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1 Introduction

At RAN#72, the study item “Further enhanced Device-to-Device communication for wearable IoT and Relays” was approved with the following RAN1 objectives [1]:

	2. Study necessary LTE sidelink enhancements.

a. Introduce additional evaluation assumptions to the sidelink evaluation methodology defined in TR 36.843 focusing on analysis of wearable use cases [RAN1, RAN2].

b. Identify mechanisms to enable QoS, reliable, and/or low complexity/cost & low energy sidelink [RAN1, RAN2, RAN4].

c. Study additional co-existence issues with adjacent carrier frequencies that may arise due to the new mechanisms identified [RAN4].


In this contribution, we provide our views on the RAN1 objective 2b related to sidelink design enhancements targeting wearable, IoT and relay use cases. The contribution is organized as follows. In section 2, we review existing sidelink frameworks introduced in LTE R12-R14 and outline deficiency of current designs in application to new use cases targeted by the study item. Section 3 outlines main requirements and characteristics for sidelink communication targeting wearable, IoT and relay use cases. In section 4, we discuss sidelink enhancements that should be studied for new use cases defined in the study item. We conclude with the list of proposed design principles/directions to be considered at the next meetings for evaluation.

Our proposals for RAN1 objective 2a related to evaluation methodology are provided in our companion contribution [3].
2 Overview of Existing LTE Sidelink Frameworks

Up to date LTE sidelink design covers the following two main use cases: Public Safety Communication (PS) and Vehicular Communication (V2V), each characterized by unique set of KPIs that motivated two different design options for LTE sidelink communication.
2.1 Sidelink PS Communication (LTE R12-R13)
The PS use case characterized by small number of users/groups utilizing sidelink communication capabilities in case of emergency accident. The main technical requirements are long range direct communication, robust to interference that can provide real-time push-to-talk services for public safety officers distributed over scene of incident that can be within / partially or outside of network coverage. The VoIP type of traffic was considered to be one of the most important applications. The broadcast and groupcast communication were prioritized over unicast one due to PS use case specifics. These attributes and requirements determined the main design directions for LTE PS communication in R12 and R13.
The following sidelink functionalities were introduced to LTE specification at physical layer: 

· Sidelink Synchronization. The hierarchical synchronization procedure was introduced to determine UE transmission timing, where primary synchronization source is eNB, followed by in-coverage UE propagating synchronization reference from eNB, which is followed by out of coverage UEs that can serve as independent synchronization sources.
· Sidelink Discovery. The dedicated physical channel (PSDCH) was introduced to support two types of discovery: UE-autonomous discovery with random resource selection within discovery resource pool and eNB controlled discovery process where discovery resource is granted by eNB.
· Sidelink Communication. The new physical channels PSCCH and PSSCH were defined for sidelink control (scheduling assignments/control) and shared (data) channel transmissions. Both channels are defined within corresponding resource pools configured by eNB. Similar to discovery, two communication modes were defined: 1) eNB controlled sidelink communication where eNB grants resources for sidelink transmission, and 2) UE-autonomous where resource for transmission is selected from the (pre)-configured resource pools. The random resource selection was defined for UE-autonomous communication mode.
· Sidelink based UE-to-NW Relaying. The Layer-3 based UE-to-NW relaying was introduced in R13, without additional enhancements for sidelink communication framework.
The main deficiency of R12-R13 sidelink framework is a lack of any optimization targeting unicast communication, including lack of any feedback mechanism at radio-layer, sidelink power control. Moreover, the random resource selection principle is clearly not optimized for wearable/IoT and relay use cases targeted by the current study item, especially if devices with narrow bandwidths are considered like eMTC, NB-IoT, etc.

2.2 Sidelink Vehicular Communication (LTE R14)

The sidelink based V2V communication was mainly designed for road-safety and driver awareness applications. In terms of sidelink communication vehicular use cases are characterized by much higher density of vehicles and relatively low rate periodical or event driven transmissions with packet sizes up to 1200 bytes (typical packet size < 400 bytes). The main requirement was to enable mission critical communication by meeting 100 ms latency and 90% reliability requirements of V2V services within a certain communication range (e.g. 320 m in Freeway scenarios).

