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1 Introduction 
During RAN1#85, the following agreements are made for NR frame structure design principles, HARQ, and timing relationships [1]:
Agreements:
· RAN1 strives for maximizing commonality between TDD and FDD
· It is preferable that mechanisms to indicate the timing relation are duplex agnostic
· Note: This does not preclude any optimization either for FDD only or TDD only
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

Agreement: 
· 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
In this contribution, we further discuss NR subframe duration and frame structure based on the above agreements.
2 Discussions
A wide range of applications are required to be supported in NR. Basically, there are three types of usage scenarios: eMBB, mMTC, and URLLC according to [2]. These different scenarios have their own characteristics and cannot be satisfied by a single numerology or frame structure. For example, URLLC has stringent latency requirement. The design target of user plane latency is 0.5ms for both downlink and uplink. In contrast, eMBB doesn’t require very low latency to operate efficiently. For mMTC, to meet the coupling loss requirement, it may require longer transmission time. To satisfy the requirements of different usage scenarios, variable transmission duration is necessary. In the following discussions, ‘‘subframe’’ refers to the time-domain minimum schedulable unit in physical layer for a given numerology.
Observation 1: To satisfy the requirements of different usage scenarios in NR, variable transmission duration is necessary.

2.1 Discussion on subframe duration
Of the three usage scenarios, URLLC has the most stringent latency requirement. The user plane latency should be below 0.5ms. In contrast, in LTE, the subframe duration is 1ms and the corresponding user plane latency is 4.8ms for FDD [3]. Thus the subframe duration of NR should be smaller than 1ms to meet the latency requirement. The following two alternatives can be considered to reduce the subframe duration:

· Alt 1: Reduce the number of OFDM symbols in a subframe
· Alt 2: Utilize larger subcarrier spacing.
Currently, the number of OFDM symbols in a subframe is 14 in LTE for normal CP. According to the outcome of LTE latency reduction SI in [4], it is recommended to support 2-symbol and 1-slot sTTI for FS1 and 1-slot sTTI for FS2. Thus if the same subcarrier spacing 15 kHz as in LTE is assumed, 7 or 2 OFDM symbols can be considered for a subframe. However, it should be noted that using 7 OFDM symbols with 15kHz subcarrier spacing still cannot meet the 0.5ms user plane latency requirement based on the current LTE subframe structure. On the other hand, Alt 2 reduces the subframe duration by increasing the subcarrier spacing. For example, if the subcarrier spacing is increased from 15kHz to 30kHz, the subframe duration can be reduced to 0.5ms. To meet the latency requirement, a larger subcarrier spacing such as 60 kHz or 120kHz may be required. Thus we propose to combine Alt 1 and Alt 2 to have higher flexibility for possible future enhancements. The result subframe duration should be scalable to 1ms in order to support 1ms alignment. Besides, NR should be able to support multiplexing of different numerologies on the same carrier to achieve Alt 2. Thus we have the following proposals:
Proposal 1: It is recommended a NR subframe should have smaller duration than LTE subframe. The smaller subframe duration can be achieved by having smaller number of OFDM symbols than LTE subframe in case of 15kHz subcarrier spacing and/or by increasing the subcarrier spacing.
Proposal 2: The outcome of the subframe duration should be scalable to 1ms in order to support 1ms alignment.

Proposal 3: NR should be able to support multiplexing of different numerologies on the same carrier.
2.2 Discussion on frame structure
The NR frame structure should be flexible enough to support various kinds of services. In this subsection, we propose the frame structures for NR. The basic subframe types is illustrated in Figure 1. A DL subframe starts from the beginning of the subframe. DL subframe Type 1 utilizes the entire subframe duration, while Type 2 utilizes only partial subframe duration. An UL subframe ends at the end of subframe. Similar to DL subframe, the types of the UL subframe is to distinguish whether the whole subframe duration is utilized.
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Figure 1 DL/UL subframe types
The design of subframe type 2 is to enable low latency services. The example of fast response operation is illustrated in Figure 2. In TDD, we can apply DL subframe type 2 and UL subframe type 2, so the transmission and ACK/NACK can be finished within a subframe. For FDD, the fast response operation can be achieved by applying a special timing advance value, so the ACK/NACK can be obtained shortly after DL transmission. In case of full-duplex FDD capable UE, DL subframe type 1 can be used to exploit the whole DL subframe. Note that this operation can be combined with subframe duration reduction discussed in previous section to further reduce latency.
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Figure 2 Example of fast response operation
Transmissions are not necessarily confined to a subframe and can span multiple subframes as illustrated in Figure 3. The purpose of the longer transmission duration is for services that do not require low latency. Thus the overhead such as control in FDD/TDD and guard period in TDD can be reduced.
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Figure 3 Example of DL transmission spanning multiple subframes
Proposal 4: The NR DL and UL transmission may occupy entire or partial subframe duration.
Proposal 5: NR should be able to support different timing advance values for TDD and FDD.

Proposal 6: NR should be able to support transmissions spanning multiple subframes and the corresponding HARQ operations.
3 Conclusion

In this contribution, we have discussed the subframe duration and frame structure for NR, and we have the following observations and proposals.
Observation 1: To satisfy the requirements of different usage scenarios in NR, variable transmission duration is necessary.

Proposal 1: It is recommended a NR subframe should have smaller duration than LTE subframe. The smaller subframe duration can be achieved by having smaller number of OFDM symbols than LTE subframe in case of 15kHz subcarrier spacing and/or by increasing the subcarrier spacing.
Proposal 2: The outcome of the subframe duration should be scalable to 1ms in order to support 1ms alignment.

Proposal 3: NR should be able to support multiplexing of different numerologies on the same carrier.
Proposal 4: The NR DL and UL transmission may occupy entire or partial subframe duration.

Proposal 5: NR should be able to support different timing advance values for TDD and FDD.

Proposal 6: NR should be able to support transmissions spanning multiple subframes and the corresponding HARQ operations.
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