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Introduction
[bookmark: _GoBack]It was agreed in the last meeting [1] that dynamic and semi-static scheduling timing (timing relationship between DL data reception and the corresponding acknowledgement, and/or the timing relationship between UL assignment and the corresponding UL data transmission) are supported and can be indicated to the UE. The remaining issues are FFS:
· Whether the indication to the UE is explicit or implicit
· The default value (if any) for each timing relationship
In this contribution, we present our views on the FFS issues.
Support of Flexible Scheduling Timing
1 
2 
Explicit scheduling timing indication is supported by explicit bit field in the DCI (for dynamic indication) or in a higher layer control message (for semi-static indication). Explicit indication incurs additional control overhead, but can provide more flexibility in timing indication. Control overhead is only a potential issue for L1 signalling and much less of a concern for higher layer signalling. For L1 signalling, obviously there is a trade-off between timing indication flexibility and control overhead. The range of timing indication can be further studied but it is not expected that excessive overhead would be required (e.g. 3-4 bits may be sufficient). 

With implicit scheduling timing indication, the scheduling timing is determined through some other control or configuration message(s). In LTE, the HARQ-ACK timing is determined from the TDD configuration as well as the subframe index of the DL assignment. Generally, implicit scheduling timing indication is much less flexible compared to explicit indication, although additional control overhead can be avoided.

Since flexibility and forward compatibility are important requirements for NR, signalling methods that can allow better flexibility should be preferred. The default value for each timing relationship is not an urgent issue to be resolved in the study item phase and can be revisited during the work item phase when the frame structure design becomes clearer.

Based on the above discussions, we have the following proposals to support flexible and confined NR transmission framework desired for ensuring forward compatibility and compatibility of different features:

Proposal 1: DL data can be transmitted after x subframes from the corresponding DL assignment, where x≥0 and can be signalled explicitly in the DCI if L1 signalling is configured, and by the higher layer otherwise.

Proposal 2: UL HARQ-ACK is transmitted after y subframes from the corresponding DL data, where y>0 and can be signalled explicitly in the DCI if L1 signalling is configured, and by the higher layer otherwise.

Proposal 3: UL data is transmitted after z subframes from the corresponding UL grant, where z>0 and can be signalled explicitly in the DCI if L1 signalling is configured, and by the higher layer otherwise.

Conclusions
A summary of our proposals is as follows:
Proposal 1: DL data can be transmitted after x subframes from the corresponding DL assignment, where x≥0 and can be signalled explicitly in the DCI if L1 signalling is configured, and by the higher layer otherwise.

Proposal 2: UL HARQ-ACK is transmitted after y subframes from the corresponding DL data, where y>0 and can be signalled explicitly in the DCI if L1 signalling is configured, and by the higher layer otherwise.

Proposal 3: UL data is transmitted after z subframes from the corresponding UL grant, where z>0 and can be signalled explicitly in the DCI if L1 signalling is configured, and by the higher layer otherwise.
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Appendix
Agreements:
· At least the following is studied for NR in order to reduce decoding latency
· RS used to start to demodulate a data transmission is located at the beginning of the time interval to which the data and associated RS for demodulation is physically mapped
· Other additional RS design associated with data demodulation is not precluded

Agreements:
· At least the following should be supported for NR in a frequency portion
· A time interval X which can contain one or more of the following
· DL transmission part
· Guard
· UL transmission part
· FFS which combinations are supported and whether they are indicated dynamically and/or semi-statically
· Furthermore, the following is supported
· The DL transmission part of time interval X to contain downlink control information and/or downlink data transmissions and/or reference signals
· The UL transmission part of time interval X to contain uplink control information and/or uplink data transmissions and/or reference signals
· FFS length(s) of time interval X
· FFS: other characteristics of time interval X
· Note: The usage of DL and UL does not preclude other deployment scenarios e.g., sidelink, backhaul, relay

Agreements:
· At least the following is supported for NR frame structure 
· Following timing relationships are indicated to a UE dynamically and/or semi-statically
· Timing relationship between DL data reception and corresponding acknowledgement
· Timing relationship between UL assignment and corresponding UL data transmission
· Following timing relationship is FFS whether fixed and/or dynamically and/or semi-statically indicated
· Timing relationship between DL assignment and corresponding DL data reception
· For above two sub-bullets
· Potential values for each timing relationship has to be studied further considering e.g., UE processing capability, gap overhead, UL coverage, and etc.
· Default value, if any, for each timing relationship is FFS.

Agreements:
· NR design should strive at least to enable the possibility for
· Corresponding acknowledgement reporting shortly (in the order of X µs) after the end of the DL data transmission
· Corresponding uplink data transmission shortly (in the order of Y µs) after reception of UL assignment
· Note: may depend on e.g. UE capability/category, payload size, etc
· FFS: X and Y in the order of a few tens of or hundreds of micro sec is feasible
· Other mechanisms/configurations in addition to fast/short corresponding acknowledgement are needed
· For example to provide coverage or enable TD-LTE coexistence
· Note: RAN1 will continue investigations about UE complexity, implementation processing time, interleaving applicability

Agreements:
· NR should support at least asynchronous hybrid ARQ in the DL and UL to avoid fixed timing relationship between initial transmission and re-transmission

Agreements:
· NR design should strive to enable the possibility for
· Corresponding retransmission shortly (in the order of Z µs) after the end of acknowledgement reporting
· FFS: Z in the order of a few tens of or hundreds of micro sec is feasible

Agreements:
· At least the following time domain structures should be studied/evaluated for NR
· DL transmission region (containing data assignments and data), guard region, UL transmission region (containing UCI)
· DL transmission region (containing data assignments), guard region, UL transmission region (containing data, UCI)
· Other structures not precluded
· Note: there is no assumption between the relationship of assignments and data in the above
· FFS: there can be guard region after the uplink transmission region.
· FFS: Study candidate solutions where 1 structure spans at most a time interval of 1 ms
· FFS: Metrics for study/evaluation
· Note: This does not preclude the same structure could span multiple 1 msecs

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:
· The following is supported for NR 
· From UE perspective, HARQ ACK/NACK feedback for multiple DL transmissions in time can be transmitted in one UL data/control region is supported
· Some or all of the following timing relationships can be indicated to a UE dynamically by the L1 DL signaling (FFS: explicit or implicit)
· Timing relationship between DL data reception and corresponding acknowledgement
· Timing relationship between UL assignment and corresponding UL data transmission
· Note: Default value, if any, for each timing relationship is FFS (agreement from RAN1 #85)
· Note: Potential values for each timing relationship has to be studied further considering e.g., UE processing capability, gap overhead, UL coverage, and etc. (agreement from RAN1 #85)
· Note: Other means of indicating the timing relationship are not precluded
· Some or all of the following timing relationships can be indicated to a UE semi-statically (FFS: explicit or implicit)
· Timing relationship between DL data reception and corresponding acknowledgement
· Timing relationship between UL assignment and corresponding UL data transmission
· Note: Default value, if any, for each timing relationship is FFS (agreement from RAN1 #85)
· Note: Potential values for each timing relationship has to be studied further considering e.g., UE processing capability, gap overhead, UL coverage, and etc. (agreement from RAN1 #85)
· Note: Other means of indicating the timing relationship are not precluded

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

