/FDD, and different traffic orientations such as uplink oriented and downlink oriented. More details are in given in a later sections. Generally, to keep the number of configurations concise, and to take advantage of numerology scaling as described in [4], the length of the subframe should also scale as follows.
Proposal 3: A time interval unit (here referred to as subframe) should be defined as the minimum time interval between a downlink control burst and an uplink control burst.
Several important features of this structure are shown in the following subsections.
Interlacing with periodic control
One benefit of the above subframe definition is the support of interlaced operation. For instance the control burst in each TTI need not necessarily correspond to the data burst in the same TTI. This is particularly important for the responses to grants or acknowledgements of data transmission in TDD as shown in Figure 4.




[bookmark: _Ref450938806]Figure 4. Interlaced operation below subframes

Self-contained subframe
As introduced in [2], the concept of a self-contained subframe can provide for proper forward compatibility. In this case, This structure can be made to produce a self-contained subframe, if the source-to-destination transmission as well as the response to that transmission, going from the destination-to-source, are both contained in the same subframe and complete the transaction. This may apply to both data and mobility transactions. 



                                 
[bookmark: _Ref450937461]Figure 5 Self-contained transactions within a subframe
Proposal 4: Self-contained subframes should be supported, that is subframes in which the source-to-destination transmission as well as the response to that transmission, going from the destination-to-source, are both contained in the same subframe and complete the transaction.
Single interlace support
One obvious benefit from Figure 4 is the support of single interlace and very low latency support. Back-to-back transmissions might be afforded through with enhanced processing or sufficient guard time at the scheduler.
Proposal 5: NR should support modes in which the response to an uplink common burst can be followed immediately in the next downlink common burst. 
Self-contained intervals
The notion of self-contained intervals can also be constructed based on the mixture of interlacing and self-contained subframes, through the re-use of the same underlying definition for subframe. This is illustrated in Figure 6.

Figure 6. Terminated interlacing for self-contained transmission. 

Frame structures for TDD 
Further discussion on the benefits of this candidate subframe for TDD are given in this section.
Dynamic TDD with interference management
For a single TTI subframe, Type 0 (control only) and Type 1 (partial) TTIs can be combined to support TDD spectrum. In particular, two types of subframes can be defined as follows.
Proposal 6: For TDD, the following subframe types should be supported.
· A downlink-centric subframe is a subframe in which there are downlink common and regular bursts, but only common uplink bursts. 
· An uplink-centric subframe is a subframe in which there are uplink regular and common bursts, but there are only downlink common bursts.



Figure 7. Illustration of TDD subframes with protected control bursts
The most important aspect of this structure is that if dynamic TDD is enabled through scheduling based on traffic activity, the control packets in the common bursts are not subject to mixed uplink-downlink interference. Thus in a sense the control channel can be made to be very reliable compared to the regular bursts, which may be less reliable due to inaccuracies from schedulers predicting regular burst interference and mixed interference impact.
TDD support for reciprocity and low latency
The length of the subframe can be adjusted depending on the requirements of the network, and in some cases a shorter subframe with slightly larger overhead might be more advantageous for low latency as well as efficient support of TDD reciprocity. Having a more frequent opportunity for a common uplink burst allows the network to more quickly obtain service requests for data transactions, or hear sounding signals for reciprocal beam tracking as discussed in [6]. 
The length of the subframe can be reduced to allow for low latency services or better support of channel reciprocity under high Doppler.
Multi-TTI subframes
For networks where the basestation has limited FDM capabilities when serving users, it can be advantageous to introduce multiple TTI subframes which are still largely unidirectional i.e., that still satisfy the definition of downlink-centric and uplink centric. 
Proposal 7: The following subframe structures with multiple TTIs should be supported.
· A Multiple TTI downlink-centric subframe is a subframe with multiple TTIs, in which there are both downlink common and regular bursts, but only common uplink bursts. 
· A multiple TTI uplink-centric subframe is a subframe with multiple TTIs, in which there are both uplink regular and common bursts, but there are only downlink common bursts.

