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1 Introduction

In RAN1#86, the following agreements were made about time domain structure [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:
· 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
Depending on the agreements, this contribution discusses several FFS issues and then provide our views on them. 
2 Discussion
This section discusses following issues that were considered as FFS in previous agreements given in section 1. 

· Whether different UEs may have different reference numerologies in a given NR carrier or not?
· Whether both slot and mini-slot are necessary in time domain structure for NR?

· What is the number of GAP necessary for time domain structure?

Whether different UEs may have different reference numerologies in a given NR carrier or not?
First, it was agreed that the terminology “subframe” is defined as a duration of the number of OFDM symbols from a reference numerology under a same CP overhead. As a result, the terminology “subframe” takes a role of an absolute time duration in terms of time domain regardless of the subcarrier spacing value chosen for the reference numerology. In these regards, it is preferred that all NR UEs in a NR cell have the same reference numerology because all NR UEs irrespective of vertical services can have the same reference timing by utilizing the “subframe”. Thus, a common time duration can be induced from “subframe” by the reference numerology and therefore, the absolute timing would be maintained between all NR UEs in the NR cell when data transmission/reception is performed. Also, “subframe” can be applicable for essential system operations such as synchronization, system information acquisition, random access, and paging.
Proposal 1: All UEs in a NR cell have a common reference numerologies to define a subframe duration.
Whether both slot and mini-slot are necessary in time domain structure for NR?
It was discussed that the terminologies “slot” and “mini-slot” are defined as a duration of the number of OFDM symbols in the numerology used for transmission. Although exact structures of “slot” and “mini-slot” is still being discussed, the following basic structures were agreed in the last RAN1 meeting.

· For slot

	· 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
· One possible scheduling unit


· For mini-slot
	· 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)


Comparing the structures for “slot” and “mini-slot” that have been discussed so far, it seems both terminologies include almost similar structures as seen in the above boxes. Only difference between “slot” and “mini-slot” is the duration in terms of the number of OFDM symbols. Consequently, if it is sufficiently flexible to provide the time duration by having just one terminology out of two, both “slot” and “mini-slot” don’t have to be introduced and “mini-slot” can be merged into “slot”. 
Proposal 2: Introduce only one terminology “slot” for NR.
If only “slot” is adopted without the concept of “mini-slot”, the following alternatives can be considered to provide flexible time durations appropriate for data transmission in various verticals such as eMBB, URLLC, etc.
· Alt.1: “slot” duration is fixed as y OFDM symbols and then fractional or multiple slots are configured for a certain vertical. 
· Alt.2: “slot” duration is configured among several candidates.
In Alt.1, there can be two different options. First possible option is that “slot” duration is fixed as 7 or 14 OFDM symbols for 15KHz SCS and then, fractional slot (e.g. 1 or 2 OFDM symbols for 15KHz SCS) is configured for URLLC. This option is similar to the shortened TTI in LTE. The other option for Alt.1 is that “slot” duration is fixed as 1 or 2 OFDM symbols for 15 KHz SCS and then, multiple slots (e.g. 2/7/14/28 OFDM symbols for 15KHz SCS) are configured for eMBB. 
In Alt.2, “slot” duration can be configured among predetermined values in terms of time or symbols (e.g. 0.5 ms and 1 ms for 15 KHz SCS or 0.125 ms and 0.25 ms for 60 KHz SCS). Note that it is not precluded to have different numerologies (slot duration, CP length, etc.) for DL and UL.
Proposal 3: Consider a fixed duration or configurable durations for “slot”.
What is the number of GAP necessary for time domain structure?
So far, it has been discussed that GAP is necessary for the specical subframe type consisting of DL part, GP and UL part within a slot. In this case, GAP is needed for TX-RX switching and potentially propagation delay and UE/gNB processing time. On top of that, there can be other cases that may require GAP. As discussed in LTE eMTC WI, GAP may be required for RF retuning due to different subband positions between DL control and data. And potentially there may be other cases that need GAP for forward compatibility reason. Therefore, taking into account above aspects, the number of GAP within a slot should be decided. 

Proposal 4: At least one GAP is supported in a slot. Whether more than one GAP are needed or not is FFS. 

3 Conclusions 

This contribution discusses several FFS issues for time domain structure and proposes the following depending on the discussion:
Proposal 1: All UEs in a NR cell have a common reference numerologies to define a subframe duration.
Proposal 2: Introduce only one terminology “slot” for NR.
Proposal 3: Consider a fixed duration or configurable durations for “slot”.
Proposal 4: At least one GAP is supported in a slot. Whether more than one GAP are needed or not is FFS.
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