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Introduction
At the 3GPP TSG RAN#71 meeting, new study item (SI) description regarding the “Study on New Radio Access Technology” was approved [1]. The aim of the new study item is to develop a “New Radio (NR)” access technology which operates in frequency ranging up to 100 GHz and requires supporting a wide range of use cases such as enhanced mobile broadband (eMBB), ultra-reliable low-latency communications (URLLC), massive machine type communication (mMTC) in a single technical framework. This contribution discusses a technical framework to support various services, e.g. eMBB, URLLC, and mMTC in NR.
Requirements for the Main NR Use Cases
As stated in SID [1], one of the main objectives of “Study on New Radio Access Technology” is to study a single technical framework addressing all usage scenarios, requirements and deploy scenarios defined in TR38.913 [2]. The three main use cases considered for NR are enhanced mobile broadband (eMBB), ultra-reliable and low-latency communications (URLLC), and massive machine type communications (mMTC). In addition, other use cases, for example, enhanced Multimedia Broadcast Multicast Service (eMBMS) can also be considered for 5G. 
These various use cases for NR have diverse requirements in terms of data rates, latency, and coverage. eMBB is expected to support peak data rate (20Gbps for downlink and 10Gbps for uplink) and user experienced data rates in the order of three times IMT-Advanced. On the other hand, in case of URLLC, the tighter requirements are put on ultra-low latency (0.5ms for UL and DL each for user plane latency) and high reliability (1-10-5 within 1ms). Finally, mMTC requires high connection density (1,000,000 devices/km2 in urban environment), large coverage in harsh environments ([164 dB] MCL), and extremely long-life battery for low cost devices ([15 years]) [2]. 
To support these use cases with diverse requirements in a single technical framework, the system framework design needs to take into account various aspects, such as waveform and multiple access scheme, numerology and frame structure, and time-frequency resource allocation. 
Technical Framework to Support the NR Use Cases
The following was agreed in RAN1#85 [3]: 
Agreements:
· Forward compatibility of NR shall ensure smooth introduction of future services and features with no impact on the access of earlier services and UEs
· Multiplexing different numerologies within a same NR carrier bandwidth (from the network perspective) is supported
· FDM and/or TDM multiplexing can be considered

Therefore, NR use cases, e.g. eMBB, URLLC, mMTC, and eMBMS can be multiplexed with different numerologies (e.g., subcarrier spacing, TTI duration, and so on) in the same frequency band or component carrier. In [4], various options to support different use cases in a single technical framework have been discussed. One option is to allow FDM/TDM of different types of subframes and/or subbands with different subcarrier numerologies (i.e., different subcarrier-spacing values and correspondingly different OFDM symbol lengths) within a same carrier bandwidth, where the different subcarrier-spacing values are chosen according to the specific requirement of use cases. For example, URLLC needs to apply shorten TTI for satisfying low latency requirement and it can be possible by employing wide subcarrier spacing value. However, its low latency requirement can be also achieved by applying single subcarrier numerology within a same carrier bandwidth. For instance, LTE latency reduction framework can configure shortened TTI by decrease the number of OFDM symbols in a TTI and for the case that eMBB employs wide subcarrier-spacing value, e.g. 75 kHz, the latency requirement for URLLC can be naturally achieved without considering different subcarrier numerology. In addition, for supporting different subcarrier numerology within a same NR carrier bandwidth, eNB needs to add some hardware components, e.g. FFT components, filters for reducing inter-numerology interference, and so on. For these reasons, it can be expected that some network venders prefer a single subcarrier numerology to support the different use cases as an implementation choice. Therefore, a framework for supporting different use cases based on single subcarrier numerology as well as multiple subcarrier numerologies can be further studied.

Proposal 1: Study a framework for supporting different use cases in the same bandwidth with a single subcarrier numerology as well as multiple subcarrier numerologies.

For supporting the different use cases in a single framework operating on a single subcarrier numerology, the following two representative cases can be further studied. 
· Case 1: 15kHz subcarrier spacing & 1 ms subframe length (with 14 OFDM symbols per subframe)
· Case 2: 75kHz subcarrier spacing & 0.2 ms subframe length (with 14 OFDM symbols per subframe)
In case 1, to fulfil the URLLC requirement, shortened TTI which consists of smaller OFDM symbols than 1 subframe is necessary to be introduced, similarly as done for the LTE latency-reduction study. In case 2, the latency requirement for URLLC can be naturally achieved with setting the URLLC TTI length smaller than or equal to the subframe length. However, a longer TTI length which is larger than 1 ms duration is likely to be preferred to eMBB in this case, in order to minimize the control and the RS overhead. 


Figure 1. Example of framework considered in LTE LR Study
The LTE latency-reduction study has been considering for applying short TTI and FDM of different use cases (e.g., normal TTI which is equal to 1 subframe duration and short TTIs), as shown in Figure 1 [5]. However, the LTE latency-reduction framework has some inefficient points due to scheduling restriction. For example, unused resources of PRB region for short TTI cannot be allocated for use case of the normal TTI. Also, it is mainly focused on the latency reduction and does not consider for improving the reliability. Therefore, the framework for efficient multiplexing normal and short TTIs in case 1 of NR should be further studied.


Figure 2. An example of framework for Case 2.
On the other hands, in case 2, the latency requirement can be easily satisfied although case 2 was excluded from LTE LR study for preserving backward compatibility.. However, in this case, it is expected that the eMBB spectral efficiency can be drastically decreased due to increasing control and RS overhead. Thus, it is necessary to support a longer duration TTI for eMBB and to apply the well-designed control channel and the RS structure for long TTI. As an example of alternative for case 2, bundling for several normal TTIs can be considered as shown in Figure 2. However, the optimal design for control channel and RS structure to minimize the overhead should be investigated according to the number of normal TTIs for bundling. Also, when the eMBB traffic load is increased, most normal TTIs can be bundled for supporting eMBB, which causes the increase of URLLC latency due to the lack of available normal TTI resources. Therefore, efficient ways to support eMBB and URLLC with minimum impact on other traffics should be further studied.

Proposal 2: Study a framework to support URLLC and eMBB in the same bandwidth with a single subcarrier numerology, for the following two cases:
· Case 1 (narrow subcarrier spacing): eMBB is supported with a baseline TTI length, and URLLC is supported with a shorter TTI length
· Case 2 (wide subcarrier spacing) : URLLC is supported with a baseline TTI length, and eMBB is supported with a longer TTI length

Conclusions
In this contribution, we discussed technical frameworks for multiplexing various verticals in NR. It can be summarized as below.
Proposal 1: Study a framework for supporting different use cases in the same bandwidth with a single subcarrier numerology as well as multiple subcarrier numerologies.
Proposal 2: Study a framework to support URLLC and eMBB in the same bandwidth with a single subcarrier numerology, for the following two cases:
· Case 1 (narrow subcarrier spacing): eMBB is supported with a baseline TTI length, and URLLC is supported with a shorter TTI length
· Case 2 (wide subcarrier spacing) : URLLC is supported with a baseline TTI length, and eMBB is supported with a longer TTI length
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