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1. Introduction
In this contribution, we describe our initial views on frame structure for NR access technology.
2. Lean radio-frame with flexible dynamic TDD
2.1. Basic concept
The NR access technology is required to offer better performances compared to LTE in terms of data rate, frequency utilization efficiency, latency, connection density, network energy consumption, etc, in various scenarios identified in [1]. The target carrier frequency is up to 100GHz, which includes much higher carrier frequency than that for traditional LTE use-cases. Furthermore, it is stated in [2] that one of the objectives of the study item is to investigate how to ensure forward compatibility with the future potential enhancements [3]. In order to address them, we believe that the lean radio-frame with flexible dynamic TDD can be a promising basic concept of the NR, and should be further investigated. 
Figure 1 shows an example of lean radio-frame with flexible dynamic TDD. The basic idea of the lean radio-frame is to minimize UE-common pre-defined/pre-configured channels/signals and concentrate them onto a specific subframe (called fixed DL subframe in this contribution) which is transmitted by eNB with a certain periodicity. The radio resources other than fixed DL subframe (called dynamic subframe in this contribution) can flexibly be utilized according to eNB scheduler decision; it can also completely be blanked if eNB does not schedule anything. 
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Fig. 1
Lean radio-frame with flexible dynamic TDD.
Observation 1:
· Lean radio-frame with flexible dynamic TDD would be a good candidate radio frame design for NR.

The detailed solutions for efficient utilization of this radio-frame design should further be investigated. In the following, we present example designs of fixed DL subframe and dynamic subframe.
2.2. Fixed DL subframe
Fixed DL subframe can provide necessary and important UE-common channels/signals/RSs. In case of synchronous network, the timing/periodicity of fixed DL subframe can be aligned among neighboring TPs. This could avoid inter-link interference (i.e., UL-DL interference). 

The necessary channels/signals/RSs that should be transmitted in the fixed DL subframe and their required periodicities could be different depending on the use-case and scenario. For example, when the NR carrier is stand-alone and provides initial-access related functions, signal(s) for time/frequency synchronization, channel(s) for broadcast information, and RS(s) for TP discovery/measurement, should be transmitted in the fixed DL subframe with certain periodicities (Fig. 2 (a)). When the NR carrier is not stand-alone and assistance/cooperation from the other LTE/NR carrier is available, it is not necessary to transmit broadcast information in the fixed DL subframe, and the periodicity of some channels/signals/RSs in the fixed DL subframe could be longer, e.g., since the assisting LTE/NR carrier could indicate the timing for discovering/measuring the NR carrier to each UE (Fig. 2 (b)). In an extreme case, if the NR carrier is co-located and contiguous with the other LTE/NR carrier, all the functionalities required in the fixed DL subframe may not be necessary; the fixed DL subframe can be removed and whole radio resources can be utilized as dynamic subframes in this case (Fig. 2 (c)). Necessary functions in the fixed DL subframe and their periodicities should further be investigated with taking into account such different use-cases and scenarios. Since minimizing necessary channels/signals/RSs is the key design criterion of this radio frame design, multiple different configurations of the fixed DL subframe transmission should be allowed.
Note that the design of fixed DL subframe is very important especially in terms of forward compatibility. Earlier UEs will rely on the fixed DL subframe to start/keep communication with a TP. The functions necessary for the earlier UEs introduced in the fixed DL subframe may not be removable easily later. Therefore, careful study is necessary on designing the fixed DL subframe.
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(a) The NR carrier is stand-alone and provides initial-access related functions.
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(b) The NR carrier is not stand-alone and is assisted by another LTE/NR carrier.
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(c) The NR carrier is not stand-alone and is co-located and contiguous with another LTE/NR carrier.

Fig. 2
Examples of fixed DL subframe configurations.

Observation 2:

· Fixed DL subframe is transmitted by TP periodically to deliver necessary channels/signals/RSs.

· Necessary functions at the fixed DL subframe and their periodicities could be different depending on use-case and scenario.

· Further careful investigation is necessary on how to design the fixed DL subframe.

