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1
Introduction
An objective of the 5G study item [1] it to identify and develop technology components needed for new radio (NR) systems being able to use any spectrum band ranging at least up to 100 GHz. The goal is to achieve a single technical framework addressing all usage scenarios, requirements and deployment scenarios defined in TR38.913 [2]. The new RAT shall be inherently forward compatible to allow specification in two separate phases (Phase I and Phase II). The study item contains also some technical features for the NR system to meet these objectives. Those include:

· Tight interworking between the new RAT and LTE 

· Interworking with non-3GPP systems

· Operation in licensed bands (paired and unpaired), and licensed assisted operations in unlicensed bands.
· Stand-alone operation in licensed bands.
The new RAT should support also wireless relay functionality.
According to the SID, one of the focus areas for the initial work relates to defining fundamental physical layer signal structure for new RAT. The key topics in this area include waveform, frame structure(s) and channel coding scheme(s). 
In this contribution we focus on the frame structure design for the new RAT based on the assumption that the waveform is OFDM-based. In companion contributions we are covering scalable numerology [3] and support for beam based common control plane [4].
2
Requirements for flexible 5G new radio frame structure
The new radio study item [1] and TR38.913 [2] describe different scenarios for next generation access technologies. Many of them have a connection to the 5G new radio frame structure design, as discussed in Table 1.

Table 1. Scenarios impacting 5G new radio frame structure.
	Scenario
	Requirements set for 5G new radio frame structure

	Support for different usage scenarios including
· Enhanced mobile broadband

· Massive machine-type-communications

· Ultra reliable and low latency communications
	· Scalable frame structure and numerology according to usage  scenario
· Support for MTC devices that operate on a narrow bandwidth

· Optional: UE-specific numerology [5]



	Different deployment scenarios: 


· Indoor hotspot

· Dense Urban 

· Rural

· Urban Macro

· High speed

	· Scalable frame structure and numerology according to environment and deployment scenario



	Forward compatibility
	· Support for a lean carrier design with a minimum extent of mandatory common channel transmission from the eNBs for time periods where there is no scheduled data. 

	Tight interworking between the new RAN and LTE
	· Compatibility between the 5G new radio frame structure and LTE frame structure (covering both FDD and TDD)

	Support for carrier frequencies up-to 100 GHz
	· Scalable numerology e.g. in terms of carrier bandwidth and subcarrier spacing w.r.t. carrier frequency

· Scalable subframe length

	Support for unlicensed band operation
	· Support for Listen Before Talk (LBT) and other regulatory rules involved in unlicensed band operation

· Support for flexible Downlink and Uplink Transmission burst length 

· Support for very flexible control plane

	Support for wireless relay
	· Relay specific KPIs, e.g. support for dynamic capacity allocation between access link and backhaul link

· Inbuilt support for various Relay scenarios 

	Support for Massive MIMO
	· Support for different transceiver architectures for eNB and UE

· Support for beam based common control plane

· Support for RF beam switching within a subframe. 


In addition to different scenarios, TR38.913 [2] describes the key performance indicators (KPI) for the next generation access technologies. Many of them have a direct connection to the 5G new radio frame structure design. Table 2 summarizes the most important KPIs from the 5G new radio frame structure point of view. 
Table 2. Key performance indicators impacting 5G new radio frame structure.
	Key Performance Indicator
	Definition [2]
	Requirements set for 5G new radio frame structure

	Peak data rate

Peak spectral efficiency
	Obtained when all assignable radio resources for the corresponding link direction are utilized
	· Support for fully flexible radio resource allocation between DL and UL
· Support for scalable numerology to minimize overhead and to maximize peak data rate / spectral efficiency in different scenarios


	Control plane latency
	The time to move from a battery efficient state (e.g., IDLE) to start of continuous data transfer (e.g., ACTIVE). The target for control plane latency should be [10ms].
	· Support short subframe length(s)



	User plane latency
	The time it takes to successfully deliver an application layer packet/message from the radio protocol layer 2/3 SDU ingress point to the radio protocol layer 2/3 SDU egress point via the radio interface. 
	· Support short subframe length(s)

· Support for fast L1 control signalling. This requires specific consideration especially in the case of TDD based on half-duplex technology.

	Cell/Transmission Point/TRP spectral efficiency
	TRP spectral efficiency is defined as the aggregate throughput of all users divided by the channel bandwidth divided by the number of TRPs.
	· Support for (fast) inter-cell coordination of the radio resource usage, covering both FDD and TDD

· Support for time synchronization between cells 

· Support for interference mitigation between cells

	Coverage
	Maximum coupling loss in UL and DL between UE and base station for a data rate of 160 bps.
	· Support for smooth coverage extension.

