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1 Introduction

In the RAN#71 meeting, a new SI [1] on 5G new radio access technology was approved. One of its objectives is investigating basic frame structure(s) for the 5G new radio access technology (RAT). The 5G new RAT supports operation in both paired and unpaired licensed bands and unlicensed bands [1].  
In [2], we have considered the different aspects of a flexible air interface that comprises of properties such as flexible frame structure, self-contained air interface design and flexible bandwidth usage. The different numerologies are analyzed in [3].  In this contribution, we cover the different requirements for a new frame structure. Flexible frame structure with scalable numerologies is discussed to meet all diverse requirements, and then co-existence of flexible frame structure is discussed to better support the diverse requirements in a most flexible way. Frame structure for licensed bands and unlicensed bands are also discussed.
2 Requirements 

The wide range of diverse application scenarios in 5G involve diverse traffic characteristics, QoS requirements, packet sizes, deployment scenarios from rural to ultra dense networks, and diverse types of transmit and receive points with different capabilities.
TR 38.913 [4] section 10.2 requires “support for wide range of services, which means the system shall be inherently flexible enough to meet the connectivity requirements of a range of existing and future (as yet unknown) services to be deployable on a single continuous block of spectrum in an efficient manner.”

The 5G new RAT aims to meet a broad range of use cases including enhanced mobile broadband (eMBB), massive machine type communications (mMTC), ultra-reliable and low latency communications (URLLC), and supplementary-service like multimedia broadcast multicast service (MBMS) and positioning service. A broad range of deployment scenarios need to be supported for the broad range of use cases, including indoor hotspot, dense urban, rural, urban macro and high speed. Further, the 5G system should be able to support across all spectrum bands and types at least up to 100 GHz. Besides, we can foresee that diverse device capabilities exist, especially in the case of larger bandwidth scenario where UE can only access part of bandwidth. A proper frame structure is fundamental for achieving the ambitious targets. As shown in Fig.1, the 5G frame structure should be designed to provide sufficient flexibility for diverse use cases, deployments, spectrums and device capabilities.   
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Fig. 1. Diverse requirements for 5G frame structure.
Proposal 1: The new radio frame structure should be designed to provide the sufficient flexibility for diverse use cases, deployments, spectrums and device capabilities.
3 Discussion

3.1 Flexible frame structure 

As described in [3], flexible numerologies should be supported for diverse use cases, deployments, spectrums and device capabilities. 5G frame structures should support flexible numerologies to provide sufficient flexibility for diverse use cases, deployments, spectrums and device capabilities. That is, 5G frame structure should support flexibility on parameters like subcarrier spacing, cyclic prefix length, TTI length, subframe duration and number of OFDM symbols in a subframe. More specifically,
· The sub-carrier spacing varies with the frequency of the spectrum and/or the maximum UE speed to minimize the impact of Doppler shift and phase noise.
· The CP length may vary with deployments like outdoor or indoor due to different delay spread requirements, may vary with spectrums like low or high frequency bands, may vary with services like broadcast or unicast, and may depend on whether beam forming techniques are used. 
· TTI length can be flexible with service types, and can be flexible for downlink, uplink and sidelink. For example, TTI length can vary with the latency requirement of the service. TTI length can be set independently for downlink and uplink, for the alignment of coverage and/or different traffic requirements in downlink and uplink. 
· For TDD, downlink-to-uplink switch-point is needed, thus flexible frame structure for TDD should also support flexible guard period (GP) configuration for different requirements, including relays.

Therefore, flexible frame structure with flexible numerologies should be supported in 5G. An example of flexible frame structure with different numerologies is illustrated in Fig.2. In addition, this flexibility should apply to relay operations and to sidelink operations, including D2D and V2X.
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Fig. 2. An example of flexible frame structure with different numerology configurations
Proposal 2: The new radio frame structure should be designed to support flexible frame structure with flexible numerologies.

· Support being configurable to different sets of numerologies (subcarrier spacing, cyclic prefix length, number of symbols per TTI or per subframe).
· Support flexible configuration of guard periods when time-division duplexing is used, where the duration and position (in a subframe and/or in a radio frame) of the guard periods is configurable.
3.2 Co-existence of flexible frame structure 
5G frame structure should be designed with the sufficient flexibility to better support diverse requirements in a most efficient way. As described in [2], different numerologies on a single continuous block of spectrum can be configured to enable flexible resource multiplexing between air interfaces in 5G. A single unified air interface framework with multiple numerologies easily allows the coexistence of 5G RAT and LTE in a single continuous block of spectrum and also offers the forward compatibility for further enhancements (e.g. new vertical applications). Therefore, co-existence of different frame structures on a single continuous block of spectrum should be supported. 
Co-existence of flexible frame structure can be supported with the introduction of f-OFDM, as discussed in the companion contribution [5], f-OFDM can mitigate inter-subband interference if different numerologies are used between subbands. An example is shown in Fig.3, where there are several frame structure configurations for diverse service requirements, such as eMBB unicast with normal CP, MBMS service with extended CP and mMTC with the smaller subcarrier spacing of 3.75 kHz (e.g. taking NB-IoT numerology as an option). 