The high vehicle density, quasi-periodic traffic nature and the need to meet latency and reliability requirement motivated another design direction in terms of sidelink resource allocation and resource selection aspects. Similar to the LTE R12-R13 frameworks, the eNB controlled and UE-autonomous communication modes were introduced with multiple changes in terms of control signaling and UE behavior. First of all, for UE-autonomous resource allocation mode the sensing based resource selection procedure was standardized that relies on semi-persistent resource reservation. The principle of semi-persistent sidelink transmission was also introduced for eNB controlled sidelink V2V communication. In addition, for sidelink synchronization the GNSS was enabled as primary synchronization reference at least for out of coverage scenarios.
The developed sensing procedure for V2V resource selection assumes always on devices that monitor all control channel transmissions and try to receive data from all shared channel transmissions due to broadcast communication nature in vehicular networks.
The physical structure and UE behavior was optimized for vehicular use cases that target operation under high speed propagation conditions and aim to improve reliability of communication, especially for large distances. In order to reach these design goals the performance metrics such as UE power consumption, sidelink data rates were of lower priority for system design and thus it is difficult, if possible to reuse the V2V framework for sidelink wearable or IoT use cases.

2.3 Summary on Existing Sidelink Frameworks

The existing LTE R12-R14 sidelink frameworks are optimized for the specific target use cases and scenarios, however it is difficult to completely reuse the considered design frameworks for wearable, IoT and enhanced relaying due to the reasons stated in the observation below:
Observation 1
· The existing sidelink frameworks are not directly applicable for wearable, IoT and enhanced relaying due to lack of considerations on the following design aspects:

· Power efficiency of UE sidelink communication;
· Low cost and low complexity sidelink implementation for UEs with narrow bandwidths (1 PRB and 6 PRBs);
· Unicast communication, including sidelink link adaptation / power control / feedback mechanisms;
· Efficient resource management / allocation, especially for UE-to-NW relaying use cases.
Therefore, the existing LTE sidelink communication frameworks need to be enhanced to efficiently serve new use cases targeting wearable, IoT and relaying services.

3 Requirements for Sidelink Wearable/IoT/Relaying
Key attributes for wearable and MTC
The wearable and MTC devices have unique attributes and technical requirements. For wearable/MTC devices, the small form factor, low power consumption and cost/complexity are the most important design targets. In addition, the energy and spectrum efficient connection to cellular network is one of the most critical considerations for all modern wearables and MTC terminals that can optimize network performance in general and prolong operation time without re-charging/re-placing battery.

Specific of wearable
For wearable use case, it is rather typical that most of the time cellular wearable(s) are within a proximity range of assisting cellular devices (e.g. smartphone, tablet, etc.), which do not have such a strict constraints in terms of form-factor, battery capacity, cost/complexity. The assisting cellular devices can be utilized to provide cellular connectivity and thus reduce power consumption of wearables at the expense of some additional power consumption of assisting cellular devices. In wearable scenarios, it is quite common that wearables and assisting cellular terminals have the same owner and form a personal IoT network. In terms of device complexity and data rates, the wearables may be of two types: 1) low end wearables: characterized by low cost / low complexity / low rate / low power consumption and 2) high end wearable, that require high data rates and low power consumption, while the cost and complexity are considered as the secondary design targets.
Note: in the next sections we will interchangeably use the term assisting cellular terminal as a Relay UE, while the wearable/MTC UE looking for Relay UE assistance, we will call Remote UE. This is to have a common description of different use cases.
Specific of MTC
In general, the MTC centric use case rely on more opportunistic relaying capabilities, which means that MTC terminals and assisting cellular terminals may have different owners, although it does not preclude the case when group of MTC terminals and group of assisting cellular terminals belong to the same owner. Another attribute of MTC terminals is a limited RF bandwidth capabilities, e.g. up to 1 PRB in case of NB-IoT and up to 6 PRBs in case of eMTC. The limited bandwidth is one of the main factors to reduce complexity and cost of the MTC terminal. The same consideration is valid for low-end cellular wearable that can use NB-IoT and eMTC air-interface for network connection.
Importance of relaying
For both wearable and MTC use cases, the proximity of assisting cellular terminals in many cases can help to significantly improve their own KPIs and have a positive impact on the overall cellular network performance and resource utilization especially if MTC terminals are in coverage limited conditions. The efficient UE-to-NW relaying mechanism in this case is crucial for both efficient network operation and performance of wearable/MTC devices.

