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1 Introduction
A study item is starting in RAN working groups to identify and evaluate solutions for New Radio (NR) access technology [1]. One objective of the study is to target a single technical framework addressing all usage scenarios, requirements and deployments scenarios in a forward compatible manner. 

The usage scenarios include enhanced mobile broadband (eMBB), massive machine-type-communications (mMTC) and ultra reliable and low latency communications (URLLC) and there is a requirement to enable efficient multiplexing of corresponding traffic on the same contiguous block of spectrum.

The deployment scenarios include one where NR is tightly integrated with LTE and can operate in licensed bands, or in unlicensed bands in a license-assisted manner. Stand-alone operation of NR at least in licensed bands is also included. NR is to support frequency ranges up to 100 GHz.  

The variety of usage and deployment scenarios targeted by NR calls for the design of a flexible framework comprising a number of key enabling technical features. This contribution provides an overview of such features for the following aspects of the framework, focusing on RAN1-related functionalities: 
- Framing and numerology

- Multiplexing and scheduling

- Deployment (including spectrum usage)

2 Framing and numerology
NR needs to support usage scenarios that have very different requirements in terms of latency and coverage. For example, URLLC operation may require very low user plane latency (0.5 ms) but no particularly stringent coverage requirement, while the opposite applies to some mMTC scenarios. This suggests that the optimal transmission time interval (TTI) may also be different between those scenarios. Enhanced mobile broadband (eMBB) also benefits from low user plane latency especially for TCP transfers. The low user plane latency requires not only that the TTI duration, but also the round trip time (RTT) of HARQ be sufficiently short. 

The reduction of TTI and HARQ RTT required in NR for certain usage scenarios can be accomplished by the following features, taking LTE as a reference:
· Using fewer symbols per TTI and/or shorter symbol durations;
· Reducing the decoding delay of the transmission and the HARQ A/N transmission delay;
· Reducing the overhead and latency from control signaling required per TTI; 

Reduction of the decoding delay may involve opting for certain types of channel codes that would require less decoding complexity compared to turbo codes, as discussed in companion contributions [3]-[4]. The reduction of HARQ-ACK transmission delay (and other feedback) may require more flexibility or dynamic control of the timing of such transmission, particularly for TDD operation.
Reduction of the overhead of control signaling per TTI can be realized by splitting the control information in two parts, one applicable to a set of multiple TTI’s and the other applicable to a single TTI. For example, resource allocation information could be provided in a single instance of control signaling for a group of TTI’s. This is described in more detail in a companion contribution [5].
The symbol duration is constrained by channel characteristics such as delay spread and coherence time that can vary considerably over the range of supported frequencies and deployments. It is unlikely that a single numerology can be used for all scenarios as the largest possible symbol duration considering the coherence time and phase noise at mm-wave frequencies is smaller than the smallest possible symbol duration considering the maximum delay spread expected in scenarios at lower frequencies (e.g. below 6 GHz). One can envision that NR supports at least 3 symbol durations (or sub-carrier spacings), where one symbol duration may be the same as LTE, another symbol duration approximately 4 to 5 times shorter than LTE and applicable for frequencies in cm-wave range and below, and another (even shorter) symbol duration applicable to the mm-wave range. The need for measurement-based adaptation of symbol duration and/or other numerology parameters to channel conditions experienced by the UE should be studied.
3 Multiplexing and scheduling

