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1 Introduction

The study item scope on “Further enhanced Device-to-Device communication for wearable IoT and Relays” [1], [2] is not limited to any particular UE category. Up to date, design options to support eRemote UEs with 6 PRB BW restrictions were extensively discussed. The following agreements have been made with respect to support of eRemote UEs with 1 PRB bandwidth limitation:
	Agreement
· BW limitations are supported for evolved ProSe Remote UEs;

· RAN1 focuses on UEs that can transmit and receive in at least 6 PRBs at the upcoming meetings (till RAN1#89);

· RAN1 can study whether 1 PRB BW limitation can be supported by reusing solutions similar to the ones defined for 6 PRB case at least for physical layer design.


In this contribution, we continue discussion and analyze physical layer enhancements necessary to support UEs with 1 PRB BW limitations.

Our considerations on general sidelink enhancements (i.e. applicable to any UE category) for synchronization, discovery and communication targeting wearable and IoT use cases are provided in our companion contributions [3]-[14]. The analysis of performance benefits from the considered sidelink enhancements is presented in [4]-[6]. In this contribution, we additionally argue that identified general sidelink enhancements are equally applicable to UEs with 1 PRB bandwidth limitations.
2 Sidelink Enhancements to Support 1PRB BW Limited UEs
2.1 Waveform

Sidelink is based on SC-FDMA waveform similar to uplink. As of now NB-IoT terminals use OFDM waveform for reception in DL and SC-FDMA waveform for transmission in UL. If we follow sidelink design principles then SC-FDMA waveform should be used by UEs with 1 PRB bandwidth limitation even for reception. Alternatively eRelay UE may communicate with eRemote UEs using OFDM waveform and eRemote UE can use SC-FDMA waveform for communication with eRelay UE. In general both approaches can be used and the one that has less specification impact is preferred. In our view, asymmetric waveforms have more impact on RAN1 specification as well as definition of more demodulation requirements in RAN4 WG. In addition if asymmetric waveform is agreed then sidelink communication between eRemote UEs with 1 PRB bandwidth limitation will be precluded. Taking into account these factors SC-FDMA waveform for both transmission and reception by bandwidth limited UEs is preferred.
Proposal 1
· SC-FDMA waveform is used for sidelink transmission and reception by UEs with 1 PRB bandwidth limitation.
2.2 Sub-PRB Allocation

NB-IoT UEs with one PRB bandwidth restriction also support sub-PRB transmission modes including single tone operation. These operating modes are mainly designed for coverage extension. Given that currently there is no target to maximize sidelink coverage the sub-PRB based resource allocation modes can be deprioritized in order to reduce specification efforts at least in the current release. Note that sub-PRB allocation may also negatively affect UE power consumption due to increased transmission time to deliver fixed amount of data.
Proposal 2
· Support of sub-PRB transmission is deprioritized in current release.

2.3 Forward Error Correction Scheme

NB-IoT UEs use different FEC schemes for UL transmission (CTC – convolutional turbo code) and DL reception (TBCC). Legacy sidelink operation supports both schemes CTC and TBCC depending on sidelink channel (CTC for PSSCH and PSDCH) and (TBCC for PSCCH and PSBCH). Considering impact on UE complexity the TBCC channel coding scheme is preferred to be defined for all sidelink physical channels. It should be noted that such design choice does not increase complexity of other UEs that support both CTC and TBCC channel coding schemes.
Proposal 3
· UEs with one PRB bandwidth limitation use TBCC as a channel coding scheme for all sidelink physical channels.
2.4 Sidelink Synchronization

2.4.1 Synchronization Signals (SLSS) and Broadcast Channel (PSBCH)
The current physical structure of SLSS (PSSS/SSSS) and PSBCH occupy 6 PRBs of frequency bandwidth, which excludes possibility to synchronize over sidelink for UEs with 1 PRB BW limitation (e.g. Cat NB1). If no changes are introduced, then BL UEs (with one PRB bandwidth limitations) may be constrained to eNB synchronization only. This contradicts to the current RAN1 WG agreement that in-coverage eRelay UE can serve as a synchronization source for in-coverage eRemote UE. In order, to support this scenario, new physical structure for sidelink synchronization signals and PSBCH needs to be defined.

