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Introduction
In RAN#71, the SID for new radio access technology has been approved [1]. One of the important objectives of this SID is to investigate the fundamental physical layer signal structure including waveform, basic numerology and frame structure as well as channel coding scheme(s). 
In this contribution, we will discuss issues related to the frame structure design. We propose the introduction of a time structure, the NR sub-frame (NRsf) and a self-contained structure for data transmission, the scheduling frame (SDF).
Further on, we discuss how scheduling frames of different lengths and compositions can be aggregated, the HARQ functionality and multiplexing in FDM and TDM manner for efficient resource utilization. 
Assumptions
The waveform which is assumed in this document is CP-OFDM. Different numerologies can be derived by sub-carrier spacing scaling fsc=f0*M, where f0 is a subcarrier spacing base value and M is preferably of type 2^m, with m being an integer, number including the 0.  
Discussion
Sub-frame design
We propose the definition of a time structure for NR. In LTE, a sub-frame has a constant duration of 1ms. For NR, however, we prefer to allow scalable sub-frame durations. To differentiate from the fixed duration as applied in LTE, we use the terminology “NR sub-frame (NRsf)” for NR.
In our view, an NR sub-frame is the shortest time-domain structure to be schedulable. The duration of an NR sub-frame can be defined by considering requirements of delay sensitive services (e.g. URLLC). 
There are at least two possibilities to define the duration of an NR subframe: 
1. By defining the absolute time duration. The number of OFDM symbols that are contained in the sub-frame is then derived from the OFDM symbol duration (which may depend on factors like scaling factor and CP) [PS: different symbol duration if NCP/ECP is used]
2. By defining the number of symbols to be used in a sub-frame. The sub-frame duration is then derived from the OFDM symbol duration.
Both options are more or less equivalent. The first method seems straightforward; when a short UP delay shall be introduced or different scheduling frames (see next sections) shall be aligned, then first the time duration of the sub-frames can be defined. The second option, on the other hand, seems to be forward compatible and even lower scaling factors can be applied for future use cases. With the first approach, very low subcarrier spacing scaling factors (e.g. 1/16) could create symbols that are longer than a sub-frame.  
Proposal 1:
An NR sub-frame is the shortest schedulable time-domain structure. 
Proposal 2:
The NR sub-frame duration
· scales with the numerology of the sub-carrier spacing (i.e. keeping the number of symbols per subframe and changing the OFDM symbol duration) 
· scales within the same numerology by changing the number of symbols per subframe (i.e. keeping the OFDM symbol duration and changing the number of symbols per subframe)
· scales by mixing the two methods above . 

Proposal 3:
The NR sub-frame is 2, 4 or 8 OFDM symbols long. The exact set of values is FFS. Whether different values for paired and unpaired spectrum are used is FFS. 
According to proposal 3, the flexible duration of an NR sub-frame could be expressed as:

,
where “#symbols” the number of symbols per sub-frame and M is the applied scaling factor for the sub-carrier spacing. The formula above would for instance allow a NR sub-frame duration of 0.5ms with 8 OFDM symbols for a SCS scaling factor of 1.
The duration of the NR sub-frame shall be designed to satisfy the requirements of latency-sensitive services in 5G. Furthermore, in order to allow a tight integration between LTE and the new RAT, there should be an integer number of NR sub-frames in one LTE sub-frame.
Proposal 4: 
· The duration of the NR subframe is selected based on the requirement of latency sensitive services in 5G.
· Furthermore, an integer number of NR sub-frame durations equals one LTE sub-frame duration.

