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1. Introduction
At the RAN1#85 meeting, RAN1 made various consensus on NR frame structure, including [1]:
	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 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 present our views on basic NR frame structure.
2. NR frame structure
NR frame structure should be universal for various use-cases and scenarios, e.g., various carrier frequencies, a wide range of bandwidths, beam-formed operation or non-beam-formed operation, TDD or FDD, paired spectrum or unpaired spectrum, full-duplex or half-duplex, stand-alone or non-stand-alone, licensed carrier or unlicensed carrier, backhaul/fronthaul or access link, uplink/downlink or sidelink, etc. For all these operations, the main building blocks for NR frame structure could be data scheduling units, which is called “NR subframe” hereafter. 

2.1. Baseline NR subframe types
The combination of following three types of NR subframe could effectively support the above-mentioned various use-cases and scenarios:
· Bi-directional NR subframe which includes Rx part, guard, and Tx part within a given time duration
· Rx-only NR subframe which includes Rx part only within a given time duration
· Tx-only NR subframe which includes Tx part only within a given time duration
Note that instead of using DL transmission part and UL transmission part as in the RAN1#85 agreement, the terminologies “Rx part” and “Tx part” are used, which are from UE point of view, so that the above NR subframe types are applicable not only to BS-UE link, but also to BS-BS link and to UE-UE link.
By using the above NR subframe types as building blocks, following operations can be realized.
· Semi-static and dynamic FDD using paired and unpaired spectrum.
· Semi-static and dynamic TDD using paired and unpaired spectrum.
· Burst transmission/transmissions within an MCOT on unlicensed spectrum.
Proposal 1:
· At least following NR subframe types are defined for NR:
· Bi-directional NR subframe type which includes Rx part, guard, and Tx part in this order.
· Rx-only NR subframe type which includes Rx part only.
· Tx-only NR subframe type which includes Tx part only.
· The three NR subframe types are constructed by a certain number of consecutive symbols.

2.2. Example NR subframe types for BS-UE link
Assuming BS-UE link, example channelization of the above NR subframe types in time-domain are illustrated in Fig. 1. 
[image: ]
Fig. 1	Example of NR subframe types for BS-UE link.

The above NR subframe types are beneficial to enable following use-cases:
(1) Flexible scheduling/HARQ timing
In case of using bi-directional NR subframe type, flexible HARQ-ACK feedback timing for DL and flexible data transmission timing for UL are enabled. DL control channel, DL/UL data channel, and UL control channel, are included in one NR subframe. Therefore, it is possible to realize HARQ-ACK feedback for the scheduled DL data, or UL data transmission for its scheduling UL grant, within the same NR subframe, or in a following NR subframe. As such, the scheduling/HARQ timing can be UE-specific. 
(2) Flexible/dynamic selection/determination of NR subframe types
The NR subframe type can be selected in a dynamic manner, e.g., per subframe basis. DL control channel in a NR subframe can indicate whether the NR subframe type is bi-directional with DL data or UL data, or is DL-only. In case of no DL control channel is detected, the UE can assume that the NR subframe is UL-only type. UL grant which schedules UL data for UL-only NR subframe type should be sent before the UL-only NR subframe. If no DL control channel is detected and if there is no UL transmission scheduled in the NR subframe, the UE can assume that the NR subframe type is UL-only in which no data is scheduled; in this case the UE can be in-active until the next NR subframe.
(3) Dynamic TDD operation
Thanks to the benefit of (2), dynamic TDD operation can easily be realized. By using bi-directional NR subframe type only, cross-link interference on DL and UL control channels can be avoided in the network, as long as network synchronization offers sufficient alignment of transmission link in the DL/UL control channel parts. This makes interference coordination on control channels to be easier. In case cross-link interference is not critical, dynamic TDD operation using arbitral NR subframe types at each TRP-UE should also be enabled.
(4) FDD operation 
The simplest way of FDD operation is to apply DL-only NR subframe type on downlink spectrum, and UL-only NR subframe type on uplink spectrum. However, it is fundamentally impossible to contain UL grant and its scheduled UL data within the same NR subframe, which would make U-plane latency of FDD operation be worse than TDD operation which can use bi-directional NR subframe type for low latency. In order to achieve the same level of U-plane latency in FDD and TDD operations, bi-directional NR subframe type should also be usable in FDD, in which case DL-part should be mapped on downlink spectrum, while UL-part should be mapped on uplink spectrum. This is also useful to realize half-duplex FDD operation on paired spectrum by the same framework of dynamic TDD operation.
(5) DL burst and UL burst within an MCOT for shared spectrum in which LBT is required
By applying three NR subframe types as {DL-only, bi-directional, UL-only} in this order, the gap period from the end of the DL burst to the beginning of the UL burst can be minimized. This is useful in operations where listen-before-talk (LBT) is required except for burst transmission during maximum channel occupancy time (MCOT).