· Support for asymmetric configurations between DL and UL (TDD)

	Network energy efficiency
	The capability to minimize the RAN energy consumption while providing a much better area traffic capacity.
	· Support for a lean carrier design with a minimum extent of mandatory common channel transmission from the eNBs for time periods where there is no scheduled data. 


Based on the 5G new radio scenarios and KPIs, there is a need for a common framework to cover all relevant 5G new radio use cases and scenarios. It’s obvious that a single solution does not fit to all scenarios. Instead, there has to be inbuilt support for scalability in the new radio Frame Structure.
Observation #1: Frame structure needs be scalable enough in order to support all relevant 5G new radio scenarios and use cases. 
 3
Building blocks for flexible 5G new radio frame structure
In LTE, downlink, uplink and sidelink transmission are organized into radio frames. A radio frame with 10 ms duration, consisting of 10 subframes (or 20 slots), is a common building block for each of the supported frame structure types (1, 2, 3). In order to ensure tight interworking between the new RAN and LTE, it makes sense to define similar radio frame also for 5G new radio. It should consist of an integer multiple of subframes with a predefined length. The number of subframes within a new radio frame varies according to scenario.
Proposal #1: 5G new radio transmissions are organized into radio frames with 10 ms duration. A radio frame consists of an integer multiple of subframes with a predefined length.

A generic 5G new radio frame structure can be built on configurable subframe types as building blocks as shown in Figure 1. It can be designed for a wide range of scenarios based on the requirements discussed in Section 2. Details related to scalable numerology, including determination of various parameters such as subcarrier spacing, GP/CP length and subframe length is provided in a separate contribution [3], however, in our view the number of symbols in subframe is dependent on used symbol length.   
There are three subframe types shown in Figure 1 that provide the basic support for both FDD and TDD. For the bi-directional subframes, there is either downlink data or uplink data transmission in each subframe, as well as the corresponding downlink and uplink control. They facilitate many crucial TDD functionalities in the 5G frame structure, such as
· Link direction switching between DL and UL

· Fully flexible traffic adaptation between UL and DL
· Opportunity for low latency, provided that subframe length is selected to be short enough. As discussed in [3], subframe length around 0.1ms-0.2ms allows to meet 5G latency requirements.
In all subframes, multiplexing between DL control, DL/UL data, GP and UL control is based on time division multiplexing allowing fast energy efficient pipeline processing of control and data in the receiver (exact multiplexing details are FFS). In order to support different scenarios, and taking into account also scalable numerology, the size of different portions needs to be scalable. 
In addition to bi-directional subframes, there are also DL subframe and UL subframe. Obviously, these are needed at least in FDD mode, but also in certain TDD scenarios to allow longer transmission periods in same direction. In order to support smooth coverage extension for an UE, it should be possible to extend the transmission of data and control channels over multiple subframes. 
Observation #2: Three basic subframe types are sufficient for providing basic 5G new radio functionality in both FDD and TDD.  
Proposal #2: Maximize the commonality between FDD and TDD when defining subframe types for 5G new radio.
Proposal #3: 5G new radio need to support fully flexible traffic adaptation between UL and DL. 
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Figure 1. Basic subframe types. 
Interference limited scenarios require specific consideration especially in TDD. Subframe types shown in Figure 1 enable localization between control and data portions of the subframe in both frequency and time. In addition, symmetric DL/UL design, i.e., having similar waveform as well as similar control/data/RS structure for both DL and UL, can provide opportunities for improved interference mitigation covering not only co-channel interference but also cross-link interference. It can also enable straightforward extension of the subframe structure into different D2D/relay scenarios.

Observation #3: Symmetric DL/UL design can provide opportunities for improved interference mitigation.  
LTE TDD operation is based on TDD UL-DL configurations with semi-statically configured DL/UL split. It is noted that when operating according to proposed subframe types in the 5G new radio scenarios, there is no need for such predetermined TDD UL-DL configurations (similarly as in LTE TDD): 
· eNB may dynamically select subframe type among predetermined subframe types for each subframe. This enables creation of different TDD configurations to accommodate different use cases in dynamic manner.
· UE may determine the subframe type from Downlink Control Information.

· Obviously L1 control signaling needs to be flexible enough to support operation without predetermined TDD UL-DL configurations.
Although the 5G new radio does not require semi-static TDD UL-DL configurations, periodical signals for downlink synchronization, cell discovery, RRM measurements, and in general for common control signalling comprising broadcast channel, paging in downlink and random access channel in uplink need to defined. Obviously, these channels/signals will set some constraints on flexibility for eNB to freely select the subframe type at each time instant. On the other hand, they can be seen also as enabler for 5G new radio to support a lean carrier design with a minimum extent of mandatory common channel transmission from the eNBs for time periods where there is no scheduled data. 

