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Introduction
In RAN #71 meeting, a new SI for new radio access technology was approved [1]. The first objective of this SI is stated as follows,
1. Target a single technical framework addressing all usage scenarios, requirements and deployment scenarios defined in TR38.913 including
· Enhanced mobile broadband
· Massive machine-type-communications
· Ultra-reliable and low latency communications 
Basic frame structure is one of the fundamental physical layer designs to be specified in the early stage. One big requirement on this frame structure design is to enable “efficient multiplexing of traffic for different services and use cases on the same contiguous block of spectrum”. This contribution discusses how to design frame structure to meet such requirement. TDD frame structure is focused more in views that TDD becomes more important in SHF and EHF where higher availability of large continuous spectrum block is expected.

Discussion
Low latency structure
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Fig. 1 LTE TDD frame structure
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Fig. 2 Low latency subframe structure

In order to support low latency communications for various exciting service, such as V2X, tactile internet, remote robotic operation, the target for user plane latency is set as 0.5ms for URLLC [2]. In addition to shorten the length of subframe/TTI from LTE, fast feedback of HARQ-Ack/Nack is also required to reduce latency. As shown in Fig. 1, TDD frame structure in existing LTE does not provide resources frequent enough for fast feedback. Fig. 2 shows one example of low latency structure. Different from LTE, in each subframe a short period is allocated for HARQ-Ack/Nack feedback. This structure shortens retransmission period, thus the user plane latency is reduced. The side effect of this example is that the switching overhead is increased compared to the subframe structure in Fig. 1. Therefore, a careful design is needed to balance the efficiency and latency.

Observation 1: In addition to shorten the length of subframe of subframe/TTI, allocating a short period for HARQ-Ack/Nack feedback in each subframe is also effective for latency reduction. Further study on how to balance the efficiency and latency is needed.

Efficient multiplexing of various types of traffic
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Fig. 3 multiplexing of traffic for different numerology on the same contiguous spectrum block
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Fig. 4 supporting different numerology on the same contiguous spectrum block by filtering
In views of availability of frequency spectrum and CAPEX/OPEX of network deployment, it is desirable to efficiently support multiplexing of traffic for different services and use cases on the same contiguous block of spectrum. Because each service and/or use case has its own unique requirements, desirable numerologies for them are also different. For example, low latency communications requires a short OFDM symbol length and TTI length. On the other hand, it is preferred to use narrow subcarrier-spacing (long OFDM symbol length) and long TTI for some eMTC UEs which demands long UE battery life and wide coverage. Wide subcarrier-spacing (short OFDM symbol length) is more suitable for short range communications with low delay-spread in the radio channel because it can achieve high data rates with low complexity. As a result, it is required to efficiently accommodate different numerologies in neighbouring spectrum sub-blocks as shown in Fig. 3. Because of losing orthogonality, spectrum sub-blocks with different subcarrier-spacings may severely interfere with each other. Fig. 4 shows an example to prevent severe mutual interference by filtering each sub-block before multiplexing.

Observation 2: In order to efficiently multiplex traffic for different services and use cases on the same contiguous block of spectrum, neighbouring spectrum sub-blocks using different numerologies may need to be supported by utilizing filter.

Flexible TDD frame structure
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Fig. 5 example of inefficient TDD frame structure
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Fig. 6 flexible TDD frame structure with a short period for control information in each subframe

Multiplexing of traffic for various services and use cases in a TDD band requires a new frame structure which satisfies the requirement discussed in both section 2.1 and 2.2. Just inserting a short period for HARQ-Ack/Nack feedback in the low latency sub-block may leave many resources unused, thus leading to inefficient frequency resource utilization. As shown in Fig. 5, because the eNB needs to use a short period for transmitting/receiving HARQ-Ack/Nack, other adjacent spectrum sub-blocks with larger OFDM symbol lengths cannot be utilized at the same time due to the constraint of half duplex and switching overhead. Fig. 6 shows an improvement by aligning the data parts of each spectrum sub-block before inserting a short period for HARQ-Ack/Nack. 

Proposal 1: Investigate efficient TDD frame structure for multiplexing of traffic for different services and use cases on the same contiguous block of spectrum while giving full consideration to the balance between frequency utilization efficiency and latency.
· Fig. 6 could be a start point to consider further optimum design.

Dynamic DL/UL switching
In addition to multiplexing traffic of various services, the DL/UL traffic variation needs to be considered in the frame structure design, especially in ultra-dense networks. On one hand, the uneven DL/UL traffic distribution may result in the different DL/UL configurations for data transmission (rather than control information transmission period) among different transmission points. On the other hand, in next generation radio access technologies, the RAN architecture should support the connectivity through multiple transmission points (TPs) [2], i.e., an UE may be served by different TPs in different frames. Therefore, it is possible that an UE is served by one TP in DL data transmission during frame n, and then served by another TP in UL data transmission during frame n+1. In this case, the DL/UL transmission for the UE may be dynamically switched. In other words, in the new frame structure, the DL/UL transmission can be dynamically indicated to the UE. 

Proposal 2: The new frame structure should consider dynamic DL/UL switching for each UE.  

Conclusions
This contribution discussed new frame structure for New RAT with a main focus on TDD. The observations and proposals based on above discussion are summarized as follows,

Observation 1: In addition to shorten the length of subframe of subframe/TTI, allocating a short period for HARQ-Ack/Nack feedback in each subframe is also effective for latency reduction. Further study on how to balance the efficiency and latency is needed.

Observation 2: In order to efficiently multiplex traffic for different services and use cases on the same contiguous block of spectrum, neighbouring spectrum sub-blocks using different numerologies may need to be supported by utilizing filter.

Proposal 1: Investigate efficient TDD frame structure for multiplexing of traffic for different services and use cases on the same contiguous block of spectrum while giving full consideration to the balance between frequency utilization efficiency and latency.
· Fig. 6 could be a start point to consider further optimum design.

Proposal 2: The new frame structure should consider dynamic DL/UL switching for each UE.  
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