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1	Introduction
An objective of the 5G study item [1] is 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]. 
It was agreed in the previous RAN WG1 meeting (TSGR1 84bis), that New Radio study frame structure(s) need to support at least: FDD duplex, TDD duplex, DL/UL/Sidelink transmission, Access/backhaul links, Standalone and Non standalone operation in unlicensed band as well as licensed-assisted operation in unlicensed band. It was also agreed to study flexible/dynamic TDD, including both downlink and uplink transmissions in the same subframe interval. Based on the discussion in TSGR1 84bis, an email discussion [84b-15] with the following questions was set up:
Q1	Is it needed to define a subframe and subframe types for facilitating further discussion?
•	If yes, is it needed to have different types for paired and unpaired spectrum?
•	If yes, how should subframe be defined? How should subframe types should be defined?
Q2	Should there be a notion of a time-interval which contains data and the RS used to demodulate the data?
•	If you answered yes to Q1 (i.e., need a subframe definition/term), should this said time-interval equal one subframe? And should every subframe contain RS needed for demodulation?
•	Should this time-interval additionally contain the assignment for data transmission?
•	Should this time-interval additionally contain the acknowledgement for data transmission?
•	Are there any differences for this time interval when considering uplink, downlink, and sidelink?
(E.g., should uplink contain acknowledgement of data reception)?

Q3	How should this time-interval be scalable in duration? 
•	Please list a set (or range) of lengths that should be considered, along with intended use case. If you answered yes to Q1, you may indicate in terms of subframe lengths.

Q4	Are there any other considerations you would like to add? 
In this contribution we focus on these questions and the frame structure design for the new RAT based on the assumption that the waveform is OFDM-based. In companion contributions we provide details related to scalable numerology [3], lean carrier desing [4], support for beam based common control plane [5], support for unlicensed band operation [6] and support for wireless relaying [7]. 
   
2	Flexible frame structure
In the following we consider the key elements of the proposed New Radio (NR) frame structure.

2.1	Radio Frame for NR
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 New Radio operation. It consists of an integer multiple of subframes with a predefined number of OFDMA symbols. The number of subframes within a new radio frame may vary according to the scenario, e.g. based on the sub-carrier spacing. 

Proposal #1: NR transmissions are organized into radio frames with 10 ms duration. A radio frame consists of an integer multiple of subframes with a predefined number of OFDMA symbols.


2.2	Subframe types 
A generic NR radio frame can be built on configurable subframe types as building blocks as shown in Figure 1. A subframe can be designed for a wide range of scenarios based on the requirements. Details related to scalable numerology, including determination of various parameters such as sub-carrier spacing, GP/CP length and subframe length is provided in a separate contribution [3]. 

There are three subframe types shown in Figure 1 that provide the basic support for both TDD and FDD. 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. Bi-directional subframe facilitates many crucial TDD functionalities in the NR frame structure, such as
· Link direction switching between DL and UL
· Fully flexible traffic adaptation between DL and UL
· 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 the NR 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 in Figure 1. 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. 
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Figure 1. Basic subframe types. 


Proposal #2: Three subframe types are needed for providing the basic NR functionality 
· DL only subframe
· UL only subframe
· Bi-directional subframe.

Proposal #3: The size of different portions of the subframe (DL control, DL/UL data, GP, UL control) need to be scalable.


2.3	Subframe design
Subframe is a time interval, which defines many critical properties the system. Those include e.g. 
· Maximum DL-UL switching periodicity 
· UL/DL control channel periodicity 
· GP/Control channel/RS periodicity (and overhead)
· Achievable latency performance (at least partial).

OFDMA symbol length varies according to numerology (sub-carrier spacing). However, in order to maximize opportunities for flexible allocation of different subframe types, it is preferable to have a common subframe length, in terms of OFDMA symbols, for all subframe types. This applies to subframe types within a sub-carrier spacing value. Following this principle, a subframe consists of M consecutive OFDMA symbols, where M is fixed for a given sub-carrier spacing. Good design options for parameter M include:
· M = 7
· M =14.

Having configurable subframe length, in terms of number of OFDMA symbols, allows to trade off latency performance with GP/Control channel/RS overhead, according to the scenario of interest. For example when operating at low carrier frequencies with 15 kHz sub-carrier spacing, it may be a good option to select M=7. On the other hand, when operating according to higher sub-carrier spacing, e.g. with 120 kHz, it may be better operate with M=14. 


Proposal #4: Subframe length, in terms of OFDMA symbols, is common for all subframe types within a sub-carrier spacing value. At least the following options need to be supported:  
· M = 7
· M =14.

Figure 2 shows an example of bi-directional subframe (DL), with M=14. One OFDMA symbol has been allocated to DL control, UL control as well as GP, and 11 symbols have been allocated to DL data, respectively. A scheduling unit corresponds to the data part of the subframe and there can be up-to two transport blocks per UE/subframe depending on the number of spatial layers. Different TTI lengths can be achieved by extending the transmission over multiple subframes. Hence, TTI length is an integer multiple of the subframe length.
Each subframe should have an opportunity for conveying reference signal for demodulating DL or UL data. For data part, it should be possible to use different RS strategies, such as front loaded RS where RS is located at the beginning of data part to allow fast energy efficient pipeline processing as shown in Figure 2. Additionally, control portion(s) of the subframe should contain separate RSs for demodulating DL and/or UL control signals.
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Figure 2. Example: Bi-directional DL subframe with front-loaded RS, M=14.

Proposal #5: Subframe contains an opportunity for conveying
· Reference signal used for demodulating DL or UL data and
· Separate reference signal(s) for demodulating DL and/or UL control signals. 


