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1	Introduction
An objective of the 5G study item [1] is to identify and develop technology components needed for new radio (NR) systems being able to use any spectrum band ranging at least up to 100 GHz. The goal is to achieve a single technical framework addressing all usage scenarios, requirements and deployment scenarios defined in TR38.913 [2]. 
This contribution relates to frame structure design for the new RAT based on the assumption that the waveform is based on CP-OFDMA. In RAN1 #86, the following agreements related to subframe and slot structures were made [3]:
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:
· 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 provide our views on the open items related to slot and subframe structures. In companion contributions we provide further details related to symbol level alignment [4], and mini-slot structures [5].
2	Discussion
One of the open issues related to NR frame structure is the slot length in terms of OFDMA symbols. Figure 1 illustrates two options in the case of bi-directional subframe:
· Option with y=x/2 (=7) is illustrated in Figure 1a
· Option with y=x (=14) is illustrated in Figure 1b.

As agreed in RAN1#86, the NR slot defines one possible scheduling unit in addition to mini-slot. Hence, it defines also the maximum DL/UL control channel periodicity and DL-UL switching periodicity at least in the cases when mini-slot is not applied. 

Generally speaking, limiting the slot length into y=x can be seen an unnecessary and artificial limitation for the NR operation. Having two options available for the slot length configuration allows to trade off latency performance with GP/Control channel/RS overhead, according to the scenario of interest. For example when operating at low carrier frequencies and in the latency critical scenario, it may be a feasible option to select y=7. On the other hand, when minimizing the overhead in the wide area scenario, it may be better to operate with y=14. Furthermore, in the scenarios with higher sub-carrier spacing, e.g. 240 kHz, the minimum practical scheduling unit could be too short even with y=14 (e.g. 0.0625 ms with 240 kHz subcarrier spacing). In these cases, it should be possible to support either larger slot size (such as y=2x or y=4x) or configuration where scheduling unit consists of multiple slots with y=14.


Proposal #1: Support at least two options for the slot length, namely y=7 and y=14. 
Proposal #2: Consider slot length y as a semi-statically configured parameter in the cell. 
Observation #1: For higher sub-carrier spacings, it should be possible to support either larger slot size (such as y=2x or y=4x) or configuration where scheduling unit consists of multiple slots with y=14.
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 Figure 1. Bi-directional DL subframe with a) two slots and b) one slot.  

It has appeared that the current definition of reference numerology does not support symbol alignment across different subcarrier spacings for reference numerologies with subcarrier spacing ≥ 60 kHz (see details in [4]). The reason is that it was agreed in RAN1#86 that subframe duration in ms for a reference numerology with subcarrier spacing (2m*15) kHz is exactly 1/2m ms.
In order to support symbol level alignment with any reference numerology, there is a need to revise the definition of subframe duration (in ms). One approach is to define that the minimum subframe duration is 0.5 ms. This would mean that the number of slots (and consequently the number of symbols) increases progressively with the subcarrier spacing:
· Up-to 30 kHz: x=14 (two slots with y=7)
· 60 kHz: x =28 (four slots with y=7)
· 120 kHz: x =56 (eight slots with y=7)
· And so forth.
The principle is shown in Figure 2. The number of OFDMA symbols per subframe can be expressed as max([7*2m, 14]).

Proposal #3: The minimum subframe duration for a reference numerology is 0.5 ms. 
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Figure 2. Subframe for reference numerology with minimum length = 0.5 ms, y=7.

3	Conclusions
In this contribution we have discussed on the open items related to slot and subframe structures. Based on the discussion, we make the following proposals and an observation:
Proposal #1: Support at least two options for the slot length, namely y=7 and y=14.  
Proposal #2: Consider slot length y as a semi-statically configured parameter in the cell.  
Proposal #3: The minimum subframe duration for a reference numerology is 0.5 ms. 
Observation #1: For higher sub-carrier spacings, it should be possible to support either larger slot size (such as y=2x or y=4x) or a configuration where scheduling unit consists of multiple slots with y=14.
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