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1. Introduction

Frame structure in a multi-numerology deployment was discussed in RAN1#86 meeting. Subframe duration, slot and mini-slot were defined for description of transmission time duration. The agreements are summarized below.
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
· Subframe duration in ms for a reference numerology with subcarrier spacing (2m*15)kHz is exactly 1/2m ms 

· Specification supports multiplexing numerologies in TDM and/or FDM within/across (a) subframe duration(s) from a UE perspective
· Followings are considered as starting points of NR frame structure at least within the CP overhead 
· Subframe
· 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
Also, we have the following working assumption for symbol alignment:
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
From the conclusion, NR would support multiplexing numerologies in TDM and/or FDM within/across (a) subframe duration(s) from a UE perspective. However, without any restriction, the flexile multiplexing may bring some issues. In this contribution, we discuss the design of subframe structure for NR to support multiplexing of different numerologies for one UE and  among multiple UEs.
2. Discussion
In the past meeting, the frame structure was discussed and some time interval units were introduced for signal transmission and timing such as subframe, slot and mini-slot. It is clear that different numerologies may lead to different lengths of subframe/slot/mini-slot/OFDM symbol, and also different number of symbols within a time interval. To simplify the standardization effort and keep the forward compatibility, the same subframe structure for different numerologies is preferred. The design aspects of the subframe structure here include:
· The length of frame.
· The time domain structure of a slot/mini-slot including the number of OFDM symbols within a slot/mini-slot (the value of y), the number of gap, etc.
· The indication/determination mechanism of timing relationship for both TDD and FDD, including scheduling timing, HARQ timing, retransmission timing etc.
· The HARQ mechanism including timing mechanism and resource allocation.
Other designs corresponding to signal transmission, e.g. RS position, CP length, can be respectively considered for different numerologies.
Proposal 1: The subframe structure as mentioned above should be designed independently from the numerologies.
Since only one reference numerology is applied in a given NR carrier, single length of subframe duration would be assumed for a UE in a NR carrier. In LTE, subframe is applied as both signal transmission unit and timing unit. However, there is still ambiguity whether subframe duration can be used for signal transmission or only be used for timing. Even when subframe duration is only used for timing, the length should be aligned within a cell to ensure synchronization among UEs. Hence, the reference numerology should be consistent in a given NR carrier for different UEs.
The length of slot or mini-slot would vary for different numerologies used for signal transmission. Considering active UEs may have different traffic types, data for one UE and for different UEs using multiple numerologies could be TDMed or FDMed within/across subframe duration in a carrier. It would be very flexible if different numerologies could be multiplexed without any restriction as shown in Fig.1. Nevertheless, there may be also some issues:
· It would be very hard for receiver to determine the size of detection window if the transmission boundary does not align in different bands as shown in Fig.1.
· The timing would be mixed if different numerologies are arbitrarily TDMed. Since the same number of slots does not mean the same time length for different numerologies, it would be very difficult for eNB to indicate the timing for scheduling/HARQ.
· There would be strong scheduling restriction and additional scheduling complexity to ensure agreed 1 ms alignment.
· Inter-cell interference coordination would be difficult if there is no time alignment among cells.
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Fig.1: The example of multiplexing of multiple numerologies within/across subframe duration
To solve these issues, a unified transmission duration is required for different UEs in a carrier. That is, each data burst of one UE should be transmitted at the time unit of the transmission duration. Whether multiple numerologies can be TDMed within the transmission duration for one UE can be further studied. For simplification, the subframe duration can be used as the transmission duration. If only one reference numerology is defined in a carrier as propose 1, all the signal transmission can be scheduled at the unit of subframe duration based on the reference numerology. Then transmission time alignment can be ensured at least in a cell as in LTE. One example is shown in Fig.2 which assumes the same numerology within a transmission duration for a UE. The transmission duration can be used as the detection window in receiver, or used as scheduling unit at eNB. For example, single grant can be used to schedule data within a transmission duration at some cases.
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Fig.2: A unified transmission duration for different numerologies
Proposal 2: The reference numerology should be consistent in a given NR carrier for different UEs 

Proposal 3: A unified transmission duration (e.g. subframe duration based on unified reference numerology) is used as time unit of transmission for different UEs in a NR carrier.
3. Conclusions
In this contribution, we discuss the design of subframe structure to ensure forward compatibility and transmission alignment. Since multiple numerologies may be FDMed/TDMed for one UE or for different UEs, it is important to restrict the transmission duration. From the discussion, we propose that:
Proposal 1: The subframe structure as mentioned above should be designed independently from the numerologies..
Proposal 2: The reference numerology should be consistent in a given NR carrier for different UEs 

Proposal 3: A unified transmission duration (e.g. subframe duration based on unified reference numerology) is used as time unit of transmission for different UEs in a NR carrier.
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