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1 Introduction
In 3GPP RAN1#85, the following agreements are achieved regarding to frame structure.  However, detailed frame structure design remains open, e.g. the definition of time interval X, time length of time interval X etc.
· 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
This paper first provides our views on the definition of radio frame, subframe types and subframe time length for NR based on the analysis in [2]. 
2 Discussion
2.1 Radio Frame
To support NR (New Radio) in spectrums up to 100GHz in various deployments, multiple numerology sets are proposed for NR system to adapt to the channel and semi-conductor properties for optimized performance in different spectrums and deployments.  Due to different numerology sets, there could be two options to define an NR radio frame. First option is to apply a fixed time length for all supported numerology sets. Second option is to apply a scalable time length according to the supported numerology sets, e.g. a fixed number of OFDM symbols. Since radio frame is more related to protocol layer operation and time length is more meaningful in protocol layer, first option is preferable.
Furthermore, since the timing calculation in protocol layers is based on a radio frame in LTE, it may result in high complexity in both network and UE for the interworking design between LTE and NR, e.g. carrier aggregation, dual connectivity, if the radio frame boundaries between LTE and NR are not aligned.  Though it’s still not clear what kind of interworking design between LTE and NR will be supported, it can avoid potential restrictions for designs at the very early stage if NR radio frame boundary aligns with LTE one.  Considering efficient interworking between LTE and NR, it is suggested that NR radio frame boundary should be aligned with LTE one, as shown in Figure 1.
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Figure 1. Relationship between LTE radio frame and new RAT radio frame
Proposal #1: NR radio frame is defined as a fixed time length for all supported numerology sets and LTE radio frame time length should be an integer multiple of NR radio frame time length.
2.2 Subframe Types
From our views, there are two major advantages to have subframe structure in the NR frame structure design. First, subframe defines the basic periodicity for a UE to monitor DL PHY control information. Second, subframe also defines the basic time unit for channel structure design.
In existing TDD LTE design, HARQ-ACK timing is irregular (e.g. 4-6 ms HARQ-ACK latency) and thus it results in complicated HARQ-ACK feedback mechanism (e.g. HARQ-ACK bit bundling/multiplexing, different PUCCH types to support HARQ-ACK feedback in carrier aggregation) due to fixed subframe configuration. To simplify HARQ-ACK feedback mechanism, each subframe except those for common physical signals or control channels can be a flexible subframe (i.e. subframe type switch between multiple supported subframe types based on the system demands). With the support of flexible subframe, adaptive TDD DL/UL ratio can be supported for better system performance, especially for small cells. Table 1 illustrates the proposed subframe types and physical-layer signaling can be used to indicate the applied subframe type to a UE.
Proposal #2: Four subframe types, i.e. DL-only, UL-only, DL-major and UL-major, are supported in NR frame structure.
Table 1. Proposed subframe types in NR
	Subframe Type
	Describption
	Illustration

	DL-only Type
	· There is only DL part in the subframe
· DL part spans a full subframe
· There is at least NR-PDSCH in the DL part
· There may be NR-PDCCH in the DL part depending on system needs
	[image: image2.emf]DL



	UL-only Type
	· There is only UL part in the subframe
· UL part may spans a full subframe
· There is at least NR-PUSCH in the UL part
· There may be NR-PUCCH in the UL part depending on system needs
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	DL-major Type
	· There are both DL and UL parts in the subframe but DL part occupies major resources of a subframe
· There is at least NR-PDSCH in the DL part
· There may be NR-PDCCH in the DL part depending on system needs
· There is NR-PUCCH in the UL part
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	UL-major Type
	· There are both DL and UL parts in the subframe but UL part occupies major resources of a subframe
· There is NR-PDCCH in the DL part
· There is at least NR-PUSCH in the UL part
· There may be NR-PUCCH in the UL part depending on system needs
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2.3 Subframe Time Length

For subframe timing length, just like radio frame, there could be two options. First option is to apply a fixed time length for all supported numerology sets. Second option is to apply a scalable time length according to the supported numerology sets, e.g. a fixed number of OFDM symbols. Since subframe time length is highly related to the latency of physical-layer operation, e.g. the basic periodicity for link adaptation and CSI feedback, second option is preferable because scalable subframe time length according to the supported numerology sets enables NR to adapt to the channel and semi-conductor properties (e.g. coherent time, phase noise and channel delay spread) naturally. According to Table 2, coherent time decreases proportionally with the carrier frequency so it’s more reasonable to decrease the subframe time length proportionally as the subcarrier spacing increases.  However, shorter subframe time length implies shorter processing time for physical control and data channels.  For a UE supporting all numerology sets, it would require the UE hardware design targeting at the numerology set with shortest processing time.  If UE hardware requirement is imbalance across different numerology sets, there could be hardware waste.  For balanced UE hardware requirement, it is preferred to fix the subframe time length when there are no significant benefits in either latency reduction or system performance.
Table 2. 50% coherent time of different UE mobility for 2/6/39/70GHz

	Carrier Frequency

UE Mobility
	2 GHz
	6 GHz
	39 GHz
	70 GHz

	3 km/hr
	76196 μs
	25399 μs
	3907 μs
	2177 μs

	60 km/hr
	3810 μs
	1270 μs
	195 μs
	109 μs

	120 km/hr
	1905 μs
	635 μs
	98 μs
	54 μs


In [1], it was proposed to consider the numerology sets with subcarrier spacing 15KHz, 60KHz and 240KHz for NR.  According to [2], NR subframe time length should be equal to or smaller than 0.61 ms for eMBB and 0.14 ms for URLLC.  For a unified design for both eMBB and URLLC, 0.125 ms subframe time length is preferred.  However, for there are difficulties to support such subframe time length with 15KHz subcarrier spacing and 0.5ms subframe time length is preferred.  To support URLLC with 15KHz subcarrier spacing, solutions with TTI shorter than a subframe time length can be considered.  Therefore, it is proposed as follows.
Proposal #3: For 15KHz subcarrier spacing, the subframe time length should be 0.5ms to meet eMBB latency requirements.

Proposal #4: For 60KHz and 240KHz subcarrier spacing, the subframe time length should be 0.125ms to meet both eMBB and URLLC latency requirements.
2.4 Subframe Aggregation
In NR, at least per-subframe scheduling should be supported.  However, considering high percentage of low-mobility UEs in the field and increasing large-packet-size applications (e.g. on-demand music/video), it’s beneficial to support subframe aggregation in NR frame structure as well because it can largely reduce the PHY control overhead without impacting the link adaptation.  Figure 2 shows the comparison between per-subframe scheduling and subframe aggregation. 
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Figure 2. Comparison between per-subframe scheduling and subframe aggregation
Proposal #5: Subframe aggregation should be considered in NR frame structure.
3 Conclusion
Proposals are summarized as follows.
Proposal #1: NR radio frame is defined as a fixed time length for all supported numerology sets and LTE radio frame time length should be an integer multiple of NR radio frame time length.
Proposal #2: Four subframe types, i.e. DL-only, UL-only, DL-major and UL-major, are supported in NR frame structure.

Proposal #3: For 15KHz subcarrier spacing, the subframe time length should be 0.5ms to meet eMBB latency requirements.

Proposal #4: For 60KHz and 240KHz subcarrier spacing, the subframe time length should be 0.125ms to meet both eMBB and URLLC latency requirements.

Proposal #5: Subframe aggregation should be considered in NR frame structure.
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