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1 Introduction
In RAN1#86 a number of agreements were taken on concepts related to frame structure for NR:
Agreements:
· A slot can contain all downlink, all uplink, or {at least one downlink part and at least one uplink part}

· FFS regarding the number of switching points, multiplexing of different use cases (e.g., multiplexing eMBB and URLLC use cases) and/or numerologies in the time domain

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 addition, an email discussion [86-19] took place after RAN1#86 to discuss more specific example structures that are envisioned for different use cases. The email discussion probed opinions on transmission durations to be supported for each numerology, the timing of control channels and scheduling occasions, and the number of gaps.
This contribution analyzes different options for the open points and provides proposals on how to resolve them, considering the email discussion.
2 Interpretation of slot
In RAN1#86 the concepts of slot and mini-slot were introduced. Although the agreement does not explicitly state so, from the email discussion it appears that a majority of companies view the slot as the typical scheduling unit (for e.g. eMBB) and the mini-slot as another (shorter) scheduling unit that could be used for URLLC or in unlicensed operation. 
According to another view, a mini-slot should correspond to a portion of a slot, for example a time interval over which a transmission associated to a specific HARQ process is mapped. In this view a slot could be characterized (in TDD) as a time interval over which at most one switch from DL to UL can occur.
These views are not totally diverging since according to the former interpretation it would make sense that at most one switch from DL to UL is allowed within the slot.
Proposal 1: At most one gap for UL/DL switching is supported within a slot

In the remainder of the discussion, the concept of slot is interpreted according to the majority view, i.e. the typical scheduling unit in NR for eMBB operation.
3 Duration of a slot
Following the view that a slot corresponds to the typical scheduling in NR for eMBB service, a natural question is the duration(s) that should be supported for a given numerology. From the email discussion the main candidates  that emerge are either 7 or 14 symbols (for normal CP overhead) for the lower subcarrier spacing values (e.g. up to 60 kHz) and possibly more for higher values. Both values have some benefits, i.e.:
· 7 symbols 

· allows for shorter TTI than R13 LTE (even at 15 kHz) which brings some benefits especially in case of short TCP transfers.
· 14 symbols

· lower overhead from control signaling;
· allows for shorter TTI than R13 LTE when the subcarrier spacing can be increased to 30 kHz or 60 kHz;
· better possibilities for alignment with shorter transmission of equal durations, e.g. 7 short TTI’s of 2 symbols (equal size) can fit, or eventually 2 TTI’s of 13 symbols with doubled subcarrier spacing (semi-extended CP, if supported). 
Between these two values we have a preference for 14 symbols. However, it should be recognized that the best value may depend on the deployment (e.g. whether scaling up subcarrier spacing beyond 15 kHz is possible). For this reason we think that a reasonable approach would be to make the duration configurable, possibly on a dynamic basis. The duration should also be separately configurable for uplink and downlink in case different CP overheads would need to be supported.
Proposal 2: The number of symbols (and CP overhead) for a slot is configurable for each subcarrier spacing value and direction (UL/DL).
· Possible values for the normal CP case include at least 7, 14, 28
4 Concept of mini-slot

Assuming the majority interpretation for slot and mini-slot as scheduling units applicable to different services, it is not entirely clear why a separate concept of mini-slot is needed instead of simply defining or configuring slots of a different durations. Possible motivations could include:

· If the duration of a mini-slot can be variable (e.g. signaled dynamically) with granularity of an OFDM symbol

· If the mini-slot can start at any OFDM symbol

Proposal 3: If a mini-slot is defined in addition to a slot, it should have one or more of the following properties:

· Higher flexibility for the duration compared to a slot
· Higher flexibility in starting time compared to a slot
5 Control and scheduling occasions

If a slot and a mini-slot are interpreted as scheduling units, it follows naturally that scheduling should occur at most once per slot, or (if defined) once per mini-slot.
Proposal 4: Scheduling can occur at most once per slot (and mini-slot).
Scheduling needs to be support by DL control information which should preferably occur at the beginning (or as early as possible) in the slot. Additional DL control information could be required later in the slot depending on the solution adopted for multiplexing of eMBB with URLLC traffic.

Proposal 5: DL control information can occur at least at the beginning of the slot (and mini-slot).

Transmission of UL control information is required at least for the transmission of HARQ-ACK. To enable short round trip time it should be possible to locate UL control at least at the end of the slot. However, it was noted that in coverage-limited scenarios it may be necessary to utilize a larger portion of the slot (or possible the whole UL portion of the slot) for UL control. In addition, other types of UCI may have to occupy other portions of the slots, such as CSI (due to higher payload) or scheduling request (or scheduling assignment, in case of e.g. sidelink operation) which should more naturally occur at the beginning of the UL portion of the slot.

Proposal 6: UL control information can occur at least at the end of the slot (and mini-slot)

· Other locations should be FFS depending on e.g. type of UCI

6 Conclusion

This contribution discussed some of the open points related to frame structure in NR and more specifically the concept of slot and mini-slot. The following proposals are made:
Proposal 1: At most one gap for UL/DL switching is supported within a slot

Proposal 2: The number of symbols (and CP overhead) for a slot is configurable for each subcarrier spacing value and direction (UL/DL).

· Possible values for the normal CP case include at least 7, 14, 28

Proposal 3: If a mini-slot is defined in addition to a slot, it should have one or more of the following properties:

· Higher flexibility for the duration compared to a slot
· Higher flexibility in starting time compared to a slot
Proposal 4: Scheduling can occur at most once per slot (and mini-slot).

Proposal 5: DL control information can occur at least at the beginning of the slot (and mini-slot).

Proposal 6: UL control information can occur at least at the end of the slot (and mini-slot)

· Other locations should be FFS depending on e.g. type of UCI
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