· Forward compatibility should be taken into account. 
2.3. Dynamic subframe
Dynamic subframe should be able to be utilized for any purposes such as DL data transmission, UL data transmission, DTX, etc, per subframe basis. It is highly desirable to determine/indicate the usage of each subframe per subframe basis, e.g., by DL control channel in the same subframe. With such non-cross-subframe based procedures, flexibility of dynamic TDD over dynamic subframes is ensured, which will be highly beneficial from forward compatibility viewpoint.
2.3.1. Subframe scheduling
Examples of dynamic scheduling of DL/UL data, DL/UL sounding RS, and RA preamble in a dynamic subframe, are illustrated in Fig. 3. DL data and DL sounding RS spans one subframe and are scheduled by the DL control channel in the same subframe. UL data, UCI, and UL sounding RS are scheduled by the DL control channel in the same subframe while a guard period is inserted from the DL transmission part. It is FFS whether/how such dynamic and fast subframe indication/utilization is enabled.
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Fig. 3
Examples of subframe scheduling in dynamic subframe.
The TTI length could be flexible. For example, one DL or UL data can span across multiple subframes so that the DL control signalling overhead can be reduced. In case of UL, this further saves UL-DL switching overhead.
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Fig. 4
Examples of variable TTI length.

2.3.2. HARQ operation
It is obvious that HARQ is still important for both DL and UL. In order to realize highly flexible operation, asynchronous UL/DL HARQ should be the baseline. Furthermore, for DL data, flexible HARQ-ACK feedback timing should be supported, in which the HARQ-ACK feedback is explicitly granted by the eNB using a UCI grant. Similarly to this, CSI feedback can also be explicitly granted; e.g., DL sounding RS is scheduled by its DL grant in a subframe, and the measured CSI is fedback when there is an explicit grant.
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(a) Async DL/UL HARQ


(b) Flexible HARQ-ACK feedback timing
Fig. 5
Examples of HARQ operation.
Note that the flexible HARQ-ACK feedback timing requires additional DL control signalling. For the case where DL control signalling overhead is a concern, it is also beneficial to support fixed HARQ-ACK feedback timing. One clear use-case is self-contained operation, which will be discussed in the next sub-section. 
2.3.3. Self-contained operation
Self-contained operation can be interpreted as the operation in which DL control signalling, DL data, and its HARQ-ACK feedback, are contained in a particular radio resource. Such very fast HARQ-ACK feedback may be useful to achieve extra low latency. Both time-domain and frequency-domain self-contained operation can be considered as shown in Fig. 6. By the time-domain self-contained operation, very fast HARQ-ACK feedback is realized. The HARQ-ACK feedback can be done without explicit grant for HARQ-ACK feedback, which brings benefit to reduce DL control signalling overhead. Similarly to HARQ-ACK feedback, CSI feedback could also be considered; DL control schedules DL sounding RS, and the CSI measurement results are feedback in the same subframe. By the frequency-domain self-contained operation, overhead can further be reduced since the frequency resource allocated for DL control and data (and for HARQ-ACK) are aligned. DL control and data may be able to share the same DMRS for demodulation, which could further reduce RS overhead, while the different designs and different performance requirements between DL control and data need to be taken into account in this case. In case of pure OFDM, data for different UEs are mapped to orthogonal resources with using the same numerology (e.g., subcarrier-spacing). In case of OFDM with filtering or windowing, different numerologies may be allowed among UEs. As such, self-contained operation could realize very fast feedback operation with reducing overhead.
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Fig. 6
Example of self-contained operation.
Observation 3:

· Further study is necessary on how to design dynamic subframe.

· It is highly important to ensure high flexibility in dynamic subframe operations.

· It is desirable to indicate the usage of each subframe by the DL control signalling in the subframe.
· It is desirable to support flexible (explicit) operations of HARQ and CSI feedback.

· Self-contained operation would bring different benefits and can also be another solution.

· Very quick HARQ-ACK feedback can realize extra low latency operation.

· Overhead saving by linking time/frequency resource information between the channels/signals.
3. Conclusion
In this contribution we provided our initial views regarding frame structure for new radio interface, and showed following observations.
Observation 1:

· Lean radio-frame with flexible dynamic TDD would be a good candidate radio frame design for the new RAT.

Observation 2:

· Fixed DL subframe is transmitted by TP periodically to deliver necessary channels/signals/RSs.

· Necessary functions and their periodicities could be different depending on use-case and scenario.

· Further investigation is necessary on how to design the fixed DL subframe.

· Forward compatibility should be taken into account. 
Observation 3:

· Further study is necessary on how to design dynamic subframe.

· It is highly important to ensure high flexibility in dynamic subframe operations.

· It is desirable to indicate the usage of each subframe by the DL control signalling in the subframe.

· It is desirable to support flexible (explicit) operations of HARQ and CSI feedback.

· Self-contained operation would bring different benefits and can also be another solution.

· Very quick HARQ-ACK feedback can realize extra low latency operation.

· Overhead saving by linking time/frequency resource information between the channels/signals.
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