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1. Introduction

In RAN#71, new SID for a study on new radio access technology (RAT) was approved [1]. In the SID, the following objectives have been captured:

	(3) Initial work of the study item should allocate high priority on gaining a common understanding on what is required in terms of radio protocol structure and architecture to fulfil objective 1 and 2, with focus on progressing in the following areas 
· Fundamental physical layer signal structure for new RAT
· Waveform based on OFDM, with potential support of non-orthogonal waveform and multiple access
· FFS: other waveforms if they demonstrate justifiable gain
· Basic frame structure(s)
· Channel coding scheme(s)


In this contribution we provide our views on the fundamental physical layer signal structure for NR system. 
2. Physical layer signal structure
2.1. Signal waveform
5G network should accommodate various types of UEs which have different requirements. Considering a flexible UE multiplexing, MIMO technology is still important feature. OFDM has high affinity to MIMO technology. Although MIMO and OFDM should be used as baseline assumptions for DL waveform, enhanced waveforms which can reduce side-lobe of multi-carrier signals, such as filter bank multi-carrier (FBMC) and universal filtered multi-carrier (UFMC), may be studied during the SI phase considering Tx/Rx complexity and MIMO integration. These waveforms may have the benefits, such as the reduction of CP overhead and/or the reduction of hardware complexity for RAN slicing.
For uplink, multi-carrier based wave form can be considered, since UEs may not be required with such a high transmission power in some scenario in the dense small cell networks and new bands. In the current band where LTE service is operated, the design change should be very careful since it affects the cell coverage. For example, for eMBB, it is preferable to keep current SC-FDMA waveform; and for mMTC. On the other hand, in case of newly introduced and/or new band for NR only, different signal waveform, such as OFDM-based waveform, can be also considered.
Observation 1:

· For downlink, OFDM-based waveform is the baseline for NR.
· Suitable for flexible UE multiplexing in spatial and/or power domains, such as MU-MIMO and MUST.
· For uplink, both single carrier signal and OFDM-based waveform can be considered besides SC-FDMA
2.2. UL/DL subframe structure
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	Figure 1. Concept of full flexible UL/DL subframe structure


Figure 1 shows a concept of flexible UL/DL resource allocation. In LTE, multiple TDD configurations were supported to cope with the different UL/DL traffic ratio. In the small cell environment, UL/DL traffic ratio will be changed more dynamically. Therefore, eIMTA was also specified. Supplemental downlink is also considered as the technique to cope with variety of UL/DL traffic. This trend will be kept in 5G era, at least for TDD carriers and/or new band for NR, the UL/DL resource allocation should be more flexible and dynamic. How to achieve full flexible UL/DL resource allocation to cope with dynamic UL/DL traffic ratio change may be one of the key issues. The length of UL/DL burst may be flexibly indicated depending on the required UL/DL traffic. Even for a FDD network, similar framework may be applied to UL carrier. This framework may be the base technique for flexible duplexing for NR if flexible duplexing is specified in NR.
Observation 2:
· Full flexible UL/DL subframe allocation is one of the key requirements for NR to support.
· The ratio of UL/DL traffic becomes more flexible based on:
· Location, time, etc
2.3. Channel coding
As of today, most of the traditional coding schemes have been used/studied for 3G and 4G and these coding schemes include convolutional codes, turbo codes, and low density parity check (LDPC) codes. For NR, new coding schemes that offer potential benefits such as repeat accumulate (RA) codes and product accumulate (PA) codes may be the candidates for study.  
On the other hand, in 5G era, we think 5G terminals also support other 3GPP-RATs such as LTE and UMTS. Therefore, we should take into account the UE complexity issue when considering coding schemes other than TBCC and turbo code. While eMBB type 5G terminals also likely support other 3GPP-RATs, mMTC and/or URLLC specific terminal may support only NR. In this case, mMTC and/or URLLC type UE may not need to support turbo decoder, because packet size in one transmission opportunity may be typically small. Generally, TBCC and turbo codes achieve good error rate performances with the large constraint length and bit length to encoders. Therefore, we can specify new coding scheme which is optimized to small packet size.
In addition, because control and data have unequal error rate requirements, we may consider the possibility of the use of superposition coding and related codes for improved channel efficiency. 

Observation 3:
· UE complexity for supporting multiple 3GPP-RATs should be taken into account when coding scheme is studied
· mMTC and/or URLLC specific terminal may support only NR. In this case, mMTC and/or URLLC UE may not need to support turbo decoder.
3. Conclusion
In this contribution, we present our views on new RAT. 
Observation 1:

· For downlink, OFDM-based waveform is the baseline for NR.
· Suitable for flexible UE multiplexing in spatial and/or power domains, such as MU-MIMO and MUST.
· For uplink, both single carrier signal and OFDM-based waveform can be considered for flexible UE multiplexing.
Observation 2:
· Full flexible UL/DL subframe allocation is one of the key requirements for NR to support.
· The ratio of UL/DL traffic becomes more flexible based on:
· Location, time, etc
Observation 3:
· UE complexity for supporting multiple 3GPP-RATs should be taken into account when coding scheme is studied
· mMTC and/or URLLC specific terminal may support only NR. In this case, mMTC and/or URLLC UE may not need to support turbo decoder.
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