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1. Introduction
In RAN1#86, the followings were agreed. 
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
This contribution discusses remaining issues related to frame structure, particularly, focusing on subframe, slot and mini-slot definitions. 
2. Discussion

2.1. Reference Numerology for Subframe
In our view, the main purpose of subframe definition is to define timing reference for synchronization signals, PBCH and SIB transmissions. In this sense, it is natural that reference numerology defining subframe is the numerology used for synchronization signals, PBCH and possibly for SIB. Thus, we consider only one reference numerology is present per carrier. To minimize unnecessary UE complexity, as mentioned in our companion contribution [1], it is considerable to fix numerology of synchronization signals to a very limited set per frequency range (e.g., below 6 and above 6 GHz). This implies that numerology used for synchronization signals can be fixed per frequency range. However, at the same time, due to different delay spread requirement and latency requirement, it can be considered to adopt different numerology in the same frequency range. In this sense, it is further considerable to differentiate numerology for synchronization signals and other transmissions such as PBCH/SIB and possibly unicast data. Alternatively, common data/signals and unicast data can utilize different numerology. If the scenario where common data and synchronization signals may utilize different numerology is supported, the reference numerology can be defined as the numerology used for common data transmission. Generally, reference numerology can be defined as the numerology used for common data transmission. The reference timing for synchronization signals can be based on 1msec, thus, additional reference timing may not be necessary. For the numerology used for common data, it may be indicated by synchronization signals or can be fixed per frequency region. 
Proposal 1: Reference numerology is defined per carrier, and derived from synchronization signals. 

2.2. Subframe/slot/mini-slot
As discussed, we consider subframe can be used for scheduling unit and reference timing for common data. In addition, the necessity of slot as different numerology is used for unicast transmission, in our view, can be represented as mini-slot or more generally unicast scheduling unit, which we can call as time resource unit (TRU). Similarly, for frequency domain, frequency resource unit can be defined between 12 or 16 subcarriers per numerology. One resource block can be defined as combination of time/frequency resource units. TRU can be defined per numerology used for transmission. TRU can include small size such as 2 OS and also include large size such as 14 OS for URLLC and eMBB data. More generally, for example for mMTC, the larger size of scheduling unit such as 28 OS should be also considered. Also, for higher subcarrier spacing, scheduling unit larger than 14 OS would be beneficial. 

In summary, we propose the followings. 
Proposal 2: Subframe is used as scheduling unit for common data transmission. 

Proposal 3: Slot and mini-slot are combined, and renamed as time resource unit (TRU). 

Proposal 4: TRU is defined per numerology.

Proposal 5: TRU size can include at least 2 OS and 14 OS. For some use cases, support multiple of 14 OS for TRU size. 
Proposal 6: For common data, subframe is used for purposed defined under slot in RAN1#86. For others, TRU is used for purposed defined under slot and mini-slot in RAN1#86.  

In terms of smaller size of TRU, we consider that at least 2 symbol size should be supported to meet the latency requirement for 15 kHz. For 30 kHz and 60 kHz, it is beneficial to support 4 and 8 OFDM symbols for TRU sizes which correspond to 2 OFDM symbol based on 15 kHz. More generally, it is considered to define a TRU size corresponding to 2 OFDM symbol based on the numerology used for eMBB. The reason is to allow efficient TDM multiplexing of URLLC and eMBB. In terms of scheduling of eMBB, it is also considerable to utilize either large SU size or small SU size (i.e., 14 or 2 OS). In case small TRU size is used, for eMBB scheduling multi-TTI scheduling can be utilized which can allow efficient multiplexing between eMBB and URLLC in the same NR carrier.  
Proposal 7: Support TRU size of 2 or multiple of 2 OFDM symbols. For TDM multiplexing eMBB and URLLC, scheduling eMBB utilizing multiple small TRUs should be supported. 
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Figure 1. Illustration of different TRUs
 Figure 1 shows an example of different TRUs. Smaller size of TRU less than 14 OS may be defined only for a limited set of numerologies supported by the carrier, rather than for all numerologies. The main purpose of small TRU size is to support for URLLC, small TRU size is defined for the numerology(s) used for URLLC only. 
2.3. Subframe/TRU Types

The slot structure should be flexible to indicate (1) DL burst only (2) UL burst only (3) DL burst – GP – UL burst and (4) overlapped DL burst and UL burst. Also, the size of DL burst and UL burst can be dynamically changed via scheduling to allow efficient multiplexing with other services and other links. In that sense, it becomes very inefficient to define a prefixed set of subframe patterns/types. So, we propose the following two subframe types shown in Figure 2 which can be overlaid to define a subframe/TRU type. 
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Figure 2. Basic structure to define a TRU type
With these two basic structure where GAP can be zero values, Figure 3. shows an examples of different patterns in unpaired and paired spectrum. 
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Figure 3. Various TRU types with DL burst and UL burst structure

To allow full flexibility including forward compatibility, we propose to adopt the basic DL burst and UL burst structure where GAP size can be dynamically adjusted by the scheduling information or semi-statically configured and two structures can be overlaid in the case of unpaired spectrum or flexible duplex operation in a band. 

Proposal 8: Two structure - DL + gap and gap + UL + gap – are used to represent any DL/UL combination within a TRU in overlaid manner between DL and UL.  

3. Conclusion

This contribution discussed frame structure design and proposed the followings. 
Proposal 1: Reference numerology is defined per carrier, and derived from synchronization signals. 

Proposal 2: Subframe is used as scheduling unit for common data transmission. 

Proposal 3: Slot and mini-slot are combined, and renamed as time resource unit (TRU). 

Proposal 4: TRU is defined per numerology.

Proposal 5: TRU size can include at least 2 OS and 14 OS. For some use cases, support multiple of 14 OS for TRU size. 

Proposal 6: For common data, subframe is used for purposed defined under slot in RAN1#86. For others, TRU is used for purposed defined under slot and mini-slot in RAN1#86.  

Proposal 7: Support TRU size of 2 or multiple of 2 OFDM symbols. For TDM multiplexing eMBB and URLLC, scheduling eMBB utilizing multiple small TRUs should be supported. 

Proposal 8: Two structure - DL + gap and gap + UL + gap – are used to represent any DL/UL combination within a TRU in overlaid manner between DL and UL.  

4. Reference
[1]  R1-1609265, “Numerology for NR Synchronization Signal”, LG Electronics
