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1 Introduction
In RAN1#85, a number of agreements related to frame structure were made. One agreement states that 1 ms alignment is supported for numerology with 15 kHz and larger subcarrier spacing. Another agreement introduces a “time interval X”:
Agreements:
· At least the following should be supported for NR in a frequency portion
· A time interval X which can contain one or more of the following
· DL transmission part
· Guard
· UL transmission part
· FFS which combinations are supported and whether they are indicated dynamically and/or semi-statically
· Furthermore, the following is supported

· The DL transmission part of time interval X to contain downlink control information and/or downlink data transmissions and/or reference signals
· The UL transmission part of time interval X to contain uplink control information and/or uplink data transmissions and/or reference signals
· FFS length(s) of time interval X
· FFS: other characteristics of time interval X
· Note: The usage of DL and UL does not preclude other deployment scenarios e.g., sidelink, backhaul, relay
This contribution addresses the points identified for further study in the above, also considering aspects related to numerology and alignment at 1 ms level.
2 Durations of time interval X 
One key characteristic of the time interval X is that it can contain all the elements required for scheduling a transmission in either downlink or uplink. In particular, it contains downlink control information. Thus it can be said that the duration of time interval X determines a (minimum) scheduling interval.
It should be noted that the scheduling interval suitable for operation for a given UE may depend on several aspects, such as:

· Latency 

· Low latency applications require short scheduling interval

· Coverage

· Short scheduling intervals may restrict coverage due to the need of transmitting DCI/UCI in shorter period of time

· Overhead

· Short scheduling intervals may result in higher overhead from DCI/UCI
Recognizing this, a first proposal is that more than one scheduling interval length can be used in NR:

Proposal 1: NR design supports multiple scheduling interval lengths. 

With respect to the “time interval X”, realization of multiple scheduling interval lengths could be done by using one or both of the following approaches:
· Concatenation of multiple instances of the “time interval X”, where DCI may be present only in the first instance

· Support multiple values of “time interval X”

Considering the need for supporting short scheduling intervals for different sub-carrier spacing values, and the possible support for numerologies belonging to multiple CP families, it seems unlikely that realization of multiple scheduling interval lengths can be achieved solely based on concatenation of a single interval value. Thus we propose:
Proposal 2: NR design supports multiple values of “time interval X”. 

Given that transmissions are scheduled using DCI, to ensure continuous operation the time interval X should correspond to an integer number of symbols in the downlink direction. However, it should be noted that no such requirement needs to exist for the uplink direction. Indeed, due to timing advance and (in TDD) guard interval there is not in general alignment between the uplink and downlink boundaries. There is also no necessity that the number of symbols per unit of time be the same in the downlink and uplink direction. Examples where such configuration could be used include:
· Use of extended CP in downlink and normal CP in uplink (supported in LTE). Such configuration could be used when the delay spread is larger in downlink than in uplink (e.g. in decoupled uplink/downlink operation).
· Use of numerologies of different “CP-families” [2] possibly to configure use of CP-based waveform in downlink with non-CP-based waveform in uplink.
Proposal 3: Scenarios where different numerologies are configured for downlink and uplink should not be precluded for the study.

One consequence of requiring the time interval X to correspond to an integer number of symbols in downlink is that the actual exact value of the interval may depend on the symbol timing within a 1 ms subframe, assuming that the use of LTE-based numerology is supported. This is because the first and eighth symbols have slightly longer CP duration in the normal CP case. In scenarios where short scheduling intervals are required but cannot be realized by scaling up the sub-carrier spacing due to high delay spread, the number of symbols in time interval X needs to be smaller than 7 which results in slight differences in durations depending on the timing within 1 ms.
Proposal 4: A “time interval X” corresponds to the duration of a sequence of symbols in downlink for a given numerology. 
The set of possible combinations for “time interval X” should not be unlimited, but for the purpose of the study there is no reason to prematurely narrow down the set of candidates. A non-exhaustive set of candidates allowing realization of different scheduling intervals is shown in Table 1. As shown, the flexibility for the realization of short scheduling intervals of the order of 140-200 s allows deployment of low-latency applications (such as URLLC, or efficient TCP transfers in eMBB) in a variety of scenarios. It should be noted that larger scheduling intervals can also be realized by concatenation of “time interval X”.
Table 1. Examples of possible values for “time interval X”
	Duration
	Number of symbols @ sub-carrier spacing
	Notes

	
	Normal CP family
	Extended CP family
	Zero CP family
	

	Very short (~31 s)
	14@480 kHz
	12@480 kHz
	15@480 kHz
	For high frequency bands (e.g. > 30 GHz)

	Short (~140-200 s)
	2@15 kHz

4@30 kHz

7@60 kHz
	2@15kHz

3@30 kHz

6@60 kHz
	3@15 kHz

5@30 kHz
10@60 kHz
	

	Medium (1 ms)
	14@15 kHz
	12@15 kHz
	15@15 kHz
	

	Long (4 ms)
	14@3.75kHz
	12@3.75kHz
	15@3.75 kHz
	


3 Supported combinations on time interval X 

An obvious requirement for the combinations of “DL transmission part”, “gap” and “UL transmission part” is that it should be possible to support the cases of a UE receiving data only, transmitting data only or both receiving and transmitting data within an interval for both FDD and TDD. Since traffic activity in either direction is subject to vary in a dynamic manner, at least the presence or absence of the different needed components should be allowed to change every “time interval X”.
Furthermore, there is a benefit in allowing indication of not only the presence but also the duration and (for UL transmission part) start time, from the perspective of interference management and (in TDD) UL/DL load balancing. For example, it may be beneficial for a UE that only needs to transmit UCI in a given “time interval X” that this transmission starts in the later portion of the interval (as opposed to occupying the whole interval) to enable orthogonal multiplexing with other UE’s. Such resource management scheme could be supported by semi-static and/or dynamic signalling. Dynamic signalling would be preferred for maximizing adaptability to traffic, but the number of possibilities could be limited to maintain overhead at a reasonable level. The details can be left for further study.
Proposal 5: Dynamic indication of at least the following components of “time interval X” is supported:
· Duration of downlink transmission part;

· Start time and duration of uplink transmission part.

4 Conclusion

This contribution discussed frame structure aspects related to the duration and configurability of “time interval X” as defined in RAN1#85. The following proposals are made:
Proposal 1: NR design supports multiple scheduling interval lengths. 

Proposal 2: NR design supports multiple values of “time interval X”. 

Proposal 3: Scenarios where different numerologies are configured for downlink and uplink should not be precluded for the study.

Proposal 4: A “time interval X” corresponds to the duration of a sequence of symbols in downlink for a given numerology. 

Proposal 5: Dynamic indication of at least the following components of “time interval X” is supported:

· Duration of downlink transmission part;

· Start time and duration of uplink transmission part.
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