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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). 
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]In this contribution, we will discuss issues related to the frame structure design including how to multiplex different kinds of TTI, basic principles for TTI design and considerations on support of wireless backhaul.  The discussion is firstly based on TDD which seems more attractive than FDD due to e.g. the trend of ultra dense networks, the demand for larger bandwidths, a flexible UL-DL resource allocation and the ability to exploit channel reciprocity for massive MIMO. After that, at the end of this contribution, considerations are made on a unified design for FDD and TDD systems.
Discussion
Multiplexing of Different Kinds of TTIs
According to [2], 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 TTI with different characteristics such as different lengths and numerologies (e.g. sub-carrier spacing, CP length). How to design and to multiplex different kinds of TTI in a unified air interface is a critical issue to be resolved. We suggest that for studying the TTI 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 a very long TTI to support large coverage. Hence, multiplexing different kinds of TTIs 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 TTI lengths simultaneously used on a carrier. For applications that are not sensitive to latency (such as FTP), the benefits of a long TTI in terms of overhead reduction can be utilized. Other services, where latency is critical (e.g. virtual reality), a short TTI 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 TTIs. 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 a short TTI, the resources cannot be utilized directly by a long TTI since its resource allocation already has been done at this time (illustrated at the right bottom of Fig 1). 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 TTIs 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 TTIs when being multiplexed in a 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 1.



[bookmark: _Ref446592970]Fig 1 Example of TTI Multiplexing in TDM and FDM manner
According to the above considerations, it is suggested that TTI multiplexing in both a FDM and TDM manner should be considered in the study.

Proposal 1: 
· Define different kinds of TTIs for needed for different applications. Here, a TTI is characterized by e.g. its time duration and other numerology.
· Both time (TDM) and frequency (FDM) multiplexing of different kinds of TTIs should be considered during the study item.
[bookmark: _Ref446801670]TTI Design


[bookmark: _Ref446665634]Fig 2 Frame Structure of 4G TDD System
The frame structure of TDD has been comprehensively studied in the 4G LTE system. Therein, one 10ms frame consists of some continuous downlink and uplink subframes as shown in Fig 2. The drawbacks of this structure become more and more apparent with the emergence of new requirements. They include a complicated HARQ timing relationship, performance degradation due to ACK/NACK bundling and poor support of latency reduction. 
[bookmark: OLE_LINK5][bookmark: OLE_LINK6]In order to better satisfy the requirements of 5G, we suggest the introduction of a self-contained TTI structure with the ability of TTI aggregation. 
“Self-contained TTI structure” means that one TTI consists of a downlink control slot (DC slot), an uplink control slot (UC slot) and a data slot. 
Furthermore, the possibility of self-contained feedback shall be given. In general, for data received in TTI(n), it shall be possible to transmit the ACK/NACK in TTI(n+k), where k (≥0). With k=0, the ACK/NACK is transmitted in the same TTI as the corresponding data (=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.
In addition to the downlink control and uplink control channels, the DC or UC slots may also be used for the transmission of reference signals. The Data slot can be flexibly allocated to downlink or uplink data transmission. It is noted that a GP is needed between DL and UL signals to facilitate the change of the transmission direction. An example of a self-contained TTI structure is shown in Fig 3


[bookmark: _Ref446681885]Fig 3 Example for self-contained TTI
The self-contained TTI structure enables a simple HARQ design for TDD, because the ACK/NACK for TTI(n) can be transmitted in TTI(n+k) with k (≥0), regardless of the UL and DL resource allocation. As mentioned above, k=0 refers to a self-contained ACK/NACK feedback and k>0 refers to a delayed ACK/NACK feedback. Self-contained ACK/NACK feedback has several advantages, e.g:
· Latency reduction 
· Reduce the coupling of different TTIs. Low coupling of different TTIs will increase the flexibility of resource allocation. It will be simpler to perform TTI multiplexing in a TDM manner. 
· A TTI 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. 
Proposal 2: 
· Self-contained TTI structure is supported for new RAT TDD, which consists of
· Downlink control slot, data slot and uplink control slot

After the basic self-contained TTI structure has been introduced, it is now discussed how several short TTIs can be aggregated.  
The starting point is the definition of a short basic TTI (bTTI) according to the TTI structure given in Proposal 2.
A new (longer) kind of TTI is then formed by aggregating N basic TTIs (bTTI). The duration of the new TTI becomes N times the duration of bTTI. 
Some DC and UC slots of the bTTI(s) can be inherited by the longer aggregated TTI. This preserves the self-contained TTI structure for the longer TTI (as shown in the example of Fig 4). Other UC and DC slots of the component bTTI(s) can be used for data transmission instead. 
The duration of bTTI 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 bTTIs in one LTE sub-frame. 


Fig 4 Example of TTI aggregation

Proposal 3: 
· The duration of the basic TTI (bTTI) shall consider the requirement of latency sensitive services in 5G
· A TTI is formed by aggregating basic TTIs
· At least the first and last control slots of the aggregated bTTIs are inherited by the aggregated TTI.
· Integer number of basic TTIs in one LTE subframe
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 [2][3]. Moreover, efficient support of wireless backhaul is listed in [1] as one of the objectives of new RAT SID. Therefore, the frame structure design should consider the requirements and impact of a wireless backhaul.
Proposal 4: 
· Considering efficient support of wireless relay 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. 
To reduce the cost of dual-mode devices and to give good support for hybrid networking of TDD and FDD, a unified frame structure design for TDD and FDD is desired. As analysed in section 2.2, a self-contained TTI structure is suitable for TDD. Therefore, FDD may use a similar structure as TDD. An example is shown in Fig 7, where the DC slot is in the front of the downlink TTI and the UC slot is at the end of the uplink TTI.
Proposal 5: 
· Seeking unified frame structure design for TDD and FDD as much as possible


[bookmark: _Ref446801727]Fig 5 Example of Unified Design for FDD and TDD
Conclusions
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]In this contribution, some issues and considerations on frame structure design of new RAT are discussed. According to the analysis in section 2, we have following proposals:
Proposal 1: 
· Define different kinds of TTIs for needed for different applications. Here, a  TTI is characterized by e.g. its time duration and other numerology.
· Both time (TDM) and frequency (FDM)  multiplexing of different kinds of TTIs should be considered during the study item.
Proposal 2: 
· Self-contained TTI structure is supported for new RAT TDD, which consists of
· Downlink control slot, data slot and uplink control slot
Proposal 3: 
· The duration of the basic TTI (bTTI) shall consider the requirement of latency sensitive services in 5G
· A TTI is formed by aggregating basic TTIs
· At least the first and last control slots of the aggregated bTTIs are inherited by the aggregated TTI.
· Integer number of basic TTIs in one LTE subframe
Proposal 4: 
· Considering efficient support of wireless relay when designing frame structure of new RAT
Proposal 5: 
· Seeking unified frame structure design for TDD and FDD as much as possible
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