Possible NR subframe types:
Proposal 5:
For unpaired spectrum, there should be at least 3 types of NR subframes:
· Type 0: All downlink, may include control, may include data, may include RS for demodulation. Note that the positions of control and data are for further study
· Type1: All uplink, may include gap, may include control, may include data, may include RS for demodulation. Note that the positions of control and data are for further study
· Type2: Hybrid UL/DL may include DL control, DL data, Gap, UL data, UL control and RS for demodulation in both transmission directions. Note, that the positions of control and data are for further study

For paired spectrum, we may only need type 0 and type 1. Also, we prefer a unified design for paired and unpaired spectrum as far as possible.
Examples for the three different NRsf- types are illustrated below:
 [image: ]
Figure 1 Examples of NR sub-frame types
Scheduling frame
The scheduling frame (SDF) describes the resources needed for the transmission of a data burst. A scheduling frame can consist of one or several NR subframe(s). A scheduling frame longer than one subframe can be created through subframe aggregation. The number of subframes in one scheduling frame depends on the particular requirements of a certain application. It may also be related to the deployment scenario and carrier frequency. 
The RS is designed based on the NR subframe. When several subframes are aggregated to form a scheduling frame, then the RS in the subframes are used for data demodulation of the scheduling frame. It should not be required that RS are present in all subframes of a scheduling frame.
The scheduling frame can also contain assignment(s) and/or acknowledgement(s) for data transmission(s). But whether a particular scheduling frame contains assignment(s) and/or acknowledgement(s) depends on the concrete design of the data transmission process and control, which can be further studied.
It is preferred to maximize the commonalities among different links, but it is also recognized that there may exist some differences for different links. The details are highly related to the concrete design and should be further studied. We also prefer that requirements for relay are considered in the frame structure design from the beginning.

Self-Contained Scheduling Frame through NR Sub-frame aggregation:
In order allow low latency services and to facilitate forward compatibility, we suggest the introduction of a self-contained scheduling frame structure which is based on NR sub-frame aggregation. A self-contained structure means that all necessary signals for a data burst transmission from source to destination and back from destination to source are included in the Scheduling Frame 
“Self-contained scheduling frame structure” means that transmissions in both directions are needed. Therefore, a self-contained scheduling frame must consist of either
· at least one NR sub-frame type0 and one NR sub-frame type1 or 
· a hybrid NR sub-frame type 2. 
The different fields from the aggregated NR sub-frames are inherited by the scheduling frame. But not all of the inherited control fields must be used for control, some of them may be used for the transmission of data. 
Below, an example of the smallest possible self-contained scheduling frame in TDD is illustrated. It consists of two NR sub frames, each containing of 2 symbols. Data is transmitted in DL direction during the type0 NR sub-frame and the Ack/Nack is sent during the type1 NR sub-frame. In total, at least four symbols are needed to facilitate DL contrl, Gap, Data and UL control.
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Figure 2 Example for self-contained scheduling frame structure in TDD
Another possibility to create Scheduling Frames is shown below in Fig 3. By aggregating different combinations of type0 and type2 NR sub-frames, Scheduling Frames with different properties are achieved. For SDF1, Ack/Nack is placed at the end of the Scheduling Frame, for SDF2, the Ack/Nack field is placed in the middle of the Scheduling Frame.  

[image: ]
Figure 3 Example for self-contained scheduling frames created by NRsf type2 aggregation

Proposal 6:
A scheduling frame is used to carry a transport block. Different scheduling frame lengths and formats are created by NR sub-frame aggregation. 
The self-contained scheduling frame Structure means that all information which is necessary for the transmission of a data burst, such as assignment, RS and data, is contained in the frame structure. This shall be distinguished from the possibility of “self-contained feedback”, which also shall be supported. 
In general, for downlink data received in scheduling frame(n), it shall be possible to transmit the ACK/NACK in scheduling frame(n+k), where k (≥0). With k=0, the ACK/NACK is transmitted in the same scheduling frame as the corresponding data. This is called self-contained feedback. With k>0, the ACK/NACK feedback is delayed. The latter can be useful in cases where it is not possible to decode the received data in time for self-contained feedback. More details on the HARQ process in NR are given in the companying contribution [2]. A third possibility is concentrated feedback in which the ACK/NACK(s) for several scheduling frames are sent during one single uplink occasion. 
An example for self-contained and delayed feedback is given below. The Scheduling Frame structures from the example of Fig 3 are used:
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Figure 4 Examples for self-contained feedback and delayed feedback for DL data transmission