[image: image3.emf]t

f

eMBB (15kHz)

MBMS (15kHz)

mMTC (3.75kHz)

…

…

…

f

-

OFDM

Normal CP

Extended CP


Fig. 3. Example of co-existence of flexible frame structure for FDD.
In addition, for TDD, to avoid the downlink and uplink interference and enable the coexistence of flexible frame structures with different configurations, two potential solutions including aligning GP position and puncturing interfered symbols can be further considered. An example for co-existence of flexible frame structure for TDD with aligned GP position is shown in Fig.4 (detailed subframe types and the functionality of short UL transmission can refer to section 3.3.1).
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Fig. 4. Example of co-existence of flexible frame structure for TDD.

Different frame structures can co-exist on a single continuous block of spectrum for support of various services and deployments scenarios. Such a flexible framework would impact on the cell search and random access procedures. In order to reduce the overhead of common control signaling and simplify the TRP/UE implementation, one alternative is to configure a default frame structure with the predefined subcarrier spacing, CP length and subframe duration for facilitating the UE access procedures. Thus some UEs may only support one default frame structure for one or more candidate frequency bands. On the other hand, it can be foreseen that allowing UEs to obtain synchronization and access the network from different carrier partitions is also necessary. For example, some low-capability MTC UEs may only have interest in their own service and it may be efficient to support one kind of particular numerologies. Self-contained design including the particular cell search and random access procedures would facilitate this kind of access flexibility and it is really desirable for future proof design. 
Proposal 3: The new radio should be designed to support the co-existence of frame structures configured with different numerologies on a single continuous block of spectrum. Filtered OFDM (f-OFDM) is one candidate technique to achieve such co-existence.

3.3 5G Frame structure design

As described in [1], 5G frame structure should be able to support operation in all spectrum bands including licensed bands (paired and unpaired) and unlicensed bands. Furthermore, it can be expected that the new available large spectrum block for 5G is from relative high frequency band (e.g. above 3GHz) and most of the available spectrums are unpaired. TDD is promising for spectrum in such high frequency band due to no requirement for paired frequency band, and for the possibility to exploit channel reciprocity for MIMO and for cost-effectiveness. In this section, the frame structures for licensed spectrum and unlicensed spectrum will be discussed.
3.3.1 Frame structure for licensed spectrum
The new radio frame structure for licensed unpaired bands using time-division duplexing can be composed of subframes including new subframe types, where one subframe includes transmission of UL/DL scheduling information, transmission of data on the downlink, reception of data on uplink, reception of sounding reference signals, and reception of acknowledgement and other uplink control information.
Two new subframe types as shown in Fig.5 can be considered. Subframe type 1 is a DL-dominant subframe with a configurable short UL part for fast uplink control information transmission and/or possible fast data transmission opportunity for low latency service. Fast SRS can be transmitted in the short UL part. Subframe type 2 is a UL-dominant subframe with a configurable short DL part for downlink control and/or possible fast data transmission opportunity for low latency service. Besides two new subframe types, the full downlink subframe and full uplink subframe should be supported. The duration and position (in a subframe and/or in a radio frame) of the GP can be configurable to balance overhead and transmission flexibility. 
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Fig. 5. New subframe types for licensed unpaired bands.
For licensed paired bands using frequency division duplexing, the new radio frame structure can typically be composed of subframes including full downlink subframe and full uplink subframe as shown in Fig.6-a. For licensed paired bands using flexible duplexing (e.g. where low power small cells are allowed to transmit in the uplink portion of the band), the frame structure as shown in Fig. 6-b can be considered.     
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Fig. 6. Frame structure for paired spectrum.
Reference signals and control channels for paired bands and unpaired bands would have a unified design as much as possible. Reference signals for the functionalities of synchronization and measurements should have a minimum design to support the interference reduction and energy efficiency. Reference signals at least for demodulation can only be transmitted together with the associated control/data transmissions. On the other hand, as described in [1], to ensure forward compatibility, the new radio should be designed such that physical signals, physical channels and signaling mechanisms are self-contained within a time/frequency partition configured for a particular service/usage scenario. Therefore, the basic frame structure as shown in Fig.5 should support this kind of self-contained design for forward compatibility. 
Flexible HARQ timing can be considered for difference services, which may be configured in a semi-static or dynamic way. For example, for low latency service or small packet transmission, HARQ RTT can be very short. But for non-critical eMBB service or large packet transmission, more processing time is needed and accordingly HARQ RTT is longer. For a certain service, unified HARQ timing could be designed for paired bands and unpaired bands.  
To enable the flexible UL/DL traffic requirements, different UL/DL bandwidth sizes can be considered for paired bands using FDD and different UL/DL configurations can be considered for unpaired bands using TDD. In addition, downlink-only TDD configuration was agreed to be introduced in 5G at the RAN# 70 RAN plenary meeting, in order to support the further UL/DL configuration flexibility, the downlink-only configuration can be considered especially combined with DL-dominant subframe (subframe type 1) which contains a short UL part for UL acknowledgement and sounding. 
Proposal 4: Two new subframe types including DL-dominant subframe and UL-dominant subframe  can be supported for the new radio.
· DL-dominant subframe: mainly for downlink transmission but also includes a configurable short UL part for uplink control information and SRS. Fast data transmission opportunity for low latency service in the short UL part can be considered. 