Observation #4: 5G new radio TDD operation does not require definition of predetermined TDD UL-DL configurations.
3.1
Unlicensed band scenario

As stated in the study item [1], the frame structure needs to support also unlicensed band operation. In this scenario, frequent switching would result in unnecessary overhead and also allow for other contending nodes a chance of occupying the channel. Hence, there is a need for fully flexible operation, which can be achieved by means of the three basic subframe types introduced in previous section and shown operating in unlicensed band scenario in Figure 2. The example shows a scenario for flexible DL/UL cycle consisting of DL Tx burst, a GP and an UL Tx burst. 
· DL Tx burst consists of one or more normal DL only subframes and DL portion of the bi-directional subframe (optional).  
· UL Tx burst consists of one or more UL subframes and UL portion of the bi-directional subframe (optional).

It should be noted that Figure 2 shows just an example of 5G unlicensed band operation. In other scenarios, a DL burst may also be followed e.g. by another DL burst, and correspondingly there may be multiple consecutive UL bursts as well, and the gap between the DL burst and the UL burst could also be longer (e.g. more than one subframe). 
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Figure 2. Flexible DL/UL cycle for 5G unlicensed band scenario.
Observation #5: Three basic subframe types can facilitate also 5G new radio unlicensed band operation. 
3.2
Support for RF beamforming
Operating using analog/hybrid architectures require typically sweeping/scanning operation for the signals that needs to be reachable periodically throughout the cell. Such sweeping applies for synchronization signals, and in general for common control signalling comprising broadcast channel, paging in downlink and random access channel in uplink.

In order to isolate the impact of sweeping/scanning operation in the 5G new radio frame structure and to facilitate opportunities for UE power saving, it makes sense to concentrate sweeping common control plane functionality into specific subframes, called as sweeping subframes. 
· Separate sweeping subframes are needed for both DL and UL

· Sweeping subframe consists of a plurality of sweeping blocks having an opportunity for RF beam switching within each sweeping block.

Details related to Massive MIMO operation including sweeping subframe operation are given in a separate contribution [4].
Proposal #4: Sweeping subframes needs to be defined in order to support beam based common control plane. 
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Figure 3. Principle of sweeping subframe.
3.3
Wireless relay scenario

As discussed in the new radio study item, the new RAT should support also wireless relay functionality. Figure 4 shows an exemplary wireless relay scenario, namely TDD inband relay, where the Backhaul link shares the same carrier frequency with Access link. In this scenario, Access link and Backhaul link need to be time division multiplexed in a single carrier frequency [6].  
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Figure 4. Example of wireless relay scenario.
Generally speaking, wireless relay operation contains specific requirements for the frame structure design:

· Latency as such is a bottleneck with relaying.
· There is a need to support dynamic and fully flexible radio resource allocation between Backhaul and Access link, as well as between UL and DL.
· There are many different scenarios to consider (D2D, Mesh, multihop, etc.)
In order to support low latency operation also in the scenarios involving wireless relays, partitioning of the access link resources and backhaul link resources need to be supported not only between subframes but also within subframe. This requires that subframe structure is flexible enough, to support also various backhaul scenarios. 
Observation #6: Wireless relay scenarios need to be taken into account in the subframe design.
4
Conclusions
In this contribution we have discussed the frame structure design for the new RAT based on the assumption that waveform in based on OFDM. Based on the discussion, we make the following observations and proposals:

Observation #1: Frame structure needs be scalable enough in order to support all relevant 5G new radio use cases and scenarios.  

Observation #2: Three basic subframe types are sufficient for providing basic 5G new radio functionality in both FDD and TDD.  

Observation #3: 5G new radio TDD operation does not require definition of predetermined TDD UL-DL configurations.
Observation #4: Symmetric DL/UL design can provide opportunities for improved interference mitigation.  
Observation #5: Three basic subframe types can facilitate also 5G new radio unlicensed band operation. 
Observation #6: Wireless relay scenarios need to be taken into account in the subframe design.
Proposal #1: 5G new radio transmissions are organized into radio frames with 10 ms duration. A radio frame consists of an integer multiple of subframes with a predefined length.

Proposal #2: Maximize the commonality between FDD and TDD when defining subframe types for 5G new radio.
Proposal #3: 5G new radio need to support fully flexible traffic adaptation between UL and DL. 

Proposal #4: Sweeping subframes needs to be defined in order to support beam based common control plane. 
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