Variations other than Fig. 1 can be considered, e.g., multiple symbols for DL and/or UL control channels (Fig. 2 (a)), multiple symbols for gap period (Fig. 2 (b)), DL data and UL data within one bi-directional NR subframe (Fig. 2 (c)), etc. Additional impact on channel designs and UE behaviors by these variations should be investigated. It is reasonable to assume that at least for eMBB and URLLC, one NR subframe spans not longer than 1ms.
Proposal 2:
· For BS-UE link, at least following should be supported:
Three NR subframe types illustrated in Fig. 1.
· For each NR subframe, up to one DL data unit or one UL data unit is scheduled by one DCI in DL control channel.
· For eMBB and URLLC, one NR subframe spans not longer than 1ms.
· FFS variations of NR subframe structures, e.g.:
· Multiple symbols for DL and/or UL control channels
· Multiple symbols for gap period
· DL data and UL data within one bi-directional NR subframe
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(a) Multiple symbols for DL and/or UL control channels.
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(b) Multiple symbols for gap period.
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(c) DL data and UL data within one bi-directional NR subframe.
Fig. 2	Variations for basic NR subframe types.

2.3. NR subframe for multiple numerologies
In order to cover various use-cases/scenarios, NR will support multiple numerologies. For this, two different dimensioning should be applicable.
(1) Scaling subcarrier-spacing (Fig. 3)
Wider subcarrier-spacing is necessary in NR at least for the purpose of supporting higher carrier frequencies such as mmwave [2]. Scaling factor of 2n with the baseline subcarrier-spacing of 15kHz is the working assumption made at the RAN1#85 meeting. The NR subframe types should be defined for the other values of subcarrier-spacing.
It is highly desirable to maximize commonality of NR frame structure for different subcarrier-spacing, so that additional specification effort and implementation work load can be minimized. This could also lead to avoid market fragmentation, which may be caused if there are a lot of differences in NR channel designs for different numerologies. Having said that, the NR subframe types discussed in Section 2.1 (and 2.2) should simply be applicable to the other subcarrier-spacing values.
Figure 3 illustrates an example of relationship between subcarrier-spacing of f0 and 2f0, assuming bi-directional NR subframe types. 2 times wider subcarrier-spacing results in half-length of symbol duration, resulting in half length of NR subframe assuming the same number of symbols per NR subframe. Note that the number of subcarriers per PRB in frequency-domain should also be common, so that PRB definition/grid is common for various cases with different subcarrier-spacing values. By keeping the same number of subcarriers per PRB, the transport block size can be common for each NR subframe type with different subcarrier-spacing values.
[image: ]
Fig. 3	Scaling subcarrier-spacing.

It should also be noted that RS structure may not be able to be scaled simply with scaled subcarrier-spacing, since the RS mapping pattern in time- and/or frequency-domain is one of the most significant factors which impacts the robustness to mobility and/or frequency-selectivity. Details regarding RS structure for the scaled numerologies are discussed in our companion paper [3].

(2) Scaling the number of symbols per NR subframe (Fig. 4)
It should also be possible to scale the number of symbols per NR subframe (Fig. 4). The main benefit is to make a room for network to choose prioritization between efficiency and latency. With a smaller number of symbols per NR subframe, shorter latency is achievable, while overhead due to frequent UL-DL switching would become high. With a larger number of symbols per NR subframe, efficiency is improved due to overhead reduction, while U-plane latency will be higher. 
[image: ]
Fig. 4	Scaling the number of symbols per NR subframe.

Another benefit is to enable mixed numerologies on one carrier simply. One example is illustrated in Fig. 5. It is possible to multiplex subcarrier-spacing f0 with 7 symbols per NR subframe, 2f0 with 14 symbols per NR subframe, and 4f0 with 28 symbols per NR subframe. For wider subcarrier-spacing in the mixed numerology operation, instead of applying larger number of symbols per NR subframe, it is also possible to keep the number of symbols per NR subframe small, e.g., 7, and scheduling {DL-only + bi-directional} or {bi-directional + UL-only} with this order. 
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(a) DL case
[image: ]
(b) UL case
Fig. 5	FDM among different numerologies on one carrier.

Proposal 3:
· For BS-UE link, at least following should be supported:
· NR subframe types common for different subcarrier-spacing.
· NR subframe types having different number of symbols for a given subcarrier-spacing.

3. Conclusion
In this contribution, we discussed NR frame structure with mainly focusing on subframe types, and proposed following:
Proposal 1:
· At least following NR subframe types are defined for NR:
· Bi-directional NR subframe type which includes Rx part, guard, and Tx part in this order.
· Rx-only NR subframe type which includes Rx part only.
· Tx-only NR subframe type which includes Tx part only.
· The three NR subframe types are constructed by a certain number of consecutive symbols.
Proposal 2:
· For BS-UE link, at least following should be supported:
Three NR subframe types illustrated in Fig. 1.
· For each NR subframe, up to one DL data unit or one UL data unit is scheduled by one DCI in DL control channel.
· For eMBB and URLLC, one NR subframe spans not longer than 1ms.
· FFS variations of NR subframe structures, e.g.:
· Multiple symbols for DL and/or UL control channels
· Multiple symbols for gap period
· DL data and UL data within one bi-directional NR subframe
Proposal 3:
· For BS-UE link, at least following should be supported:
· NR subframe types common for different subcarrier-spacing.
· NR subframe types having different number of symbols for a given subcarrier-spacing.
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