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1      Introduction

At the previous RAN2#93bis meeting, the Rel.14 FeD2D study item target scenarios were discussed in order to refine the study objectives. The following agreements were achieved:

· The relay UE is connected to the eNB via the Uu interface as a scoping assumption of the study item

· Study relay architecture solutions over both Non-3GPP and 3GPP as per SA1 guidance.  RAN2 should strive to develop a common architecture if possible (based on SA1 requirements). We will treat BT and WiFi the same in this framework.   

· RAN2 will not study any specific enhancements to BT or WiFi but can study any possible sidelink enhancements if necessary.  

· 
The primary objective should be to address power efficiency for the wearable device (this is applicable to all UE categories).  Bit rate improvements are not excluded

· RAN2 will not limit the scope of the SI to a certain UE category as a starting point (i.e. any UE category can be considered and dependent on SA1)

· For now we consider to study how sidelink communication can be done with eMTC BW limitation 

· FFS if we will include NB-IoT UEs based on RAN1 TUs, use cases, and impacts 

· The study item will study the following coverage scenarios: 

· 1) remote UE and relay UE are in-coverage 

· 2) relay UE has a Uu connection to the eNB and remote UE can be in extended coverage  (extended coverage implies that the UE is connecting to the network via Rel-13 MTC or NB-IoT in CE mode) 

· RAN2 assumes that out-of-coverage remote UE and PS specific requirements will not be included in the initial Study Item scope.  SA1 can continue discussions as per their SI scope and if they include out-of-coverage or PS specific requirements RAN2 can discuss their inclusion and prioritization at a later stage. 

· RAN2 will study all the routing scenarios and prioritize as part of the SI phase after understanding impact and gains

· Based on SA1 service requirement and in collaboration with SA2, study service continuity between new relay [CB on terminology] (PC5 or non-3GPP) and QoS aspects

One of the remaining aspects of the FeD2D refined scope is whether the NB-IoT is included into the objectives of the study or not. In this contribution, we discuss the benefits and potential impact of enabling NB-IoT sidelink communication.
2      Discussion
At RAN#71, several companies proposed to include a study part on enabling D2D for eMTC and NB-IoT categories of devices to the FeD2D scope [1]-[3]. This was motivated by a fact that having a single modem for both low cost Uu and D2D communication is a near optimal solution in terms of cost and power consumption assuming low data rate applications. At the RAN2#93bis meeting, the eMTC bandwidth limitation was agreed to be studied for sidelink. The NB-IoT was discussed and the concerns were raised due to potentially increased RAN1 scope. In this section, we discuss the motivation to include NB-IoT into the study item scope as well as the considerations for enabling NB-IoT sidelink communication.
2.1     NB-IoT Sidelink Motivation

Substantial part of 3GPP activities in Rel.12 and Rel.13 were dedicated to enabling Machine Type Communication (MTC) services [4] and Internet of Things (IoT) support [5]-[6]. The main attributes of these use cases are: (ultra) low cost, low power, small form factor and enhanced coverage. The data rate and latency of these use cases are assumed to be tolerated to minimize the complexity and maximize coverage and power efficiency of end devices.

In FeD2D it was proposed to enable cellular IoT devices to communicate with a network through an indirect (relayed) connection in order to optimize power consumption and spectrum efficiency. The indirect communication may either be a 3GPP sidelink communication or any other non-3GPP device-to-device communication technology such as Bluetooth and Wi-Fi. Although the BT and Wi-Fi technologies are already deployed and ubiquitously used in commercial segments, such dual radio devices would require at least two different radio access technologies implemented in a device. However, if the device-to-device communication is provided by the 3GPP sidelink technology, the single radio access technology may be used for both types of communication thus minimizing potential implementation complexity, cost and chip size and therefore enabling sidelink for NB-IoT is beneficial.

In the next section, we share our views on enabling sidelink for NB-IoT from the physical layer perspective and conclude that the study scope may be reasonably shaped assuming the Rel.12/13 D2D and NB-IoT procedures and architecture are reused as much as possible.

