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Introduction
RP-160671 SID 5G new RAT aims to develop an NR access technology to meet a broad range of use cases including enhanced mobile broadband, massive MTC, critical MTC, and additional requirements defined during the RAN requirements study. 

The new RAT will consider frequency ranges up to 100 GHz [TR38.913].
Detailed objectives of the study item are:
(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 
(2) The new RAT shall be inherently forward compatible
· It is assumed that the normative specification would occur in two phases: Phase I (to be completed in June 2018) and Phase II (to be completed in December 2019)
· Phase I specification of the new RAT must be forward compatible (in terms of efficient co-cell/site/carrier operation) with Phase II specification and beyond, and backward compatibility to LTE is not required
· Phase II specification of the new RAT builds on the foundation of Phase I specification, and meets all the set requirements for the new RAT. 
· Smooth future evolution beyond Phase II needs to be ensured to support later advanced features and to enable support of service requirements identified later than Phase II specification.
(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)
· 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
(4) Study and identify the technical features necessary to enable the new radio access to meet objective 1 and 2, also including:
· Tight interworking between the new RAT and LTE 
· Interworking with non-3GPP systems
· Operation in licensed bands (paired and unpaired), and licensed assisted operations in unlicensed bands
· [Standalone operation in unlicensed bands is FFS]
· Efficient multiplexing of traffic for different services and use cases on the same contiguous block of spectrum
· Stand alone operation in licensed bands
Note 1: The scope of Phase I will be determined when agreeing on Phase I WID(s).
Note 2: Stated KPI values and deployment scenarios to be aligned to scenarios and requirement SI outcome
(5) Provide performance evaluation of the technologies identified for the new RAT and analysis of the expected specification work 

(6) Identify relevant RF parameters used to be used for sharing and co-existence studies

(7) Study and identify technical solutions that enable support for wireless relay

In this contribution, we present our consolidated views.  

Requirements
      The following requirements are requirements are provided as input for phase-1 study.
1. Waveforms and multiple access
Peak-to-Average-Power-Ratio (PAPR): The next generation RAT (NR) prefers to employ a modified version of OFDM waveform that offers very low PAPR.  In particular, operation in high frequency bands would be limited by the transmitter power both in downlink and uplink directions. Waveform that offers near unit PAPR allows the power amplifier (PA) to operate near saturation region with high output power. Power increase obtained by low PAPR operation allows range expansion for cell edge users. DFT-precoded OFDM can be modified to design waveforms with near unit PAPR. 
Out-of-Band-Emissions (OBE): The high OBE of OFDM can be reduced using techniques like windowing and filtering. Waveforms with low OBE permits multiple operators to operate in adjacent channels. NR is expected to adopt OFDM based waveforms employing windowing/filtering techniques.
Flexible TDD: Many new bands that are expected to open up in high frequency range as well as in sub-GHz bands (for e,g,. TV white spaces) that requires TDD operation. The NR should offer high degree of flexibility in configuring the system in FDD or TDD mode. Also, the bandwidth available in the cellular frequencies are limited and precious, feasibility of performing full duplexing (FD) operation shall be explored to improve the spectral efficiency. Moreover, the new radio should be capable of handling Massive MIMO operation, FD radio provides opportunity to use channel reciprocity for estimating the channels of very large number of antennas at the transmitter side.
Latency: The frame structure should be optimized to support latency requirements of mobile broadband and massive MTC. 
Licensed and unlicensed operation: Flexible frame structures and flexible MAC protocols to support both licensed and unlicensed operation including license assisted access (LAA).
2. Mmwave applications
Mmwave operation is expected to be utilized for both wireless back-haul as well as for front-haul. A mmwave access point is expected to provide a peak date rate of 10Gbps with varying cell radius of up to 200 meters in non-LoS deployment and up to 1.5 Km in LoS case. The waveform and multiple access that is agreed in phase-1 shall be forward compatible to meet the stated requirements for mmwave operation.
3. Cloud RAN
CRAN is being considered for large scale deployment by several operators. All software implementation and centralized operation is expected to provide a significant reduction in CAPEX and OPEX. In dense areas with high traffic and limited spectrum, CRAN offers a substantial increase in radio capacity, effective hand-off management using enhanced COMP operation. We envisage CRAN to support both fiber based and Ethernet based distributed RRH. Our field trails based on Non-linear precoding based multi-cell MU -MIMO demonstrate significant gain in network spectrum efficiency (SE). The SI shall consider enhanced COMP operation based on non-linear precoding
4. Device to Device Communication
The new radio interface shall support efficient device to device communication, which can also be used to offload traffic and also act as relays to enhance coverage or capacity or both
5. Wireless Relays
The new radio interface shall support efficient single hop and multi-hop relay operation using in-band well as out of band operational modes. 
6. Interworking with WLAN
The new radio interface shall support efficient tight interworking with existing WiFi standard and its future evolution. 
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