A primary consideration for design aspects related to multiplexing and scheduling is the need for maintaining efficient usage of resources while satisfying requirements of the traffic occupying these resources. Frequency-division multiplexing and multi-user MIMO remain essential features and need to be achievable in an efficient way. Orthogonal multi-carrier (OFDM) schemes, which are inherently well suited for this, should be considered as baseline. Further enhancements to spectrum efficiency may be achievable for transmissions by the UE by using advanced waveforms such as ZT DFT-S-OFDM or UW DFT-S-OFDM, which are analyzed in a companion contribution [6]. Non-orthogonal schemes that may allow faster access to uplink resources should also be considered [7].
The introduction of new usage scenarios to be supported in NR creates some challenges for spectrum efficiency. For example, the scheduling delay of URLLC traffic should be minimal or even eliminated. This could in principle be accomplished by reserving resources (e.g. in frequency domain) only for URLLC traffic, but such approach would waste a lot of spectrum given the sporadic nature of this traffic. A better approach might be to allow URLLC traffic to be transmitted in the same pool of resources as other traffic, occasionally resulting in short interference bursts. Smooth performance degradation can be achieved by processing the data in a way that makes it more robust to short term interference. For example, one possible technique would be to apply fountain encoding to code blocks prior to traditional FEC encoding, such that a transport block can be decoded successfully despite the loss of a single code block affected by a short-term burst of interference.
In some scenarios a UE may have to support multiple types of traffic at the same time, such as URLLC and eMBB. The scheduling approach used for the uplink in LTE, where the network takes all scheduling decisions based on buffer information provided by the UE, may become impractical with shorter TTI’s and required scheduling delay. A more practical approach could consist of allowing the UE to perform some scheduling decisions (e.g. prioritization, multiplexing and power allocation between different types of traffic) within an allocated pool of resources. This approach could also be applied to sidelink transmissions.
4 Deployment

The framework should offer a smooth migration path for operators where advanced features can be introduced in a phased approach. This implies that NR can operate in different types of spectrum (FDD, TDD, unlicensed) and that tight interworking with LTE is supported from the beginning. This also implies that the design is made inherently forward compatible and/or includes specific mechanisms for forward compatibility such as “blank” resources. 

One key aspect of the design related to these goals is the minimization or elimination of signals that are expected to be always transmitted by the network for access and mobility (measurement) purposes. Another aspect is to introduce more flexibility in the provision of signals and resources for functions such as link adaptation, demodulation, timing adjustment and interference measurement. More details are available in a companion contribution [8]. This approach has the additional benefit of reducing energy consumption by the network.
Another aspect is a control channel design allowing for adaptation to any bandwidth and capable of supporting operation in unlicensed band. The split of physical layer control information in different instances discussed earlier can also be useful from this perspective.
Finally, tight integration with LTE may mean that NR operation can rely on LTE signals, when available, for some physical layer functionality and/or for access and mobility. It may also be feasible to operate NR within a portion of resources of an LTE carrier. Higher-layer aspects related to integration with LTE are discussed in a companion contribution [2].

5 Summary and conclusion
This contribution presented an overview of a flexible framework envisioned for NR. The following Table summarizes the main features of the framework.
	Framework aspect
	Features

	Framing and numerology
	-Support for multiple TTI’s and symbol durations
-Low latency decoding

-Low HARQ-ACK transmission delay
-Control signaling split

	Multiplexing and scheduling
	-Orthogonal multi-carrier baseline
-Advanced UE transmission waveform

-Physical layer processing robust to short bursts of interference

-UE-based scheduling within allocated pool of resources

	Deployment
	-Minimization of always-on signals
-Blank resources

-Flexible provision of reference signals and resources
-Use of LTE signals in tightly integrated LTE-NR scenarios


6 References

[1] RP-160671, “Study on NR New Radio Access Technology”, Study Item Description.
[2] R2-162785, “Architecture-related Aspects for Interworking between NR and LTE”, InterDigital.

[3] R1-162927, “Design considerations on channel coding with very large blocklength”, InterDigital.

[4] R1-162928, “Design considerations on channel coding with short blocklength”, InterDigital.

[5] R1-162579, “Numerology and frame structure for New Radio”, InterDigital.

[6] R1-162925, “Design considerations on Waveform in UL for New Radio systems”, InterDigital.
[7] R1-162922, “Discussion on Multiple Access for New Radio systems”, InterDigital.
[8] R1-162578, “Reference signal principles for New Radio”, InterDigital.

3/3
2016-04-01

