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1. Introduction

At the RAN#71, Study on New Radio Access Technology has been approved [1]. The objective of this study includes all usage scenarios, requirements and deployment scenarios defined in [2], i.e., eMBB, mMTC and URLLC. This contribution provides our initial views on mMTC and URLLC for NR access technology. The overview on eMBB is also discussed in our companion document.

2. Requirement for mMTC and URLLC

2.1. mMTC

The main objective of the study on mMTC is to support massive connectivity targeting a connection density of 1,000,000 device/km2. This requirement hasn’t been addressed for the existing LTE work on MTC. For the targeted scenarios for mMTC, urban macro scenarios are considered as in [2] using lower frequency bands, e.g., 700 MHz. Considering that the current LTE commercial services are widely deployed using lower frequency bands in many regions, in-band operation with LTE as in NB-IoT may need to be considered. Hence, as long as lower frequency bands are also assumed for the NR access technology, numerology and/or frame structure similar to Rel-13 eMTC and NB-IoT with 15 kHz-subcarrier spacing can be considered as a starting point. However, for designing NR access technology, backward compatibility with the LTE is not required, i.e., legacy signals such as the CRS and PDCCH do not need to be taken into account. We note that this situation is similar to guard-band and stand-alone operations for Rel-13 NB-IoT. 
Observation 1: The main objective of mMTC for NR is to support massive connectivity.

Observation 2: Backward compatibility with LTE is not considered for NR even if co-operation with LTE in the same band is to be considered.

2.2. URLLC

Several use cases, e.g., eV2X and eHealth, are considered as a family of URLLC. Further break down of use case where ultra-low latency is necessary. For example, current URLLC use case includes any data rate communication within its scope. Typical contents for high data rate communication is video. However, if contents of communication are from visual sensor, e.g., live video streaming and LIDAR, additional processing delay is expected for encoding/decoding and object recognition. For example, latency of 16.7 ms is equivalent to single frame in video stream with 60 fps. Therefore, feasibility of latency optimization in radio layer targeting high data rate (video or video-equivalent) needs to be clarified in RAN and SA1 – It is possible that remote surgery and AR/VR requires 1-10 milliseconds latency with visual feedback [3] – Furthermore, for eV2X use cases, impact on the latency and reliability due to mobility including handover needs to be considered. 

Observation 3: Services for URLLC can be categorized by data rate. Support of high data rate with ultra- latency needs further study.

3. Candidate technology solutions for study

In this section, we describe some options to meet the requirements described in Sect. 2.
3.1.  mMTC

Control channel and procedure-less transmissions
An issue to support massive connectivity would be the overhead due to the control channels and UE dedicated radio resource. In order to solve this issue, UL grant less transmission, e.g., a contention-based transmission, can be considered. If the time alignment among UL data transmissions is achieved through random access, a sort of UL non-orthogonal transmission can be considered with less amount of UL grant. In this case, application of advanced receiver at the eNodeB would be required. If the time alignment among UL data transmissions is not assumed, then contention based transmission with simplified random access procedure, e.g., message-based random access, where the RACH preamble, control information, and data are jointly transmitted, would be considered. 
Network densification by deploying cost efficient eNodeBs
Another approach to cope with massive connectivity is to deploy different eNodeB in a dense traffic area. In this case, a cost-efficient NW deployment is highly desired in terms of HW/baseband cost and cost to place eNodeBs. For instance, for those eNodeBs targeting mMTC, the entire system BW wider than 100 MHz and high transmission power are not required and a narrowband operation with low complexity would be sufficient. Deploying different eNodeBs is also beneficial to resolve coverage issue. If the example scenario where narrower band eNodeB which is geographically separated from wideband eNodeB in the same frequency band is targeted (Fig. 1), lean carrier/subframe structures (for wideband eNodeB) would be required to avoid interference. Also, in order support different eNodeB with different BW in the same frequency band, techniques related to filtering/windowing are needed.
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Figure 1 – Example of deployment scenarios and potential technologies for mMTC.

3.2. URLLC

Low latency with HARQ retransmission

For URLLC, some of eMBB structure, e.g., subcarrier spacing and frame structure would be reused to support of ultra-low latency. Additional latency reduction using smaller number of symbols per TTI would be discussed if further optimization is necessary. Nevertheless the tight requirement on latency, it is obvious that achieving high reliability (e.g., packet reception probability of 10-5) with single transmission/multiple repetitions is inefficient in terms of spectrum efficiency. HARQ retransmission with ACK/NACK feedback is essential to achieve high reliability without significant degradation in spectrum efficiency. As observed in LTE V2X, smaller resource occupancy due to less open-loop retransmission may also contribute to reduce interference level. Since available number of open-loop and closed-loop HARQ will be limited according to the requirement on the latency, HARQ retransmission with low latency including self-contained subframe needs to be studied.

Reliability enhancement

Once available number of retransmission is identified according to latency requirement, frame structure and HARQ timeline, required enhancement level for each channel by single transmission is discussed. In downlink, wider bandwidth contributes to enable transmission with lower modulation order, lower coding rate and spreading. In uplink, massive antenna at eNB enables massive reception diversity. Depending on the detailed use case and requirement, additional link diversity, e.g., multi-point transmission/reception and D2D communication is also considered. Especially if high data rate (larger TB size per transmission) support is considered, additional enhancements by link diversity would be necessary since lower MCS may not be possible for large TB size and large TB size results in wideband data transmission with decreased PSD in uplink.

4. Forward Compatibility

Supporting scalable physical signal design

The requirements for mMTC and URLLC/eMBB are extremely different. Considering that new features are introduced for various BWs in later releases, scalable BWs would be supported. However, a range of scalable BW would be different for different usage cases. For example, a range of 20 MHz to several hundred MHz would be targeted for eMBB and URLLC, while a range of 15 kHz to a few MHz may be sufficient for mMTC (Fig. 2). In any cases, for a certain usage case (e.g., mMTC), scalable BW should be considered from the beginning of the study and signal design should be common as much as possible. We note that, in Rel-13, signal design for eMTC (1.08 MHz) and NB-IoT (180 kHz) is different, which should be avoided in NR.
Enabling blank time/frequency resources 
In order to efficiently support different usage cases having different requirements in the same frequency band (e.g., Fig. 1), enabling blank time/frequency resources is essential functionalities as shown in Fig. 3. By allowing for such blank time/frequency resources in a wider BW, any signal design would be possible in the later releases. 
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Figure 2 – Scalable signal design for NR.


Figure 3 – Blank time/frequency resources.
5. Conclusion
In this contribution we provided our initial views on mMTC and URLLC for NR and propose the following.
Proposal 1: For a certain usage case, the scalable BW is supported and common signal design should be considered. 

Proposal 2: Enabling blank time/frequency resources should be considered when designing the general frame structure for NR.
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