Device types for relay and remote UEs
The LTE Uu air-interface supports various number of cellular device categories. In recent LTE releases, the new Uu radio-protocols were designed targeting IoT use cases. The majority of them are covered by the Cat. M1 (eMTC) and Cat. N1 (NB-IoT) capable devices, that currently do not support sidelink capabilities. For cellular wearables, additional device categories such as Cat.0 or Cat.1 are also often considered. All of these low-end device categories have certain constraints in terms of maximum processing bandwidth, peak rates and implementation complexity.
For relaying operation, the high-end Uu air-interface should be considered with higher priority for assisting cellular terminal (Relay UE). It is quite natural to assume that Relay UE with high-end Uu capabilities (supporting the full system bandwidth processing) may be also rather capable in terms of sidelink operation (e.g. support full system bandwidth and possibly multiple SL capabilities). At the same time, considering the main use cases of the study item, the Remote UE is supposed to have low end Uu capabilities because of the low cost, complexity and power consumption considerations, therefore it is natural to assume that it should support low complexity/cost & low energy sidelink, i.e. low end PC5 capabilities (narrow band sidelink). Table 1 shows in green color the combinations of Uu and PC5 air-interface capabilities that are reasonable to assume for Relay and Remote UEs in current work.
Table 1: Combinations of Uu and PC5 interface capabilities for Relay and Remote UEs.
	Relay UE
	Remote UE
	High end capabilities == support of full system bandwidth

Low end capabilities == support of narrow bandwidth (1 PRB or 6 PRBs)

	High end Uu + High end PC5 capabilities
	Low end Uu + High end PC5 capabilities
	

	High end Uu + Low end PC5 capabilities
	Low end Uu + Low end PC5 capabilities
	


It should be noted that by high end Uu capabilities, we assume devices that support operation in whole system bandwidth, i.e. Cat 1+ device capabilities, while by low end capabilities, we assume devices with peak rate or bandwidth restrictions such as Cat M1 and Cat N1. The same considerations are valid for PC5 air-interface.
Proposal 1
· For Relay UE, the full system bandwidth processing capability at Uu and PC5 air-interface is assumed.
· For Remote UE, the following options are considered:

· Option 1. The narrow bandwidth processing capability at Uu and PC5 air-interface (i.e. Cat M1, Cat).
· Option 2. The full system bandwidth processing capability at Uu and PC5 air-interface is assumed.
4 Discussion on Sidelink Enhancements

4.1 Sidelink Synchronization

The synchronous sidelink discovery and communication can operate in partial network coverage, within or outside network coverage scenarios, thanks to sidelink synchronization procedure that defines UE behavior in different scenarios. Currently, all devices follow common synchronization procedure. For wearable/IoT use cases, the existing sidelink synchronization procedure and signals may need to be revised.

4.1.1 Physical Structure of Sidelink Synchronization Signals/Channels
The physical structure of sidelink synchronization signals (PSSS/SSSS) and channels (PSBCH) occupy frequency bandwidth of 6 PRBs, which excludes possibility to synchronize over sidelink for NB-IoT type of devices. In this case, the NB-IoT devices may be either limited to eNB based synchronization only or sidelink based synchronization signals/channels need to be modified.
4.1.2 Synchronization Procedure

Synchronization in time and frequency is a first step that UE performs. UE is expected to scan for synchronization sources before transmission of any sidelink signal. This process is rather time and energy consuming, especially for narrow band terminals that may need to scan multiple frequencies to detect synchronization reference even inside of the system bandwidth. Therefore additional synchronization enhancements may be considered to improve initial synchronization for devices operating with narrow bandwidth.
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Figure 1: Scanning for sync signal.