2.4	On the need for Predefined UL-DL configurations
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 new radio scenarios, there is no need for such predetermined TDD UL-DL configurations (similarly as in LTE TDD): 
· [bookmark: _GoBack]basestation 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 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 new radio to support a design with a minimum extent of mandatory common channel transmission from the eNBs for time periods where there is no scheduled data as discussed in [4]. 

Observation #1: New radio TDD operation does not require definition of predetermined TDD UL-DL configurations.

2.5	HARQ and scheduling timing
As discussed, L1 control signaling needs to be flexible enough to support operation without predetermined TDD UL-DL configurations. This is due to the fact that different subframes types have different capabilities w.r.t. control signalling:
· DL subframe and bi-directional subframe have an opportunity for conveying the assignment for data transmission
· UL subframe and bi-directional subframe have an opportunity for conveying the acknowledgement for data transmission.

Another issue is that different services and/or UEs may have different requirements and capabilities in terms of Rx/Tx processing time. Generally speaking, the UE processing requirements can be expressed by three parameters: 
· Delay between DL grant and PDSCH reception, denoted as kPDSCH. Example in Figure 3a shows a scenario where kPDSCH=0 (subframes).
· Delay between PDSCH reception in DL and HARQ-ACK transmission in UL, denoted as kHARQ-ACK. Example in Figure 3b shows a scenario where kHARQ-ACK  (subframes).
· Delay between UL grant reception in DL and PUSCH transmission in UL, denoted as kPUSCH. Example in Figure 3c shows a scenario where kPUSCH =1 (subframes).
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	a) Delay between DL grant and PDSCH reception
	b) Delay between PDSCH reception and HARQ-ACK transmission
	c) Delay between UL grant reception and PUSCH transmission
	


Figure 3. Processing times (for simplicity GP is ignored here).
In order to provide sufficient flexibility for NR operation, the UE processing times need to be flexible. On the other hand, minimum values for parameters kPDSCH, kHARQ-ACK and kPUSCH need to be defined. We think that at least the following options need to be supported.
· DL assignment and DL data are conveyed in the same subframe ( kPDSCH ≥ 0)
· DL data and acknowledgement for DL data transmission are conveyed in different subframes ( kHARQ-ACK ≥ 1)
· UL assignment and UL data are conveyed in different subframes ( kPUSCH ≥ 1)
The idea behind “self-contained bi-directional subframe” is to set: kHARQ-ACK = 0 (subframes) and kPUSCH = 0 (subframes), respectively. Feasibility of these options, for at least certain scenarios, need to be discussed as part generic UE requirements with NR operation. 
Proposal #6: NR operation requires flexible HARQ and scheduling timing

Observation #2: There is a need to discuss UE processing time capabilities related to:
· Delay between PDSCH reception in DL and HARQ-ACK transmission in UL
· Delay between UL grant reception in DL and PUSCH transmission in UL.

2.6	Additional subframe types
As discussed in Section 3.2, three subframe types are enough for providing the basic NR functionality. Additional subframe types may be needed for at least the following scenarios: 
· RF beamforming  (see details in [5])
· Self-backhauling (see details in [7])
· Sidelink operation. 
These scenarios contain e.g. more frequent switching opportunities between Tx and Rx phases or between RF beams. In order to facilitate smooth switching between basic subfame types and additional subframe types, it makes sense to have a common subframe length all subframe types (within certain sub-carrier spacing value). 
Latency target set for URLLC (Ultra-Reliable and Low Latency Communications) is relatively tough. It is stated in [2] that for URLLC the target for user plane latency should be 0.5ms for UL, and 0.5ms for DL. This may be a challenging target especially when operating at 15 kHz sub-carrier spacing. One approach to support the latency target in this scenario is to define a specific URLLC subframe format, as illustrated in Figure 4.  An exemplary URLLC subframe contains extra GPs to support additional link direction switching within the subframe. It supports also transmission and reception of up-to two transport blocks/UE/spatial layer within a subframe.
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Figure 4. Example of URLLC subframe, M=7.

Proposal #7: Additional subframe types are needed to facilitate more frequent switching opportunities within subframe.

3	Conclusions
In this contribution we have discussed the frame structure design for the new RAT with an assumption that waveform in based on OFDM. Based on the discussion, we make the following observations and proposals:
Observation #1: New radio TDD operation does not require definition of predetermined TDD UL-DL configurations.
Observation #2: There is a need to discuss UE processing time capabilities related to:
· Delay between PDSCH reception in DL and HARQ-ACK transmission in UL
· Delay between UL grant reception in DL and PUSCH transmission in UL.


Proposal #1: NR transmissions are organized into radio frames with 10 ms duration. A radio frame consists of an integer multiple of subframes with a predefined number of OFDMA symbols.

Proposal #2: Three subframe types are needed for providing the basic NR functionality 
· DL only subframe
· UL only subframe
· Bi-directional subframe

Proposal #3: The size of different portions of the subframe (DL control, DL/UL data, GP, UL control) need to be scalable

Proposal #4: Subframe length, in terms of OFDMA symbols, is common for all subframe types within a sub-carrier spacing value. At least the following options need to be supported:  
· M = 7
· M =14

Proposal #5: Subframe contains an opportunity for conveying
· Reference signal used for demodulating DL or UL data and
· Separate reference signal(s) for demodulating DL and/or UL control signals. 

Proposal #6: NR operation requires flexible HARQ and scheduling timing

Proposal #7: Additional subframe types are needed to facilitate more frequent switching opportunities within subframe.
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