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Introduction
In the last RAN1 #85 meeting the following agreement regarding frame structure was made [1]
· At least the following time domain structures should be studied/evaluated for NR
· DL transmission region (containing data assignments and data), guard region, UL transmission region (containing UCI)
· DL transmission region (containing data assignments), guard region, UL transmission region (containing data, UCI)
· Other structures not precluded
· Note: there is no assumption between the relationship of assignments and data in the above
· FFS: there can be guard region after the uplink transmission region.
· FFS: Study candidate solutions where 1 structure spans at most a time interval of 1 ms
· FFS: Metrics for study/evaluation
· Note: This does not preclude the same structure could span multiple 1 msecs

This contribution studies this in terms of a two fundamental intervals. The first is the control interval, which is relevant in defining the lower limit on latency within the frame structure. The second is the scheduling interval, which addresses the granularity of scheduling decisions which can be made within the frame structure. 
The relationship to several companion contributions is also given. That is, we discuss how the concepts of control and scheduling intervals here can serve as a building block for basic frame structure, and more advanced concepts such as self-contained subframe operation, single interlace support, sidelink and dynamic TDD operation, all of which are treated in more detail separately [2][3][5][7].
[bookmark: _Ref458448406]Control and Scheduling Intervals
Control Interval
Proposal 1. The frame structure can be defined in terms of control intervals, where each control interval follows:
· In the beginning of each interval there is opportunity for the UE to receive control
· In-between there is the opportunity for the UE to receive or transmit data
· In the end of each interval there is opportunity for the UE to transmit control

This control interval would be specified for some unit of time corresponding to a number of OFDM symbols for a given numerology. The symbols may or may not be equally sized.
Scheduling Interval
Proposal 2. Each control interval can be composed of one or more scheduling intervals, each of which is defined as:
· Smallest time interval that can be allocated for data transmissions
· Interval may contain data and/or control transmissions

The concepts of control interval and scheduling interval are illustrated in Figure 1. One important reason for defining the scheduling interval separately from the control interval is to allow round-trip latency to be de-coupled from the scheduling granularity.


[bookmark: _Ref458725212]Figure 1. Control interval (a) with one scheduling interval and (b) with four scheduling intervals

Note that an integer number of scheduling intervals are contained within the control interval. Scheduling intervals at the beginning of the control interval may contain the DCI pertaining to the control interval, while scheduling intervals at the end of the control intervals may allow for UCI which marks the end of the control interval. 
The specific transmissions types which can be allowed within each scheduling interval are given in the next subsections. Each scheduling interval nominally includes downlink transmissions and uplink transmissions.
DL Transmissions w/in Scheduling Interval
For each scheduling interval, transmissions in the downlink fill from beginning to the end. The interval starts with a control region followed by a data region.


[bookmark: _Ref450937439]Figure 2. Example of downlink transmissions within a scheduling interval

The control region may consist of 1 or 2 symbols, while the data may span up to the remaining number of symbols in the interval. The gap is whatever portion remains after specification of these downlink control and data regions.
UL Transmissions w/in Scheduling Interval
For each scheduling interval, transmissions in the uplink fill backward from the end to the beginning.


Figure 3. Example of uplink transmissions within a scheduling interval

In this case, the control region which defines the control interval may consist of 0 to 2 symbols, while the data may span up to the remaining number of symbols in the interval. As before, the gap is whatever portion remains after specification of these downlink control and data regions.
Note that control information may additional be sent in the data region of these bursts for link budget reasons. However, such control information locations to not mark the edges of the control interval as defined in Section 2.
Basic Frame Structures
The above definitions can then be used to build several important frame structures.
Control interval with one scheduling interval
For the case of one scheduling interval in a control interval, two types can be constructed based on whether data is oriented in the downlink or uplink directions respectively. Fully overlapping transmissions within each interval can also be constructed to address FDD. These are illustrated below in Figure 4.


[bookmark: _Ref458727805]Figure 4. Control intervals with one scheduling interval
As an example with specific numerology, for an uMa deployment at 4GHz one may consider a 500us control interval containing 14 symbols each with 30kHz SCS. This could include one symbol gap, 1 or 2 symbols of downlink control, and 1 symbol of uplink control.
Control interval with multiple scheduling intervals
For the case with multiple scheduling intervals in a control interval, frame structures can be constructed as follows. Note in these cases some scheduling intervals do not have both uplink and downlink control bursts. Additionally, the control intervals are generally oriented such that all scheduling intervals are in either the downlink direction or uplink direction, and control bursts are aligned between both instances to allow for mixed interference on data region but protected control region. Figure 5 provides some examples, but for more detailed treatment including discussion of some motivating use cases see [3]. 