Another consideration, is whether NB-IoT and eMTC devices should serve as a sidelink synchronization references. There are at least two reasons to avoid transmission of SLSS/PSBCH signals by such devices: 1) increased UE power consumption; 2) downgraded synchronization accuracy (narrow band signals and low cost oscillators).
4.1.3 Synchronization Assistance

For initial acquisition, it may be natural to monitor eNB synchronization signals and use it as a reference. However, when initial timing and communication with assisting cellular terminal (Relay UE) are established, it is beneficial to utilize assisting UE as a reference. This mode of operation may be especially beneficial for UEs with single RX chain in case of paired FDD spectrum and bidirectional communication mode, since UE (Remote UE) may keep its RX chain tuned to the sidelink channel of assisting UE. In addition, instead of monitoring multiple eNB references in a background mode, it may be easier to rely on sync assistance information shared by assisting cellular UE, which anyway is expected to perform cell-selection and reselection procedures and RRM measurements. Therefore, the paired mobility mode may be defined to significantly reduce power consumption of Remote UE (wearable/MTC terminal).
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Figure 2: Synchronization Assistance

4.1.4 Summary on Sidelink Synchronization

For sidelink synchronization, the eNB can be used as a synchronization reference, however, for bandwidth limited devices with low complexity and limited number of RX chains, it could be beneficial to follow synchronization of assisting cellular terminal, propagating eNB timing. In this case, assisting device which is in proximity of remote UE, can play the role of synchronization donor (sidelink radio head) and perform all necessary cell selection/reselection functions instead of target Remote UE. 
The sidelink synchronization procedure for Cat N1 type of devices needs to be reconsidered including physical structure of SL synchronization signals and structure occupying 6 PRBs in a legacy system.
Observation 2
· Relay UEs (assisting cellular terminals) can serve as a synchronization donors for sidelink synchronization of proximate Remote UEs, even for the case when remote UEs are in-coverage.

· Sidelink physical structure of PSSS/SSSS/PSBCH and synchronization procedure needs to be reconsidered for bandwidth limited UEs in order to simplify and reduce power consumption of sidelink synchronization process.
4.2 Discovery Enhancements
The PSDCH channel was introduced for energy efficient sidelink discovery, assuming that terminals can process the whole system bandwidth. This channel is allocated periodically in time with long duty cycle that facilitates power efficiency. The FDM of discovery resources enables discovery of multiple transmissions from a single subframe. However, bandwidth limited devices cannot process the whole PSDCH bandwidth and thus existing discovery process can take a long time and even may be inefficient due to random resource selection and thus excessive power consumption. Therefore additional enhancement to discovery process may be necessary for bandwidth limited wearable/MTC devices. In particular, the discovery of the Relay UE may be time and energy consuming for narrow bandwidth devices and thus additional enhancements should be considered.
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Figure 3: Discovery challenges by bandwidth restricted devices.
4.2.1 Physical Structure of Sidelink Discovery Channel
The single PSDCH transmission occupies two PRBs exceeding the bandwidth of NB-IoT type of devices. In addition, the payload size of single PSDCH transmission (which is currently 232 bits) needs to be reduced in two times approximately in order to fit to one subframe. Alternatively, the transport block may span at least two subframes.
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Figure 4: Incompatible PSDCH physical structure for 1 PRB BW restricted devices.
4.2.2 Discovery Procedure

As it was mentioned above, the discovery reception process for narrow band devices may be inefficient, especially if wideband PSDCH pools are allocated or multiple discovery pools are configured. As an alternative, instead of discovery reception, the wearable/MTC devices can announce themselves in discovery resources (i.e. transmit discovery) seeking for a response. As a response, the assisting cellular device, e.g. Relay UE can respond in a PSCCH/PSSCH/PSDCH resources, which is associated/linked with the discovery resource occupied by the wearable/MTC terminal. The linkage between discovery transmission resource and resource for reception for any of sidelink channels can simplify many higher layer procedures when narrow bandwidth sidelink devices are used and can be provided by remote UE in a discovery message itself.
4.2.3 Discovery Assistance

