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1. Introduction
The NR access technology is required to deliver satisfactory user experience of various usage scenarios, e.g., enhanced mobile broadband services, massive MTC, and ultra-low latency and reliable communications [1, 2]. In this contribution, we present our initial views on eMBB for NR access technology. The overview on mMTC and RLLC is discussed in our companion document [3].
2. Potential key technology components and the related open issues
For eMBB operation, a key issue is how to utilize very wide range of carrier frequencies of up to 100GHz under various environments while offering better performances compared to LTE. For a lower carrier frequency, the issues have so far been addressed in the last decade, and thus LTE or LTE-like technologies including the basic radio parameters continue to be utilized as a part of NR. On the other hand, LTE may not be the optimal technologies for the newly identified scenarios targeting wider system bandwidths at higher carrier frequencies, in which different propagation channel properties and new challenges for eNB/UE implementation are expected. Firstly, the radio parameters and numerologies in LTE will not be optimal for higher carrier frequencies. For example, support for ultra-wide bandwidth (e.g., 200 MHz) through only carrier aggregation is not efficient. Another example is that a subcarrier spacing of 15 kHz (symbol length of 66.67 usec) is no longer robust against the impact of phase noise at a higher carrier frequency and increased Doppler frequency. The study on NR would be good opportunities to introduce new radio parameters to tackle with these issues. Secondarily, for a higher carrier frequency, there are more TDD spectra for the candidate frequency band. However, LTE frame structure based on TDD is too restrictive to support a variety of future services. Hence, more flexible signal and frame designs are highly desired in NR. The other issue regarding higher frequency band is how to ensure the moderate coverage. Generally, the coverage at higher carrier frequency is very limited. However, thanks to a higher carrier frequency, many more antennas can be assumed. Hence, massive antennas/site transmission/reception techniques should be fully exploited in NR. Below, the potential key technology components addressing the above issues are presented.
1: Scalable numerology parameters suitable for various scenarios and potential new waveform [4, 5]
OFDM-based waveform would be a promising design principle for achieving high spectral efficiency with a reasonable complexity and should be assumed for NR as a baseline. As pointed out above, numerology parameters defined for LTE may not be optimal to offer satisfactory performance at higher carrier frequencies using wider bandwidths and hence, new numerology parameters should be studied for NR. In order to support various scenarios, scalable numerology parameters could be a starting point [4]. The feasibility and benefit of modified OFDM-based waveform can also be studied [5].
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Fig. 1
Scalable numerology parameters.
Proposal 1:
· Study numerology parameters for OFDM-based waveform for NR.

· Scalable numerology parameters can be a starting point.
· Feasibility and benefit of modified OFDM-based waveforms can also be studied.
2: Lean radio-frame with flexible dynamic TDD [6]
At higher carrier frequencies, TDD would be the promising duplex mode. However, it is desirable to ensure introduction of a variety of potential future services and hence, flexible frame structure design is required. In order to address this issue, we propose lean radio-frame with flexible dynamic TDD [6].
The basic concept of lean radio-frame is to minimize UE-common pre-defined/pre-configured channels/signals, and concentrate them onto a specific subframe (called fixed DL subframe in this contribution) transmitted from eNB with a certain periodicity. The necessary channels/signals on the fixed DL subframe and their periodicities could be different depending on its scenario/use-case. For example, when the NR carrier is stand-alone and provides initial-access related functions, at least, signal(s) for timing/frequency synchronization, channel(s) for broadcast information, and RS(s) for TP discovery/measurement, should be transmitted in the fixed DL subframe with certain periodicities. When the NR carrier is not stand-alone and assistance/cooperation from the other LTE/NR carrier is available, it is not necessary to transmit broadcast information in the fixed DL subframe, and the periodicity of some other channels/signals/RSs could be longer, since the assisting LTE/NR carrier could indicate rough timing for discovering/measuring the NR carrier to each UE. In an extreme case, if the NR carrier is co-located and contiguous with the other LTE/NR carrier, all the functionalities considered in the fixed DL subframe may not be necessary; the fixed DL subframe can be removed. Such lean radio-frame is combined with flexible dynamic TDD which is operated using the radio resources other than the fixed DL subframe (called dynamic subframe in this contribution). The dynamic subframe should be utilizable flexibly and UE-specifically, e.g., DL data, UL data/UCI, DL sounding RS (i.e., CSI-RS), UL sounding RS, or random access preamble, should be schedulable, per subframe basis. The dynamic subframe should also be able to be blanked completely if eNB does not schedule anything. Furthermore, HARQ-related timings (e.g., DL/UL re-transmissions and HARQ-ACK feedback) should also be able to be flexible enough [6]. By realizing such per-subframe-based dynamic/flexible operation, forward compatibility can be ensured [7].
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Fig. 2
Concept of lean radio-frame with flexible dynamic TDD.
Proposal 2:

· Consider lean radio-frame with flexible dynamic TDD as a candidate radio frame design for NR.

· Study design/procedure of dynamic subframe such that highly flexible TDD operation is enabled.
· Study design/procedure of fixed DL subframe such that various scenarios can efficiently be supported.
3: Native support for massive MIMO/virtual cell
At higher carrier frequency, the communication range is limited due to large propagation loss. This can be compensated by beam-forming techniques and/or ultra-dense deployment of transmission points (TPs). These would also be effective to mitigate interference. As such, exploiting massive antenna elements would be essential to achieve extremely high performance at higher carrier frequencies.
For beam-forming, various techniques can be considered, e.g., analog/digital/hybrid beam-forming. Depending on use-cases/scenarios and carrier frequencies, feasible operation/implementation of beam-forming could be different. Effective beam adaptation techniques and CSI feedback mechanisms should be investigated taking the above points into account. For ultra-dense deployment of TPs, the concept of ‘physical cell’ may not be useful since it could cause frequent cell association changes and corresponding overhead increase; a UE-centric operation where the UE does not need to be aware of which TP transmits signal can be assumed as a default instead. This could also realize seamless support of traditional cell-splitting operation and CoMP-like cell-coordination operation. 
Proposal 3:

· Study native support for massive MIMO and/or virtual cell operations for NR.

· Various massive MIMO operations/configurations should be investigated.

3. Conclusion
In this contribution we present our initial views regarding eMBB operation on NR access technology and proposed following so that higher carrier frequencies under various environments can be efficiently supported.
Proposal 1:

· Study numerology parameters for OFDM-based waveform for NR.

· Scalable numerology parameters can be a starting point.
· Feasibility and benefit of modified OFDM-based waveforms can also be studied.
Proposal 2:

· Consider lean radio-frame with flexible dynamic TDD as a candidate radio frame design for NR.

· Study design/procedure of dynamic subframe such that highly flexible TDD operation is enabled.
· Study design/procedure of fixed DL subframe such that various scenarios can efficiently be supported.
Proposal 3:

· Study native support for massive MIMO and/or virtual cell operations for NR.

· Various massive MIMO operations/configurations should be investigated.
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