· UL-dominant subframe: mainly for uplink transmission but also includes a configurable short DL part for downlink control information. Fast data transmission opportunity for low latency service in the short DL part can be considered.
Proposal 5: Reference signals and control channels for paired bands and unpaired bands would have a unified design as much as possible.
· Reference signals for the functionalities of synchronization and measurements should have a minimum design to support the interference reduction and energy efficiency. 

· Reference signal at least for demodulation is only transmitted together with the associated control/data transmissions.
3.3.2  Frame structure for unlicensed spectrum
5G new RAT should support operation in unlicensed spectrum, at least including licensed assisted operations in unlicensed bands [1]. A unified air interface framework should be designed for both licensed spectrum and unlicensed spectrum, for better joint operation of licensed bands and unlicensed bands. 
For example, the subframe types (including potential changes) as shown in Fig.5 can be considered as one of the candidates for the transmission on unlicensed spectrum with additional Listen-before-talk (LBT) procedure. The length of the configurable part in the subframes as shown in Fig.5 can be flexible, which can depend on factors like whether continuous transmission is needed during the maximum transmission duration, whether control is needed to be transmitted, and/or whether SRS is needed to be transmitted. For example, if continuous transmission is needed, then the number of symbols for the configurable part is “0” in all subframes except for the subframe in which the downlink transmission for data ends or the subframe in which the uplink transmission for data starts. 
4 Conclusion

In this contribution, we have discussed the requirements for the 5G frame structure design. A flexible frame structure with scalable numerologies that satisfies the diverse requirements in addition to fulfilling the co-existence needs has been presented. We have also considered the frame structure in the context of both license spectrum and unlicensed spectrum. 
Based on the discussion, we have the following proposals:

Proposal 1: The new radio frame structure should be designed to provide the sufficient flexibility for diverse use cases, deployments, spectrums and device capabilities.

Proposal 2: The new radio frame structure should be designed to support flexible frame structure with flexible numerologies.

· Support being configurable to different sets of numerologies (subcarrier spacing, symbol duration, cyclic prefix length, number of symbols per TTI or per subframe.
· Support flexible configuration of guard periods when time-division duplexing is used, where the duration and position (in a subframe and/or in a radio frame) of the guard periods is configurable.
Proposal 3: The new radio should be designed to support the coexistence of frame structures configured with different numerologies on a single continuous block of spectrum. Filtered OFDM (f-OFDM) is one candidate technique to achieve such co-existence.
Proposal 4: Two new subframe types including DL-dominant subframe and UL-dominant subframe  can be supported for the new radio.
· DL-dominant subframe: mainly for downlink transmission but also includes a configurable short UL part for uplink control information and SRS. Fast data transmission opportunity for low latency service in the short UL part can be considered.
· UL-dominant subframe: mainly for uplink transmission but also includes a configurable short DL part for downlink control information. Fast data transmission opportunity for low latency service in the short DL part can be considered.

Proposal 5: Reference signals and control channels for paired bands and unpaired bands would have a unified design as much as possible.
· Reference signals for the functionalities of synchronization and measurements should have a minimum design to support the interference reduction and energy efficiency. 

· Reference signal at least for demodulation is only transmitted together with the associated control/data transmissions.
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