The network can help to increase efficiency of discovery procedure, if it provides the pairing information for wearable/MTC device and assisting cellular terminal. For instance, the network can be aware which resources are being monitored by wearable/MTC device and provide this information to the assisting cellular terminal or vice versa. This procedure can help to make discovery process more efficient. In principle, the discovery assistance can be implemented following eNB controlled discovery, where discovery resource for transmission is granted by eNB. In considered scenario, eNB can also configure discovery resource to be used for reception. In extreme case, the eNB may help to establish connection between two devices even w/o using legacy discovery process.
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Figure 5: Discovery challenges by bandwidth restricted devices.
4.2.4 Summary on Sidelink Discovery
For bandwidth limited terminals, the legacy sidelink discovery procedure is either not efficient in terms of discovery rate or UE power consumption. The discovery procedure may be enhanced with help of eNB assistance (e.g. by providing assistance information in terms of discovery or communication resources to be monitored for reception or used for transmission). The bandwidth limited UEs may perform transmission only, so that their discovery messages are processed by cellular assisting UEs (Relay UEs). It should be noted that the latter approach is not consistent with current UE-to-NW relay discovery procedure, where best Relay UE is discovered by processing PSDCH channel. In addition, the linkage between discovery and communication resources may be needed in order to efficiently establish communication upon discovery event.
Observation 3
· For bandwidth limited UEs,

· Sidelink discovery procedure is not efficient either in terms of discovery rate or power consumption
· eNB assistance can be used to improve discovery performance, especially for UE-to-NW relay discovery procedure.
· Physical structure of PSDCH channel needs to be reconsidered.

· Linkage between discovery and communication resources may help to simplify initiation of fast connection
4.3 Communication Enhancements

4.3.1 Fundamentals of Energy Efficient Communication

For energy efficient communication with infrequent transmissions (typical traffic for MTC terminals or low end wearables), terminals should be in switched off state most of the time. Therefore the mechanisms of fast (re)connection should be considered on top of possible periodic wakeup and polling processes of remote terminals. In order to save power and time for fast connection, the dedicated resources/channels may be allocated.
The reduced sidelink functionality at remote UE is another key factor to lower complexity and increase energy efficiency. For instance, at least in terms of sidelink operation device may support transmission only, reception only or both functionalities and simplified L1 sidelink processing.
Given that the time of active transmission/transaction is linearly proportional to radiated energy (energy consumption), it is also desirable to enable fast transfer time rather than transmit packets over long transmission duration.
Observation 4
· For energy efficient communication with infrequent transmissions, at least the following key aspects should be considered
· UEs should be in off state most of the time;
· Mechanism for fast connection or reconnection to assisting cellular UE;
· Low complexity sidelink functionality (e.g. transmission only, reception only, simplified baseband complexity);
· Minimization of the session / packet transfer time.

4.3.2 Resource Allocation
According to LTE R12-R14 design, the sidelink communication is possible only within preconfigured sidelink resource pools (PSCCH/PSSCH). Multiple pools can be configured by eNB for sidelink operation. Following, the R12-R13 behavior, UE can randomly select pool and resource within a pool for its own transmission.
For wearable and MTC terminals, it may be impossible to operate within a whole bandwidth, especially from reception perspective. Therefore, frequency sub-channelization should be considered for sidelink communication. Currently, frequency sub-channelization can be achieved through configuration of multiple resource pools. However, at the moment there is no mechanism to assign particular pool for sidelink operation and even if it is defined it may be not the best technical option in terms of resource usage within pool, if R12 behavior is preserved. The frequency allocation to be used for sidelink transmission/reception needs to be assigned to narrow-band Remote UE. The resource assignment can be done either by eNB or by assisting cellular devices (Relay UE) under eNB control. In our view, the Relay UE (cellular assisting UE) should have ability to assign resources for sidelink transmission/reception, i.e. serve as a sidelink radio head.
4.3.3 Radio-Resource Management

For sidelink wearable and MTC scenarios, the assisting cellular terminal may need to operate with multiple devices (Remote UEs). In case if assisting cellular UE supports connection with multiple terminals it needs to be able to efficiently manage resources between Remote UEs in order to provide conflict free operation (i.e. perform function of sidelink radio head). In case if assisting cellular UE can operate in a wide bandwidth, it may multiplex transmission/reception from and towards Remote UEs either in frequency or time. At least from reception perspective, it is already a common assumption for sidelink operation but may require additional considerations for wearable and IoT use cases, including enhancements in terms of sidelink power control.
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Figure 6: Radio-resource management by assisting cellular device (Relay UE).