In many cases it is possible that many of the TTIs may be of Type 2 (fully occupancy of the data burst), while one partial data burst would be needed to allow for switching gap. Such constructions can be particularly beneficial for mmW frequencies, and still can enable both self-contained subframes as well as single interlace frame structures.


Figure 8. Example of a multi-TTI downlink centric subframe.

Enhanced subframes for distributed scheduling
Additional TTIs which provide some round of scheduling request and scheduling response may be defined to enable distributed scheduling in more dynamic networks, such as those on unlicensed spectrum or managed mesh with sidelink channels [7].
Proposal 8: Enhanced subframes may be defined with special TTIs which allow for scheduling request and response between the source and destination.

Subframe definitions for FDD 
The TTI definitions from the previous section can also be used to construct FDD subframes. In this case, the uplink and downlink regular bursts may or may not overlap, depending on the requirements of the device. For instance, if the FDD device has a duplexer then the regular bursts can overlap, but if the FDD device has a tx/rx switch than the subframe definition may resemble more like TDD.
Proposal 9: Subframes for FDD with devices which have a duplexer may contain TTIs which have overlapping uplink and downlink regular bursts. Subframes for FDD with devices which do not have a duplexer may contain TTI combinations similar to TDD subframes.
The same may also apply to TDD subframes in which a device is able to cancel its own transmitter interference to its receiver.
[bookmark: _Ref378529477]Conclusions
The following proposals related to candidate frame structures for NR were discussed in this contribution.
Proposal 1: Downlink transmission structures should be defined as follows
· The minimum downlink TTI length should be a multiple of the symbol length and a power of 2. Longer TTI’s could be multiple of the minimum TTI length. This value should be scalable to 1ms through some choice of the power.
· The downlink common burst should be short in duration and contain control information.
· The downlink regular burst may fully occupy the TTI, partially occupy the TTI to allow for device tx/rx switching, or be absent from the TTI.
· The downlink regular burst may contain data, or control for link budget limited transmissions. 

Proposal 2: Uplink transmission structures should be defined as follows.
· The minimum uplink TTI length should be a multiple of the symbol length and a power of 2. Longer TTI’s could be multiple of the minimum TTI length. This value should be complementary to the downlink transmission structures.
· The uplink common burst should be short in duration and contain control information.
· The uplink regular burst may fully occupy the TTI, partially occupy the TTI to allow for device tx/rx switching, or be absent from the TTI.
· The uplink regular burst may contain data, or control for link budget limited transmissions. 

Proposal 3: A time interval unit (here referred to as subframe) should be defined as the minimum time interval between a downlink control burst and an uplink control burst.
Proposal 4: Self-contained subframes should be supported, that is subframes in which the source-to-destination transmission as well as the response to that transmission, going from the destination-to-source, are both contained in the same subframe and complete the transaction.
Proposal 5: NR should support modes in which the response to an uplink common burst can be followed immediately in the next downlink common burst. 
Proposal 6: For TDD, the following subframe types should be supported.
· A downlink-centric subframe is a subframe in which there are downlink common and regular bursts, but only common uplink bursts. 
· An uplink-centric subframe is a subframe in which there are uplink regular and common bursts, but there are only downlink common bursts.

Proposal 7: The following subframe structures with multiple TTIs should be supported.
· A Multiple TTI downlink-centric subframe is a subframe with multiple TTIs, in which there are both downlink common and regular bursts, but only common uplink bursts. 
· A multiple TTI uplink-centric subframe is a subframe with multiple TTIs, in which there are both uplink regular and common bursts, but there are only downlink common bursts.

Proposal 8: Enhanced subframes may be defined with special TTIs which allow for scheduling request and response between the source and destination.
Proposal 9: Subframes for FDD with devices which have a duplexer may contain TTIs which have overlapping uplink and downlink regular bursts. Subframes for FDD with devices which do not have a duplexer may contain TTI combinations similar to TDD subframes.
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