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1. Introduction
At the RAN1#86 meeting, following agreements and working assumption were achieved [1]:
	Agreements:
· A subframe duration is defined by the duration of x OFDM symbols given a reference numerology 
· With the same CP overhead, a single value of x is specified irrespective of the subcarrier spacing value chosen for the reference numerology
· This does not preclude multiple data transmission opportunities in time within a subframe duration
· This does not preclude multiple control transmission opportunities in time for both DL and UL within the subframe duration
· This does not preclude one data transmission to span over multiple subframe durations
· A UE has one reference numerology in a given NR carrier which defines subframe duration for the given NR carrier
· FFS: In a given NR carrier, whether different UEs may have different reference numerologies or may not
· Specification supports multiplexing numerologies in TDM and/or FDM within/across (a) subframe duration(s) from a UE perspective

Agreements:
· Subframe duration in ms for a reference numerology with subcarrier spacing (2m*15)kHz is exactly 1/2m ms

Working assumption:
· Alignment within a subframe
· Symbol level alignment across different subcarrier spacings with the same CP overhead is assumed within a subframe duration in a NR carrier
· FFS: Unlicensed spectrum case

Agreements:
· Followings are considered as starting points of NR frame structure at least within the CP overhead 
· Subframe
· Already agreed upon
· Assume x=14 in the reference numerology for subframe definition (for normal CP)
· FFS: y=x and/or y=x/2 and/or y is signalled
· Slot
· Slot of duration y OFDM symbols in the numerology used for transmission
· An integer number of slots fit within one subframe duration (at least for subcarrier spacing is larger than or equal the reference numerology)
· The structure allows for ctrl at the beginning only
· The structure allows for ctrl at the end only
· The structure allows for ctrl at the end and at the beginning
· Other structure is not precluded
· One possible scheduling unit
· Mini-slot
· Should at least support transmission shorter than y OFDM symbols in the numerology used for transmission
· May contain ctrl at the beginning and/or ctrl at the end
· The smallest mini-slot is the smallest possible scheduling unit (FFS: smallest number of symbols)
· Note: the names are for the purpose of discussion. Whether some terms can be merged or not is FFS
· FFS whether NR frame structure needs to support both slot and mini-slot or these can be merged



In this contribution, we discuss time-domain aspects of NR frame structure. Frequency-domain aspects are discussed in our companion paper [2].

2. Scheduling unit for eMBB and URLLC
Slot and mini-slot will be defined to handle scheduling unit for each use-case appropriately. Therefore, in this section we discuss potential sizes of scheduling units for eMBB and URLLC.
2.1. Scheduling unit for eMBB of normal TTI length(s) with scaled numerologies
For eMBB, scheduling unit having 7 symbols and 14 symbols should be possible for SCS narrower than a certain value (e.g., 120kHz). Both transmission durations have different merits (latency reduction vs overhead reduction). For SCS wider than the value, multiple of 7/14 symbols for one scheduling unit is more feasible since the absolute time duration in milliseconds is already short enough. Table 1 is a potential set of scheduling units for typical eMBB scheduling unit with scalable numerologies. In this example set, scheduling unit duration is assumed to be not shorter than roughly 0.125ms. Note that the absolute time duration of a scheduling unit is affected by the reference numerology, which defines subframe duration, where our preference on subframe duration is explained in Section 3.1.

Table 1.	Number of symbols per scheduling units with various SCS for eMBB.
	SCS
	15kHz
	30kHz
	60kHz
	120kHz
	240kHz
	480kHz

	No. of symbols per scheduling unit
(lower overhead)
	14
	14
	14
	28
	56
	112

	No. of symbols per scheduling unit
(shorter latency)
	7
	7
	7
	14
	28
	56



Proposal 1:
· Scheduling unit for eMBB of normal TTI may have 7-symbols and 14-symbols for up to a certain SCS.
· FFS: the certain SCS with 60kHz being the baseline.
· For SCS wider than the certain value, one scheduling unit has a length of multiple of 7-symbols or 14-symbols.