Observation 5
· Support of wearable and UE-to-NW relaying use cases may require radio-resource management function at the cellular assisting UE (Relay UE) in order to support concurrent communication with multiple Remote UEs or avoid conflict in terms of cellular and sidelink operation.
· The radio-resource management function can be enabled at Relay UE (cellular assisting UE) under eNB control.
4.3.4 UE-to-NW Relaying

Switching between Uu and PC5 air-interfaces

According to legacy UE-to-NW relaying behavior, the criteria to serve as a Relay UE depends on the RSRP threshold towards eNB, which was enabled mainly to support partial coverage scenario, when Relay UE are pushed to cell border. It is clear that this is not a reasonable option at least for a wearable use case and when power consumption of Remote UE is a dominant factor. Therefore additional criteria for Uu and PC5 switching may be evaluated.
Conflict free operation with cellular links

Random resource selection defined for sidelink communication in R12-R13 is energy inefficient for sidelink relaying. The Remote and Relay UEs are supposed to randomly select resource for transmission in case of autonomous operation. The sidelink resource selection decisions can conflict with each other and more importantly conflict with transmission and reception on cellular link, so that Relay UE will need to drop SL transmission because of concurrent UL transmission. The energy efficient relaying implies conflict free operation on cellular links and sidelinks and therefore mechanism to coordinate resources for transmission and reception on cellular and sidelinks are necessary (i.e. across eNB, Relay UE and Remote UE). One of the ways to avoid conflicts on sidelink is to assign transmission and reception resource for Remote UE by Relay UE or eNB. At this moment there is no such a signaling defined for sidelink, since relaying introduced in R13 is transparent to radio-layer, at least from communication perspective.
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Figure 7: Conflict free operation in terms of transmission/reception for UE-to-NW Relaying.
Multi-hop and UE-to-UE relaying

In general, the UE-to-NW relaying may be extended to multiple hops and UE-to-UE relaying. However, in our view this functionality may be needed in a relatively small number of use cases and therefore should not be a part of radio-layer optimization in the scope of the current study item, not precluding such functionality at upper layers.
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Figure 8: Multi-hop and UE-to-UE relaying.
Relaying modes
When UE-to-NW relaying is designed, it is important to discuss whether a bidirectional relaying (i.e. DL and UL relaying) or unidirectional (i.e. DL or UL relaying) are to be supported. In our view, the bidirectional relaying mode is a more general option that can be also applied in partial coverage. On the other hand depending on future progress in design it may happen that unidirectional communication may require reduced Remote UE complexity especially in FDD spectrum where the single RX chain of the terminal can be tuned to DL carrier and avoid retuning from DL to UL and back. Therefore we recommend RAN1 to study both design options, focusing on bidirectional relaying mode with higher priority due to it more universal nature.
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Figure 9: Bidirectional and unidirectional relaying modes.
Observation 6
· Additional criteria can be considered to perform switching to UE-to-NW relaying mode on top of the existing mechanism utilizing RSRP based switching.
· Sidelink enhancements can be introduced to enable conflict free operation for UE-to-NW relaying.
· Both bi-directional and uni-directional relaying modes needs to be analyzed by RAN1 in terms of UE complexity with initial focus on bi-directional mode.
4.3.5 Sidelink Power Control

The sidelink power control is another missing component that was not introduced mainly due to broadcast nature of sidelink communication. For wearable use case and for relaying, the unicast type of sidelink communication is a more typical scenario. Therefore, the benefits of sidelink power control need to be evaluated to reduce power consumption at sidelink transmitter and reduce the level of interference at sidelink due to excessive transmission power for short range communication.
Observation 7
· Sidelink power control should be evaluated from UE power consumption perspective and coexistence with cellular operation.
4.3.6 Sidelink Link Adaptation / Feedback

