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Introduction
In the last RAN1 meeting, the notion of ‘time interval X’ was discussed, but its definition is rather ambiguous. In order to establish a common terminology to facilitate further discussions, we think it is clearer to separate two very different concepts: 1) Subframe definition for NR; 2) DL/UL control timing. In this contribution, we present our views on the issues.
Discussion on subframe structure and control timing for NR
1 
2 
1.1 Subframe definition for NR
In our view, the notion of subframe would be useful for NR. Similarly to LTE, subframe for NR can be the basic time unit for describing the mapping of physical channels and physicals signals to resource grid, as well as the basic time unit used for describing the timings of various UE procedures, such as DL/UL scheduling, DL/UL feedbacks (HARQ-ACK/CSI), response to timing advance command, Msg3 response to RAR, etc. 

This basic definition of subframe should be no different for DL, UL and SL, and for TDD and FDD, although the actual physical channels/signals mapping and the actual timings of procedures may still have dependencies on the link types and duplexing modes (just like LTE). The subframe types can be broadly classified as DL subframe, UL subframe, mixed DL/UL subframe (for TDD), and SL subframes. Additional types may need to be defined for specific use cases such as for backhaul in the case of wireless relay [1]. 

For efficient/convenient co-existence with LTE particularly at sub-6GHz, NR subframe duration should scale as 1/M*1ms or M*1ms where M is a positive integer. 

In the case of supporting different verticals is done through TTI scaling without changing numerology, the subframe definition needs not change similar to LTE reduced latency design, because changing the subframe definition to follow the TTI length will complicate the description of physical signals that may be independent of the applied TTI scaling (such as synchronization signals, CSI-RS, etc). 

Proposal 1: NR subframe is the basic time unit (in terms of the number of OFDM symbols) for describing the mapping of physical channels and physical signals to OFDM resource grid, as well as the time unit used for describing the timings of various UE procedures.

1.2 DL/UL control timing for NR
An important discussion that should take place is the signalling timing for NR, particularly the scheduling timing and HARQ-ACK timing. It was agreed in the last meeting to strive for a transmission framework that supports flexible and confined spectrum utilization for ensuring forward compatibility and compatibility of different features. 

On the timing between a DL assignment and the corresponding DL data, the following alternatives should be considered:
Alt 1: DL data is transmitted in the same subframe as the DL assignment
Alt 2: DL data is transmitted in a subframe after the DL assignment
· Alt 2a: Semi-persistent indication
· Alt 2b: Dynamic indication
 
Alt 1 is the current LTE design. Alt 2 includes a sub-alternative of semi-persistent indication (Alt 2a) which is supported in LTE for VoIP applications. For additional scheduling flexibility, Alt 2 can be enhanced to support dynamic indication (Alt 2b) if timing information for DL data (subframe) can be carried in the DL assignment. In general, Alt 2b can allow better control of control channel loading across subframes without tight coupling with the data timing. Alt 2b can also be beneficial for a mixed DL/UL subframe type where a subframe may consist of only a DL control region followed by a gap and a UL region. Other use case includes support for wireless relay as discussed in [1]. There can be a unifying framework of Alt 1 and Alt 2 if the subframe timing of DL data can be controlled by the network (dynamically or semi-statically). 

In addition, it should be possible for the scheduled DL data to span one or more subframes. DL data assignment to multiple subframes is beneficial for transmission of large data size (either as one transport block or as multiple transport blocks) with small control overhead (eMBB).

On the HARQ-ACK timing, the following alternatives have been proposed.
Alt i: HARQ-ACK after the end of DL data within the same subframe
Alt ii: HARQ-ACK after y subframes from the corresponding DL data, where y (>0) is indicated to a UE dynamically and/or semi-statically.

The motivation for Alt i is to enable ‘self-contained subframe’. However, as mentioned in [3], UE implementation feasibility and coverage problem should be considered before adopting it as a NR design principle. On the other hand, Alt ii would allow more flexible UE implementation and sufficient coverage and ensuring forward compatibility at the same time by providing flexibility for the network to control the HARQ-ACK transmission timing from the UE.

On the timing between a UL grant and the corresponding UL data transmission, similar alternatives as the HARQ-ACK timing are possible:
Alt A: UL data is transmitted after the UL grant in the same subframe
Alt B: UL data is transmitted after z subframes from the UL grant, where z (>0) is indicated to a UE dynamically and/or semi-statically.

The consideration factors are similar as those for the HARQ-ACK timing. Similar to the DL, it should be possible for the scheduled UL data to span one or more subframes for low control overhead.

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 2: DL data can be transmitted after x subframes from the corresponding DL assignment, where x≥0 and can be signalled.
Proposal 3: UL HARQ-ACK is transmitted after y subframes from the corresponding DL data, where y>0 and can be signalled.
Proposal 4: UL data is transmitted after z subframes from the corresponding UL grant, where z>0 and can be signalled.
Proposal 5: Scheduled DL/UL data can be mapped to one or more subframes.

Conclusions
In this contribution, we presented our views on subframe definition and the UL/DL control signalling framework for NR. In order to support flexible and confined NR transmission framework for ensuring forward compatibility and compatibility of different features, we have the following proposals.

Proposal 1: NR subframe is the basic time unit (in terms of the number of OFDM symbols) for describing the mapping of physical channels and physical signals to OFDM resource grid, as well as the time unit used for describing the timings of various UE procedures.
Proposal 2: DL data can be transmitted after x subframes from the corresponding DL assignment, where x≥0 and can be signalled.
Proposal 3: UL HARQ-ACK is transmitted after y subframes from the corresponding DL data, where y>0 and can be signalled.
Proposal 4: UL data is transmitted after z subframes from the corresponding UL grant, where z>0 and can be signalled.
Proposal 5: Scheduled DL/UL data can be mapped to one or more subframes.

References
[1] R1-166763, Discussion on wireless backhaul support, Samsung
[2] R1-166761, Dynamic TDD for NR, Samsung
[3] R1-166757, Discussion on frame structure and HARQ timing, Samsung
[bookmark: _GoBack]
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