For uplink data transmission, no explicit feedback is needed. Instead, it can be included in the downlink control of a subsequent scheduling frame. If it is included in the next possible scheduling frame, it is called self-contained feedback. If it is included in a later scheduling frame, it is called delayed feedback.   
Self-contained ACK/NACK feedback has several advantages, e.g:
· Latency reduction 
· Reducing the coupling between different scheduling frames. Low coupling between different scheduling frames increases the flexibility of resource allocation. It simplifies scheduling frame multiplexing in a TDM manner. 
· A scheduling frame can be flexibly punctured for interference mitigation or mission critical services without considering if it needs to be used for ACK/NACK feedback of previous data transmission.
· It benefits LAA because the device should send should send all relevant signals once it successfully occupies a channel.  
However, there are also situations where delayed feedback or concentrated feedback are more suitable to be used. For instance, the performance for services that do not require very low latency can degrade when self-contained feedback is employed. This can for instance be the case due the required transmission delay until the ACK/NACK is received or due to the need of short schedule frames (which have a larger overhead). More details about the advantages and disadvantages of different HARQ operations are given in R1-164726 [2] 
Proposal 7: 
In order to address the requirements of different services in 5G NR, the frame structure shall support 
· Self-contained feedback
· Delayed feedback
· Concentrated feedback
Multiplexing of Different Kinds of Scheduling Frames
According to [1], the new RAT should be able to efficiently support various usage scenarios, i.e. enhanced mobile broadband (eMBB), massive machine-type-communications (mMTC), ultra reliable and low latency communications (URLLC). Moreover, it should also be applicable to many kinds of deployment scenarios such as indoor hotspot, dense urban, extremely large coverage and high speed scenario, etc. 
To satisfy the diverse requirements, we need different kinds of scheduling frames with different characteristics such as different lengths and also numerologies (e.g. sub-carrier spacing, CP length). 
In order to have an efficient utilization of scarce air-interface resources, the different scheduling frame structures need to be based on a common principle that allows for smooth and flexible multiplexing and resource allocation. We suggest that Scheduling Frame multiplexing both in frequency (FDM) and time (TDM) in a carrier should be considered. There are pros and cons for both approaches and they should be carefully evaluated during the study.
Below, some of these issues are listed:
· Large bandwidth is available for the next generation communication system. However, some applications may only require tiny frequency resources due to a low traffic volume and/or device ability restrictions (e.g. smart metering). Meanwhile, such kind of applications usually needs very long scheduling frames to support large coverage. Hence, multiplexing different kinds of scheduling frames in an FDM manner is beneficial to avoid inefficient utilization of frequency resources. 
· The new RAT also needs to simultaneously satisfy diverse latency requirements. To meet these requirements, there may be several scheduling frame lengths simultaneously used on a carrier. For applications that are not sensitive to latency (such as FTP), the benefits of a long scheduling frame in terms of overhead reduction can be utilized. Other services, where latency is critical (e.g. virtual reality), a short scheduling frame may be employed, even if this comes with the cost of an increased overhead.
· Compared to the FDM concept, the TDM manner is in general more beneficial for multiplexing long and short scheduling frames. In the FDM fashion, there are some challenges to overcome. Firstly, FDM may result in inefficient resource utilization. For example, if there is no signal to be transmitted in an application with a short scheduling frame, then the resources cannot be utilized directly by an application with a long scheduling frame, since its resource allocation already has been done at this time (illustrated at the right bottom of Fig 5). Secondly, due to independent resource allocation between downlink and uplink for different applications, a situation could come up where a TRP has to transmit on some subcarriers but needs to receive on other subcarriers. This could imply the need for separate RF chains for long and short scheduling frames and would increase the cost of the TRPs. Moreover, depending on the selected waveform, DL/UL interference in one TRP due to e.g. imperfect time and frequency synchronization may incur large guard bands between long and short scheduling frames when being multiplexed in an FDM manner. This would further increase the system overhead. 
· Another use case for the TDM manner is mission critical applications. They are usually characterized by a bursty transmission and supported via time domain puncturing as shown in Fig. 5.