2.2. Scheduling unit for eMBB of short TTI length(s) with scaled numerologies
For eMBB, in addition to the above, transmission durations for latency reduction should also be supported. In LTE, 2-symbol (and 7-symbol) transmission duration for one scheduled DL/UL data (a.k.a short-TTI) will be introduced in Rel. 15 (or Rel. 14) under the WI of “shortened TTI and processing time for LTE”. If NR does not support such short-TTI mechanisms, NR cannot be comparable with LTE in terms of latency, unless wider SCS is used. Wider SCS is useful to realize shorter latency since symbol duration is downscaled by wider SCS. However, it has some limitations on applicable deployment scenarios. For example, normal CP overhead with wider SCS may not be sufficient for wider coverage. Wider SCS is not friendly to narrow carrier bandwidth (e.g., in case of 5MHz or narrower) which is not rare at lower carrier frequency bands. Link-budget is also a concern for wider SCS. In addition, it requires SCS change in time- and/or frequency-domain at UE side, and TDM/FDM of multiple SCS values at BS side. As such, shorter scheduling unit having smaller number of symbols like short-TTI for LTE should be enabled.
Assuming SCS = 15kHz, the duration of the scheduling unit having 2 symbols is roughly 140us, which is shorter than the scheduling unit lengths for SCS = 30kHz having 7 symbols (~250us), and is a good number for latency reduction. 
In summary, scheduling unit for eMBB of short TTI length can be summarized in Table 2.

Table 2.	Number of symbols per scheduling units with various SCS for eMBB short TTI.
	SCS
	15kHz
	30kHz
	60kHz
	120kHz
	240kHz
	480kHz

	No. of symbols per scheduling unit
(extremely short latency)
	2
	-
	-
	-
	-
	-



Proposal 2:
· Scheduling unit for eMBB having 2 symbols should be supported for SCS = 15kHz.

2.3. Scheduling unit for URLLC with scaled numerologies
Next, the necessary scheduling unit for URLLC is discussed. The U-plane latency requirement for URLLC is 0.5ms. Considering necessary gNB/UE processing time, the duration of scheduling unit should be shorter than 250us. With wider SCS, duration of a scheduling unit having 7/14 or more number of symbols can be sufficiently shorter (e.g., SCS = 60kHz with 7 symbols is 125us), which could meet the requirement [3]. On the other hand, the scheduling unit having 2 symbols can also be useful for URLLC. As discussed in section 2.2, a scheduling unit with SCS = 15kHz having 2 symbols is roughly 140us, which can meet the requirement as well [4]. Furthermore, considering the multiplexing between eMBB and URLLC on one carrier, URLLC scheduling unit with SCS = 30kHz having 2 symbols is also useful, since its duration corresponds to 1 symbol duration of SCS = 15kHz. Therefore, eMBB with SCS = 15kHz and URLLC with SCS = 30kHz would be good match for multiplexing on one carrier.
Not that SCS = 15kHz with 2 symbols can satisfy the requirement of URLLC U-plane latency if UL pre-scheduling and/or SPS type of resource allocation is enabled. SCS = 30kHz with 2 symbols can satisfy with normal UL scheduling procedure.

Table 3.	Number of symbols per scheduling units with various SCS for URLLC.
	SCS
	15kHz
	30kHz
	60kHz
	120kHz
	240kHz
	480kHz

	No. of symbols per scheduling unit
(lower overhead)
	-
	-
	-
	-
	-
	-

	No. of symbols per scheduling unit
(shorter latency)
	-
	-
	7
	14
	28
	56

	No. of symbols per scheduling unit
(extremely short latency)
	2
	2
	-
	-
	-
	-



Proposal 3:
· Scheduling unit for URLLC should be:
· 2 symbols for SCS = 15kHz and 30kHz.
· 7 or more symbols for SCS > 30kHz with sufficiently shorter duration (e.g., ~125us)

Overall, the set of scheduling units for eMBB and URLLC is summarized in table 4 (merged version of tables 1-3). Note that from specification point of view, the scheduling unit for eMBB and URLLC may not need to be distingished.