[bookmark: _Ref458729818]Figure 5. Control intervals with multiple scheduling intervals

Timing advance considerations
Transmissions with each scheduling interval are defined nominally along the scheduling interval, but the timing of the uplink transmissions relative to the downlink transmissions may be advanced. This can be done for instance to introduce switching guard times between both the uplink to downlink and downlink to uplink switches, or to correct for different RTTs among users so that they are all received aligned at the basestation. 


Figure 6. Timing advance example (for guard time in TDD)
Control channel protection
An important property of the control interval structure is that it provides a modular framework. Moreover, for TDD this modular framework preserves control channel transmissions, in the sense that they are not subject to mixed interference. Downlink control bursts only see interference from other downlink control bursts, and the network can be planned and coordinated appropriately to ensure this is robust and reliable. Similarly, uplink bursts only see interference from other uplink control bursts.
Overall, this can allow for more efficient and robust introduction of dynamic TDD with uplink and downlink transmissions in the same subframe interval, which was an aspect that was agreed to be supported in NR [4].


Figure 7. Control intervals with mixed interference on data bursts (timing advance shown)


Further Discussion
Now that these concepts have been used to define a basic frame structure, they can further serve to describe more advanced concepts such as self-contained subframe operation, single interlace support, and more advanced frame structures for sidelink and alternative dynamic TDD operation. Brief descriptions are provided below but more details will be found in companion contributions.
Timing relationships
In RAN1 #85 is was agreed to study the feasibility of whether very short responses to ACK and grant could be supported to enable so-called “self-contained” operation. This would put burden on UE to very quickly decode and prepare transmission for response. Additionally, it was agreed to study the feasibility of very short scheduling response upon receiving ACK, which would enable “single interlace” operation. This would put burden on the basestation and network to very quickly decode and prepare/schedule next set of transmissions. This is depicted in the figure below and is the subject of [5].


Figure 8. Control intervals with mixed interference on data bursts (timing advance shown)

Advanced frame structures 
Although many different DL and UL transmission types within scheduling interval were illustrated in previous section, these still represented a basic structure which included up to only one gap in the interval. For more complicated over-the-air procedures which may require fast sensing and arbitration of links before transmission, additional frame structure enhancements can be introduced. These can facilitate more dynamic operation in licensed and unlicensed spectrum. Moreover, such allows for frame structure definitions for sidelinks, and in particular ones which enable unicast transmission between UEs. This is the subject of [2].


Figure 9. Control intervals with enhancements for more dynamic operation

Scalable numerology
The frame structure discussions have been largely numerology agnostic. Since the working assumptions from RAN1 #85 [1] have been to assume 15kHz as a baseline for scaling the numerology, e.g., according to a factor 2^N, this means that the control and scheduling interval concepts here may have different time and alignment alternatives. It is natural then to consider different aspects for numerology scaling which is the subject of [7].
Under the working assumption of 15kHz subcarrier spacing, it is natural to use 1ms control intervals with 14 symbols as design. For further support of wider band urban macro deployments, higher subcarrier spacing is also advantageous in order to reduce latency and switching overhead while scaling to larger bandwidths. From studies in [7], it seems also that 30kHz subcarrier spacing with 500us control intervals could have good potential in NR such as urban macro deployments. This leads us to the following proposal.
Proposal 3. Under the working assumption of 15kHz subcarrier spacing, the following control intervals should be considered in NR within a 2^N scalable numerology:
· 1ms control interval for 7.5kHz subcarrier spacing or greater
· 500us control interval for 15kHz subcarrier spacing or greater
· 250us control interval for 7.5kHz subcarrier spacing or greater
Forward compatibility
It should be mentioned that the modular fashion of the control interval and scheduling interval, in addition to the aspects for advanced frame structures, naturally lend themselves to more general notions of forward compatibility. Resources could be blanked out completely and arbitrarily to support future unspecified services. Details of this are treated more comprehensively in [8].
Conclusions
Proposal 1. The frame structure can be defined in terms of control intervals, where each control interval follows:
· In the beginning of each interval there is opportunity for the UE to receive control
· In-between there is the opportunity for the UE to receive or transmit data
· In the end of each interval there is opportunity for the UE to transmit control

Proposal 2. Each control interval can be composed of one or more scheduling intervals, each of which is defined as:
· Smallest time interval that can be allocated for data transmissions
· Interval may contain data and/or control transmissions

Proposal 3. Under the working assumption of 15kHz subcarrier spacing, the following control intervals should be considered in NR within a 2^N scalable numerology
· 1ms control interval for 7.5kHz subcarrier spacing or greater
· 500us control interval for 15kHz subcarrier spacing or greater
· 250us control interval for 7.5kHz subcarrier spacing or greater
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