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1. Introduction

In RAN#71, a new study item for 5G NR has been approved in [1] and the following areas will be studied:
· 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)

· Radio interface protocol architecture and procedures

· Radio Access Network architecture,interface protocols and procedures, 
Study on the above 2 bullets shall at least cover:

· Study the feasibility of different options of splitting the architecture into a “central unit” and a “distributed unit”, with potential interface in between, including transport, configuration and other required functional interactions between these nodes [RAN2, RAN3];

· Study the alternative solutions with regard to signaling, orchestration, …, and OAM, where applicable [in co-operation with SA5];

· Study and outline the RAN-CN interface and functional split [in co-operation with SA2] [RAN2, RAN3];

· Study and identify the basic structure and operation of realization of RAN Networks functions (NFs). Study to what extent it is feasible to standardize RAN NFs, the interfaces of RAN NFs and their interdependency [RAN3];

· Study and identify specification impacts of enabling the realization of Network Slicing [in co-operation with SA2] [RAN2, RAN3];

· Study and identify additional architecture requirements e.g.support for QoS concept, SON, support of sidelink for D2D [RAN1, RAN2, RAN3].

· Fundamental RF aspects – especially where they may impact decisions on the above, e.g., 
· Study and identify the aspects related to the testability of RF and performance requirements
In this contribution, we will provide our considerations on the design of basic frame structure(s).
2. Overall considerations 
Comparing with the design of LTE, the design of frame structure for NR faces more challenges:
2.1 Higher frequency and wider bandwidth
Based on the latest requirements discussion for NR[2], it is required that NR should support up to 100GHz. There are also three typical carrier frequencies are proposed. They are 4GHz, 30GHz and 70GHz. The supporting bandwidths for each frequency are 200MHz for 4GHz and 1GHz for 30GHz and 70GHz. In LTE system, the maximum bandwidth for one carrier is 20MHz and more bandwidths can be used by carrier aggregation. As for the NR, wider basic bandwidth is needed to support different bandwidth requirements. 
Observation 1: Wider basic bandwidth should be supported for 5G NR.

2.2 Supporting for different traffic types
The usage scenarios for 5G NR will not only focus on MBB. The families of usage scenarios for IMT for 2020 and beyond include [2]:
-
eMBB (enhanced Mobile Broadband)

-
mMTC (massive Machine Type Communications)
-
URLLC (Ultra-Reliable and Low Latency Communications)
Each usage scenario has different sets of requirements and will need different technologies. It is a natural choice to support different usage scenarios for in-band deployment. Otherwise, if different usage scenarios could only be deployed as inter band mode, the whole band will be fragmented by guard band. It will be a waste of channel resources.
Observation 2: It is essential to support in-band deployment for different usage scenarios and traffic types.

2.3 Lower U-Plane latency
The requirements for low latency will have direct effect on the design of minimum TTI and HARQ. For URLLC the target for user plane latency should be 0.5ms for UL and 0.5ms for DL. For eMBB, the target for user plane latency should be 4ms for UL, and 4ms for DL. To support 0.5ms DL/UL user plane latency for URLLC, the minimum TTI length will at the level of 0.1ms and accordingly, comparing with LTE, the length of shortest symbol for NR should also reduce.
Observation 3: Comparing with LTE, lower U-Plane latency for NR will require lower TTI and symbol length.

2.4 Density deployment
Based on the latest discussion for NR requirements, the spectrum efficiency gains in the order of three times IMT-Advanced are targeted. For indoor scenario, 12TRPs are deployed in 120m x 50m. The dense deployment will take great challenges to the channel access, interference management and mobility management. Especially, some new technology should be introduced for interference management, such as flexible duplex, dynamic TDD, etc. When we make frame structure design, it is important to take these new technologies into account. For the phased specification work, forward compatibility of different technologies should be kept.
Observation 4: NR frame structure should consider the forward compatibility of different interference management technologies.
2.5 Faster channel measurement and feedback
The target for peak spectral efficiency should be 30bps/Hz for downlink and 15bps/Hz for uplink. The supporting BS antenna number will be up to 256 and UE antenna will be up to 32. To support such a large number of antennas and meet the low latency requirement, the design of NR frame structure should support fast channel measurement and feedback.
Observation 5: NR frame structure should support faster channel measurement and feedback.
3. Key factors to be considered
When we make the design of NR frame structure, some key factors should be take into account.
3.1 Typical usage scenario

In [2], for eMBB, indoor hotspot, dense urban, rural, urban macro and high speed are proposed. Deployment scenarios for eMTC and ULLHR are still TBD. When we make the design of frame structure, for different deployment scenarios, there should be typical configuration(s). 
Proposal 1: For different deployment scenarios, there should be typical configuration(s).
3.2 Subcarrier spacing

NR should support up to 100GHz. It is not a good choice to use one subcarrier spacing cover such a wide frequency range. It is a natural choice to support different subcarrier spacing for different frequency range. A candidate solution is to specify three subcarrier spacing for 4GHz, 30GHz and 70GHz. For eMBB, such design is a natural choice. However, if multiple traffics, like eMBB, eMTC and ULLHR, are supported in the same carrier frequency, different traffics have different requirements on the latency and reliability. Thus one subcarrier spacing might not meet all the requirements. Therefore, 

Proposal 2: Considering different requirements of traffic types, multiple subcarrier spacing should be supported in one carrier frequency. 

3.3 Subframe length

In LTE, subframe length is fixed as 1ms. As for the NR, one subframe at least should contain one TTI. The TTI length for different frequency or different traffic might be different. If fixed subframe length, like 1ms, is used for different frequency, one subframe will include multiple TTI and for TDD, one subframe might also contain multiple DL/UP switching points. Comparing with fixed subframe length, multiple subframe lengths could provide more flexibility to match different TTI length. 
Proposal 3: Multiple subframe lengths should be considered to match different TTI lengths.

3.4 HARQ

HARQ is one of the most important parts for frame structure design. For FDD system, HARQ design could follow the design principle in LTE. For TDD, there are different options. One option is to follow the design principle of TD-LTE. Different TDD configurations use different HARQ design. Another option is to use self-contained TDD subframe which includes both downlink and uplink in one TDD subframe. If all subframes are composed of self-contained subframe, TDD could also support the same HARQ design as FDD. However, self-contained TDD subframe will introduce GP in each subframe and bring extra spectrum efficiency loss. For indoor hotspot scenario, the coverage range is limited and really short GP could be used. In order to support simple HARQ design and fast CSI feedback, self-contained TDD design should be considered.
Proposal 4: Self-contained TDD design should be considered for some usage scenarios.

4. Conclusion
In summary, the design for NR frame structure should satisfy the requirements of different typical deployment scenarios, make a better use of spectrum resources and fit for different traffic type. We have the following observations:

Observation 1: Wider basic bandwidth should be supported for 5G NR.

Observation 2: It is essential to support in-band deployment for different usage scenarios and traffic types.

Observation 3: Comparing with LTE, lower U-Plane latency for NR will require lower TTI and symbol length.

Observation 4: NR frame structure should consider the forward compatibility of different interference management technologies.

Observation 5: NR frame structure should support faster channel measurement and feedback.
We also give the following proposals:

Proposal 1: For different deployment scenarios, there should be typical configuration(s).
Proposal 2: Considering different requirements of traffic types, multiple subcarrier spacing should be supported in one operation frequency. 

Proposal 3: Multiple subframe lengths should be considered to match different TTI lengths.

Proposal 4: Self-contained TDD design should be considered for some usage scenarios.
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