	SCS
	15kHz
	30kHz
	60kHz
	120kHz
	240kHz
	480kHz

	No. of symbols per scheduling unit
(lower overhead)
	14
	14
	14
	28
	56
	112

	No. of symbols per scheduling unit
(shorter latency)
	7
	7
	7
	14
	28
	56

	No. of symbols per scheduling unit
(extremely short latency)
	2
	2
	N/A
	N/A
	N/A
	N/A



3. Time-domain aspects
3.1. Subframe duration
According to the RAN1#86 agreement, subframe duration is defined by a reference numerology, where the reference numerology is not defined yet. For a given subframe duration, symbol-level alignment is ensured within a subframe duration in the carrier. How many reference numerologies are defined and how to pick up the reference numerology for a UE in a carrier is the remaining open issues related to subframe duration.
Our view is that single reference numerology should be defined for NR, i.e., support only one subframe duration for any NR operation. The main reason is CA with different numerologies in different carriers. It is natural to apply carrier aggregation between NR (or LTE) carriers at lower carrier frequencies (e.g., 4GHz) and higher carrier frequencies (e.g., 30GHz). Because of the different impact of phase-noise or Doppler frequency, different numerologies may be used in these carriers. In this case, if the reference numerologies of these carriers are different, symbol-level (or scheduling unit level) alignment between the carriers is not available. For example, if a reference numerology of one carrier is 15kHz (i.e., subframe duration is exact 1ms) while a reference numerology of another carrier is 60kHz (i.e., subframe duration is exact 0.25ms), symbol-lengths of SCS = 60kHz are different in the carriers. If the SCS = 60kHz is used as the actual numerology for signal transmission/reception on both carriers, not only symbol-level, but also scheduling unit-level alignment is not available. As such, allowing different subframe duration would be harmful, at least from forward compatibility point of view. Rather, single reference numerology has no negative impact over the whole design. Therefore, our preference is to define single subframe duration. Since the major use-case of NR for eMBB/URLLC is covered by SCS = 15kHz or wider, the subframe duration of 1ms is a good value.
Proposal 4:
· Single subframe duration is defined for NR.
· The subframe duration is 1ms with the reference numerology of SCS = 15kHz.

3.2. Slot
There was a discussion on how many symbols per slot. Our preference is 7 symbols per slot, regardless of SCS and/or duration of a scheduling unit. Then, scheduling unit having 14 symbols or more can be realized by slot-aggregation; the scheduled data is mapped over 14 symbols or more for that case. System information, RRC signaling, or L1 signalling can be used to indicate the scheduling unit duration. 
Proposal 5:
· One slot has 7 symbols (in case of normal CP overhead).
· A scheduling unit having more than 7 symbols can be realized by slot-aggregation.

3.3. Mini-slot
Mini-slot shall be usable to meet the demand for latency reduction of eMBB and URLLC. Considering the above discussion, 2-symbol scheduling unit for SCS = 15kHz and 30kHz is feasible as the short-TTI. Mini-slot can be defined for this purpose. 
Proposal 6:
· One mini-slot has 2 symbols (in case of normal CP overhead).

4. Conclusion
In this contribution, we discussed time-domain aspects of frame structure and proposed the following:

Proposal: 
· Agree following table as the set of scheduling units for eMBB and URLLC.

	SCS
	15kHz
	30kHz
	60kHz
	120kHz
	240kHz
	480kHz

	No. of symbols per scheduling unit
(lower overhead)
	14
	14
	14
	28
	56
	112

	No. of symbols per scheduling unit
(shorter latency)
	7
	7
	7
	14
	28
	56

	No. of symbols per scheduling unit
(extremely short latency)
	2
	2
	N/A
	N/A
	N/A
	N/A



Proposal: 
· Agree following definitions of subframe, slot, and mini-slot.
· Subframe duration is 1ms with the reference numerology of SCS = 15kHz for any carrier.
· One slot has 7 symbols (in case of normal CP overhead).
· One mini-slot has 2 symbols (in case of normal CP overhead).
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