For the multiplexing of different scheduling frames, also the network capabilities should be considered. For instance, if there exist multiple RF chains, then independent UL/DL resource allocation can be done for different services that are FDM multiplexed. This is illustrated in Fig 5 below.
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[bookmark: _Ref446592970]Figure 5 Example of scheduling frame multiplexing in TDM and FDM manner, note that independent UL/DL resource allocation is performed

If there only exists one RF chain, GP alignment should be considered for the scheduling frame multiplexing. In case GPs cannot be aligned for some scheduling frames, puncturing at the appropriate positions could be employed. This is illustrated in Fig 6 below.
[image: ]
Figure 6 Scheduling frame multiplexing with GP alignment and puncturing. Blue and yellow indicate downlink and uplink transmission, respectively.
Another reason to introduce flexible resource allocation in both FDM and TDM manner is service volume matching. In general, mMTC needs more uplink resources and eMBB has a higher proportion of downlink service. Handling such DL and UL service volume differences with FDM and different SDF configurations would imply a resource waste if DL and UL alignment is needed. 
According to the above considerations, it is suggested that scheduling frame multiplexing in both a FDM and TDM manner should be considered in the study.
Proposal 8 
· Both time (TDM) and frequency (FDM) multiplexing of different kinds of scheduling frames should be considered during the study item.
Support of wireless backhaul
Wireless backhaul is a key enabler to resolve backhaul availability issues and to reduce the cost of deployment and management of 5G networks. This has been regarded as one of main requirements of 5G [3][4]. Moreover, efficient support of wireless backhaul is listed in [1] as one of the objectives for the new RAT study. Therefore, the frame structure design should consider the requirements and impact of a wireless backhaul.
Proposal 9: 
· Wireless relaying should be efficiently supported when designing frame structure of new RAT
Unified Design for FDD and TDD
It is well known that TDD is attractive at high frequency due to e.g. larger amount of available spectrum, the availability of channel reciprocity for massive MIMO, etc. However, FDD will still be popular at low frequencies due to e.g. the requirement of wide-area coverage and the current situation of spectrum assignment. Since the frequency range of the new RAT is from 0 to 100GHz [1], both FDD and TDD shall be supported and the frame structure of FDD shall also be considered. 
Proposal 9: 
· A unified frame structure design for TDD and FDD should be the target, as far as possible. A starting point for the investigation can be the NR subframe types 0 and 1 introduced in proposal 4.
Conclusions
From the discussions in this contribution, we have the following proposals:
Proposal 1:
An NR sub-frame is the shortest schedulable time-domain structure. 
Proposal 2:
The NR sub-frame duration
· scales with the numerology of the sub-carrier spacing (i.e. keeping the number of symbols per subframe and changing the OFDM symbol duration) 
· scales within the same numerology by changing the number of symbols per subframe (i.e. keeping the OFDM symbol duration and changing the number of symbols per subframe)
· scales by mixing the two methods above . 

Proposal 3:
The NR sub-frame is 2, 4 or 8 OFDM symbols long. The exact set of values is FFS. Whether different values for paired and unpaired spectrum are used is FFS. 
Proposal 4: 
· The duration of the NR subframe is selected based on the requirement of latency sensitive services in 5G.
· Furthermore, an integer number of NR sub-frame durations equals one LTE sub-frame duration.
Proposal 5:
For unpaired spectrum, there should be at least 3 types of NR subframes:
· Type 0: All downlink, may include control, may include data, may include RS for demodulation. Note that the positions of control and data are for further study
· Type1: All uplink, may include gap, may include control, may include data, may include RS for demodulation. Note that the positions of control and data are for further study
· Type2: Hybrid UL/DL may include DL control, DL data, Gap, UL data, UL control and RS for demodulation in both transmission directions. Note, that the positions of control and data are for further study

Proposal 6:
· A scheduling frame is used to carry a transport block. Different scheduling frame lengths and formats are created by NR sub-frame aggregation. 

Proposal 7: 
In order to address the requirements of different services in 5G NR, the frame structure shall support 
· Self-contained feedback
· Delayed feedback
· Concentrated feedback

Proposal 8 
· Both time (TDM) and frequency (FDM) multiplexing of different kinds of scheduling frames should be considered during the study item.

Proposal 9: 
· A unified frame structure design for TDD and FDD should be the target, as far as possible. A starting point for the investigation can be the NR subframe types 0 and 1 introduced in proposal 4.
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