2.2     RAN1 Perspective on Enabling Sidelink for NB-IoT Devices

Assuming a wearable/IoT UE will have a NB-IoT Uu interface for direct communication with E-UTRAN at least for a fall-back operation, enabling sidelink functionality with minimal changes to RF and BB of such device may be desirable and should be targeted in order to minimize complexity and cost increase. From physical layer point of view, in order to achieve this target at least the following aspects should be considered in Rel.14 study:

· Waveform. The supported waveform for NB-IoT sidelink communication needs to be decided first. It may either reuse the Rel.12 sidelink assumption that SC-FDMA is applied to all channels or the assumption may be revised taking into account the device complexity of enabling SC-FDMA waveform reception at a low cost NB-IoT device and that the coverage is not the main objective for wearable sidelink communication. The asymmetrical waveform with SC-FDMA transmission and OFDM reception at the NB-IoT may also be considered in order to minimize the additional complexity of enabling additional receiving waveform and trading it to impossibility of direct communication between two NB-IoT devices due to waveform asymmetry. Another candidate is a symmetric OFDM waveform for NB-IoT sidelink, and in this case, the complexity of enabling OFDM transmission capability needs to be assessed.

· Subcarrier spacing and resource size. NB-IoT supports legacy LTE subcarrier spacing of 15 kHz both in DL and UL and 3.75 kHz in UL with single-tone waveform. Additionally, in case of 15 kHz in UL, the schedulable resource may comprise less than 12 subcarriers in order to concentrate transmission energy in a narrowband signal thus increasing coverage. In our view, the narrow subcarrier spacing and narrow resource sizes for the legacy subcarrier spacing are beneficial for extending the signal coverage (for example in case of PRACH procedure). However, the target wearable use case assumes that the relay UE should be in proximity in order to provide a more energy efficient communication link for the wearable/IoT UE. Thus the narrow-bandwidth allocations less than 180 kHz may not be needed for sidelink communication. In other words, a normal sidelink coverage may be targeted with LTE PRB-level allocation granularity. This assumption may reduce the potential study scope, if the RAN1 work load is of main concern.

· Massive repetitions. The enhanced coverage mode for NB-IoT exploits massive repetitions of all physical channels in order to achieve the challenging coverage target of 164 dBm MCL for devices installed in deep indoor or basement level. However as it was discussed in the previous bullet, enhanced coverage is not the main target for NB-IoT sidelink wearable communication and thus massive number of repetitions may not be needed. The potential FeD2D study may consider to focus only on enabling a few number of repetitions that may substantially simplify the design and RAN group efforts.

· Synchronization. The synchronization may be assumed to be always provided by eNB using NPSS and NSSS signals, thus the design of new narrowband sidelink sync signals may not be needed. The case of inter-cell discovery needs to be carefully studied since it requires sync-signal transmission even in-coverage.

· Sidelink physical channels. As it was noted at the last RAN2 meeting, design of new physical channels for narrowband sidelink operation may be required. We note, that the potential changes may not be significant if operation and resource allocation principles and procedures are reused with some adaptations to limit transmission/reception bandwidth to within 180 kHz. For example, the PSCCH already has 180 kHz bandwidth with TBCC channel coding that is fully aligned with current NB-IoT design.

· Other aspects such as larger processing delays, retuning overhead, gaps for synchronization refinement, different behaviour for system information acquisition, etc. should also be taken into account, however those mainly relate to Stage 2 and Stage 3 details that can be considered during normative work.

We note, that according to the above discussion, the study and normative work on enabling the D2D for NB-IoT type of devices may not require substantial efforts in terms of physical layer changes and thus should be included into the FeD2D study item scope.

Observation: Enabling NB-IoT sidelink communication for the target use cases may not require substantial efforts due to potential reuse of Rel.12-13 D2D and Rel.13 NB-IoT aspects.
3      Conclusions

In this contribution, we discussed benefits and also RAN1 related aspects of including the NB-IoT sidelink into the FeD2D scope. Based on the discussion, we draw the following observation and proposal:
Observation: Enabling NB-IoT sidelink communication for the target use cases may not require substantial efforts due to potential reuse of Rel.12-13 D2D and Rel.13 NB-IoT aspects.
Proposal: NB-IoT is considered in Rel.14 FeD2D study item scope.
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