For sidelink operation in R12-R14, there is no any mechanism for sidelink link adaptation (CQI adjustment/reporting). The CQI level to use for transmission is either determined by UE implementation or pre-configured by eNB. Besides CQI, there is no even mechanism to inform transmitter about packet error at the receiver side, given that multicast/broadcast nature of communication was assumed as a main focus for sidelink R12-R14 design. For wearable and MTC use cases, at least radio layer mechanism for error recovery should be introduced in order to ensure more reliable communication/forwarding and also as a mechanism to save power, which can prevent unnecessary retransmissions at higher layers causing additional UE power consumption.
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Figure 10: Bidirectional and unidirectional relaying modes.
Observation 8
· Sidelink feedback mechanism may benefit both reliability of unicast communication and UE power consumption. RAN1 needs to study benefit of using L1 and L2 feedback for different scenarios.
· Link adaptation based on standardized CQI reporting / adjustment mechanisms may lead to increased complexity with no evident gains especially in case of infrequent transmissions

4.3.7 Baseband Complexity
Waveform and FEC considerations
For wearable and MTC scenarios, the complexity of the terminals is of high importance. The support of sidelink in eMTC and NB-IoT terminals should not add significant complexity to Remote UEs (wearable and MTC) terminals. Therefore careful considerations should be made in terms of waveform and FEC schemes utilized for sidelink communication between assisting cellular terminal (Relay UE) and Remote UEs. For cellular operation these devices receive OFDM waveform and transmit SC-FDMA waveform. In addition, NB-IoT terminals do not have CTC decoder but do have CTC encoder. Therefore it needs to be discussed whether NB-IoT terminal should use CTC decoder for sidelink or TBCC should be preserved. In general, it may be possible to emulate eNB type of transmission on sidelink resources by Relay UE (assisting cellular terminal), which may be almost transparent in terms of Remote UE demodulation behavior, but will increase complexity of Relay UE.
Half-Duplex
For eMTC and NB-IoT types of terminals, the HD mode of transmission is a main mode of operation due to cost/complexity reduction considerations. The specific of HD operation should be considered when sidelink is integrated to NB-IoT and eMTC terminals.

Amount of RX chains
The single RX chain is another important consideration for NB-IoT and eMTC type of devices and should not be reconsidered when sidelink is integrated. For Relay UE, it may be considered to enable devices that utilize one chain for DL reception and one chain for sidelink reception, instead of having two chains for both DL and SL reception in case of FDD.
5 Summary

In this contribution, we provided discussion on sidelink physical layer enhancements for wearable and IoT use cases. In summary, we observe that existing sidelink frameworks are not optimized for new use cases and require enhancements to enable low cost and low energy operation over sidelink air-interface. Therefore, we propose to study the following sidelink enhancements for wearable and IoT use cases:
Proposal 2
· Study the following sidelink enhancements in application to wearable/IoT uses case and evolved UE-to-NW relaying
· Sidelink synchronization
· Sidelink discovery
· Sidelink communication

· Resource allocation
· UE resource management functions

· UE-to-NW relaying enhancements
· Sidelink power control

· Sidelink feedback mechanisms

· Baseband complexity considerations for simplified sidelink integration to eMTC/NB-IoT types of terminals
Based on the identified directions of potential sidelink enhancements, we propose to introduce the following subsections to the section 5.2 LTE sidelink enhancements the 3GPP TR 36.746:

Proposal 3
· Introduce the following subsections to the section 5.2 LTE sidelink enhancements of the 3GPP TR 36.746
5.2.1. Sidelink synchronization
5.2.2. Sidelink discovery
5.2.3. Sidelink communication
5.2.3.1. Resource allocation
5.2.3.2. UE resource management functions
5.2.3.3. UE-to-NW relaying enhancements
5.2.3.4. Sidelink power control
5.2.3.5. Sidelink feedback mechanisms
5.2.3.6. Others
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