Observation 1
· New SLSS / PSBCH physical structure is needed to support BL UEs with maximum processing BW equal to 1 PRB.

Proposal 4
· Define 1 PRB physical structure for SLSS / PSBCH to support UEs with 1 PRB BW constraints.
The legacy PSBCH content may be almost reused and can easily fit into the new PSBCH sidelink physical structure with 1 PRB BW restriction. 
Other synchronization enhancements agreed by RAN1 WG and discussed in our companion contribution are applicable to any UE categories, including UEs with one PRB bandwidth restriction.

2.5 Sidelink Discovery
2.5.1 Discovery Channel (PSDCH)
Physical sidelink discovery channel is based on two PRBs. In addition due to quite large payload size (232 bits + 24 bits CRC) it uses CTC as a forward error correction scheme. It is clear that PSDCH channel needs to be redesigned. The following design options are possible:
· Option 1. Define 1 PRB / 1 TTI physical structure and reduce payload size.
· Option 2. Define 1 PRB/ 2 TTIs physical structure and keep the same payload size.

· Option 3. Define 1 PRB/ 1 TTIs physical structure and increase modulation order (e.g. to 16-QAM).

In all options tail-biting convolutional code should be used as it was discussed in the previous sections.
The first option, if it is introduced, will have impact on other WGs (e.g. RAN2, SA2). It is possible to reduce message size given that even current content of PC5-DISCOVERY message size for UE-to-NW Relay announcement, solicitation and response [TS 24.334] has at least 80 spare bits. If these bits are removed then reasonable code rates can be achieved even for 1 PRB physical structure. The second and third options mainly have impact on RAN1 WG while the impact on other WGs can be relatively small unless new content is added to discovery messages.

In our view the specific design option for discovery physical structure to support UEs with 1 PRB bandwidth restriction can be defined in a work item phase.

Proposal 5
· For support of UEs with 1 PRB bandwidth limitation, down-select proper discovery design option during the normative phase of work item

2.6 Sidelink Communication

2.6.1 Control Channel (PSCCH)
The LTE R12/13 sidelink control channel already supports physical structure with 1 PRB for single transmission. This structure may be reused with modifications in terms of SCI format and content. The control signaling content depends on the future agreements with respect to resource allocation discussions relevant to resource pool configurations that is currently open for all UE device categories [11]. One of the important considerations here is to enable PSCCH and PSSCH transmissions in time division multiplexing from single UE perspective, which is inline with the agreement made at the previous meeting.
2.6.2 Shared Channel (PSSCH)
The LTE R12-13 sidelink shared channel already supports 1 PRB sidelink transmission. However as it was discussed in [11] the R14 sidelink resource configuration framework is more beneficial for wearable and IoT use cases and can be easily supported. In order to support 1 PRB UEs relying on R14 pool design it should be allowed to multiplex in time PSCCH and PSSCH transmissions from single UE.
2.6.3 Resource Allocation Modes

The identified eNB controlled and eRelay UE assisted resource allocation modes can be extended to support UEs with 1 PRB bandwidth limitation without additional impact on specification (i.e. same design principles can be reused).
3 Consideration on Sidelink Enhancements
Sidelink enhancements identified by RAN1 WG in FeD2D framework are quite general and are equally applicable to UEs with 6 and 1 PRBs bandwidth capabilities. Therefore the same design principles and UE/eNB behavior in terms of synchronization, discovery and communication can be reused for UEs with 1 PRB bandwidth restrictions, i.e. without introducing specific behavior for UEs with 1 PRB bandwidth restrictions. The latter may not be applicable to all design proposals and can be used as a good guideline for specific design proposals.
Proposal 6
· Enhancements of synchronization, discovery and communication agreed for UEs with 6 PRB bandwidth limitations are reused for UEs with 1 PRB bandwidth constraints.
4 Performance Evaluation
In our companion contribution, we provided evaluation results for UEs with 6 PRB bandwidth restrictions. The proposed sidelink design enhancements provide significant performance benefits for eRemote UEs in terms of discovery efficiency, downlink and uplink packet throughput and energy efficiency. In this section, we provide performance summary of enhanced relaying comparing to the direct communication in application to UEs with 1 PRB bandwidth limitation.
In this subsection, we provide performance evaluation for the following set of the proposed enhancements for sidelink communication (more details on evaluation assumption can be found in [4], [5]:

· Enhanced sidelink power control based on UE-UE channel quality measurements;
· Link adaptation and feedback;
· Relay UE assisted resources allocation.
Results of system level evaluations are shown in Figure 1 for both wearable centric (Scenario 1) and IoT/MTC centric (Scenario 2) scenarios.
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Scenario 1, N = 10, M = 2, FTM Model 2, 10 kB
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Scenario 1, N = 10, M = 2, FTM Model 2, 10 kB
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Scenario 2, N = 40, M = 70, aperiodic MAR-like model
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Scenario 2, N = 40, M = 70, aperiodic MAR-like model


Figure 1: Communication performance for eRemote UEs with 1 PRB BW restriction
5 Conclusions
In this contribution, we analyzed additional specification impact to enable sidelink for UEs with 1 PRB bandwidth. We observe that sidelink enhancements of synchronization, discovery and communication being discussed so far in RAN1 WG are equally applicable for any UE category (including UEs with 1 PRB bandwidth). In terms of specification impact, support of 1 PRB UEs requires additional work to define new physical structures at least for SLSS/PSBCH and PSDCH. We notice that higher specification impact is expected however under assumptions that 1) similar design principles are applied to all UEs categories and 2) sub-PRB allocation is not considered, we conclude that it is feasible to design sidelink in a way that UEs with one PRB bandwidth restriction are supported. In addition, our system level evaluations provided in this document show that considered sidelink enhancements are beneficial for NB-IoT type of UEs and can provide significantly higher energy efficiency for remote UEs. Therefore based on the analysis we propose to incorporate the text proposal provided below to the TR 36.746:

Proposal 7
· Support identified sidelink enhancements for UEs with 1 PRB BW restrictions.
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Appendix – Evaluation Assumptions

	Parameters
	Scenario 2

	Resource allocation
	Resource pool PSCCH, PSSCH: 4, 36 subframes respectively. All subframes are shared with UL

PSCCH is not explicitly modeled. It is taken as an overhead.

	Remote UE maximum TX power
	23 dBm

	Relay UE maximum TX power
	23 dBm

	UL power control
	P0 = -100 dBm, α = 1

	D2D power control
	Enhanced: UL power control settings with compensation of UE-UE pathloss, P0 = -96 dBm, α = 1

	Relay selection criteria
	DL: Relay selection based on best D2D RSRP which are lower than the Uu link RSRP

UL: Relay selection based on best D2D pathloss which are lower than the Uu link pathloss

	Feedback assumption
	For Relay operation, virtual RLC level acknowledgement is assumed

	D2D link adaptation
	Enhanced: Based on large scale channel measurements and target SNR

	Number of transmissions
	Enhanced: Selected based on large scale channel measurements and target SNR

	Traffic model
	Scenario 1: FTP Mode 2, fixed packet size of 10 kB, 5 sec mean reading time
Scenario 2: FTP Model 3 with Pareto packet size distribution 20-200 byte, shape parameter alpha 2.5, and packet arrival 7 per second per cell

	Transmitter imperfections
	For 1 PRB UEs, modeled as an OOB mask without in-band components.

	Power consumption model
	Low complexity UE relative model. For UL, only TX power component is counted. For DL, only subframes with actual PSSCH or PDSCH transmissions are counted.
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