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Introduction
A new study item on new Radio Access Technology (RAT) [1] was approved in RAN#71. The objectives of the new study item are copied from [1] below:
· The study aims to develop a new RAT 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 (NR) will consider frequency ranges up to 100 GHz [2].

(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
Meanwhile, the following was agreed in RAN1#84b [3]:
Agreements:
· Study enhanced massive MIMO analog/digital/hybrid beam-forming.

This contribution discusses main components to construct a single unified technical framework of the new RAT, in light of the massive MIMO analog/digital/hybrid beamforming (BF) that can be deployed in all usage scenarios, requirements and deployment scenarios in any frequency bands up to 100GHz.
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Figure 1. Components for the unified technical framework for NR
Figure 1 shows the components to consider for defining the unified technical framework for NR. It would be ideal if the unified framework is able to support any combinations in the figure. 
Unified support of the usage scenarios: A unified framework for supporting multiple usage scenarios (or verticals) is discussed in a companion contribution [4]. It is FFS whether or not the framework should support eNB’s deploying multiple numerologies in a same carrier for different use cases. Even when it is supported, whether to deploy a single or multiple numerologies in a carrier is a design choice of network vendors and the operators. In the UE perspective, UE should be able to operate with a single numerology on a given carrier in some cases, e.g., when the UE capability/category support only a single numerology. Even when UE supports a single numerology, the framework can be designed in such a way that the two use cases of eMBB and URLL can be supported. In one example, the numerology choice is such that a sufficient number of information bits can be transported in a short TTI (e.g., 0.2 ms) for satisfying the URLL KPIs; with this numerology choice, eMBB requirement can also be satisfied with allocating a long TTI with small RS/control signaling overhead. One such numerology choice is to scale the LTE numerology by 5 times, in which case subframe duration is 0.2 ms, subcarrier spacing is 75 kHz and number of OFDM symbols per subframe is 14. 
Band-agnostic framework: In RAN1#84b, band-agnostic numerology specification has been discussed in [5]. It is a common understanding that the RAN1 specs can be written in a band-agnostic manner, and band-specific restriction can be handled in the RAN4 specs. On the other hand, it is also true that some parts of RAN1 specs are written numerology-specific; for example, number of OFDM symbols in a subframe and number of subcarriers in a PRB are a specific constant in the current RAN1 specs, which deeply affects the PHY specifications, e.g., PUCCH design, PUSCH control & data multiplexing, etc. Hence, if RAN1 decides to support multiple numerologies in a same carrier in NR, the specification & standardization efforts may increase, which has to be carefully studied rather than hasten to making a decision. Setting aside the numerology, the RAN1 specification may be able to be written mostly band agnostic. 
BF-scheme adaptive framework: Regarding a BF scheme, a network vendor and/or an operator can choose a specific BF scheme in a deployment scenario, considering various aspects, such as deployment cost, KPIs to support, coverage, number of antenna elements, etc. In 30-GHz dense-urban small cells, hybrid-BF relying on a relatively large number of antennas (e.g., 256 elements) may be selected, in order to compensate the large path & penetration loss and to provide eMBB data rate KPIs. On the other hand, in 30-GHz indoor scenarios in which the basic coverage may be able to be achieved with small number of antenna elements without a large beamforming gain, digital-BF can be selected. The analog/hybrid BF may also be useful for providing a wide coverage with a 4GHz carrier, e.g., up to a few km ISD. It would be desirable if the RAN1 specification can support these various BF schemes in a unified framework and in a band-agnostic manner. 
Design aspects of BF-scheme adaptive framework
Focusing more on the BF-scheme adaptive framework, in this section, design aspects of a unified framework to support various BF schemes are discussed.
One specification impact to allow the unified framework for supporting various BF schemes could be the initial access related operations. For analog/hybrid BF, a beam-sweeping may be necessary to provide initial access coverage for the whole coverage area [6]; on the contrary, for digital BF, legacy LTE type of initial access signal transmission may be sufficient. Figure 2 shows example downlink frame designs for the two different BF modes. How to provide a unified specification related to the initial access with these two different BF modes is FFS.



Figure 2 Example of downlink frame: (a) Digital BF mode; (b) Analog/Hybrid BF mode

Another specification impact is related to the number of supported analog beams per TXRU for analog/hybrid beamforming. How many analog beams to support in a given system is a design choice, the decision of which can be made considering similar aspects used for deciding a BF scheme. For 30-GHz dense urban small cells equipped with a not-so-massive number of antenna elements, a couple of beams may be sufficient to provide basic coverage and eMBB KPIs as the coverage area is relatively small. On the other hand, for 30-GHz macro cells equipped with a massive number of antenna elements, a relatively large number of beams may need to be supported, as the coverage area is much larger than the small cell case. Hence, the framework should be able to support various options with regards to the number of supported analog beams per TXRU, for analog/hybrid BF based operations. 

Conclusions
The proposals of this contribution are summarized below:
Proposal 1: The single technical framework should be able to support:
· Multiple usage scenarios, e.g., eMBB and URLLC, even when a UE supports a single-numerology in a carrier. 
· FFS multiple numerologies in a carrier.
· Band-agnostic operations
· Digital/Analog/Hybrid BF

Proposal 2: The following aspects should be considered in designing BF-scheme adaptive framework:
· The framework supports initial access and RRM measurements with and without beam sweeping operations of analog/hybrid beamforming.
· For the beam sweeping operations, NB number of analog beams are supported per TXRU, where NB = 1,…, NB,max can be selected by the network.
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