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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 [1]. At RAN1#88, major agreements on evaluation methodology for FeD2D scenarios were made [2]. Based on the agreements reached at the last meeting and additional proposals to resolve the FFS points captured in [3], we provide preliminary FeD2D evaluation results for the agreed scenarios. Our views on design aspects that should be analyzed during the study item are provided in our companion contributions [4]-[7].
2 System Level Evaluation Results
In this section we provide preliminary evaluation of system level FeD2D operation in different deployment scenarios. The evaluation assumptions agreed at the last meeting and clarified in our companion contribution [3] are used.
2.1 Evaluated Schemes
There are four general relaying types to be considered and analyzed during the study item:

· Type 1: UL relaying

· A: In-band: D2D and UL are deployed on the same carrier

· B: Out-of-band: D2D and UL are deployed on different carriers

· Type 2: DL relaying

· A: In-band: D2D and UL are deployed on the same carrier

· B: Out-of-band: D2D and UL are deployed on different carriers
For preliminary analysis, we selected Type 1A (i.e. UL in-band relaying – see Figure 1), which can be considered as the most challenging scenario, since it includes the problems of half-duplex at Relay UE and also cross-link interference issues between Uu and PC5 transmissions. Moreover, the UL direction is often a bottleneck in terms of cellular coverage and for power consumption of low capable UEs.
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Figure 1. Illustration of the evaluated scheme.
The following basic schemes are studied in order to evaluate the benefits of UE-based UL in-band relaying:

· Scheme 1: Direct cellular connection, i.e. legacy UE operation through UL Uu interface.

· Scheme 2: Relaying using Rel.13 assumptions on PC5 transmission.

· Mode 2, i.e. random T-RPT and frequency channel selection.

· Power control based on compensation of eNB-UE pathloss.

· Fixed MCS and number of transmissions.

· Scheme 3: Relaying with enhancements to PC5 and UE-to-NW relay operation.

· Relay UE controlled T-RPT and frequency channel assignment. It is assumed that Relay UE assigns transmission pattern to served UEs in a manner to orthogonalize transmissions between served UEs and between its own sidelink reception and UL transmission.
· Power control based on compensation of UE-UE pathloss. It is assumed that transmission power is set according to the signal attenuation at UE-UE link in order to achieve a given target SNR.
· Instead of fixed MCS and fixed number of TTIs, the number of transmissions and the MCS are set according to large scale measurements and a given target SNR after power control.
2.2 Scenario 1

For Scenario 1, we consider two types of Remote UEs:

· Normal bandwidth UE: 50 PRB bandwidth.
· Since this type of UEs can support various data rates, we consider FTP Model 2 traffic with 10 Kbyte packet size in order to emulate a medium data rate service. The mean reading time of 1 second is assumed.
· eMTC bandwidth UE: 6 PRB bandwidth.
· For this type of UEs, we consider VoIP traffic model.

For initial evaluations, we consider N = 10 and M = 1, i.e. each of ten dropped Relay UEs per cell has one associated Remote UE dropped within 10 m range. As an evaluation metric, we use energy efficiency defined as energy spent to transmit/receive a bit of information. For this analysis, we do not take into account receive processing power (e.g. to receive configuration or monitor scheduling assignments) in order to show only the effect of transmitter operation savings. For calculation of power consumption, we use the agreed model for normal D2D devices. The energy efficiency saving are shown in Figure 2.
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Figure 2. Energy efficiency savings in Scenario 1.
Observation 1
· Rel.13 relay scheme may provide worse power consumption performance due to excessive number of repetitions and high transmission power settings.
· Enhancements to LTE PC5 and UE-to-NW relay operation provide much better transmit power consumption for both normal bandwidth and limited bandwidth Remote UEs.
2.3 Scenario 2
For Scenario 2, we consider only 1 PRB type of Remote UEs with Pareto distributed packet size and FTP model 3 traffic and 1 packet / UE / second arrival. The main difference in relaying scheme comparing to the Scenario 1 operation is that a Relay discovery and selection procedure is assumed. Each Remote UE tries to find a relay with better channel quality than its own cellular connection assuming it will provide better power consumption. If pathloss to all candidate Relay UEs is worse than the pathloss to eNB, then Remote UE may decide to connect to eNB directly. In other words, mode adaptation is assumed in Scenario 2.
The 20 Relay UEs and 70 Remote UEs are dropped per cell. The results for the three considered schemes are shown in Figure 3.
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Figure 3. Energy efficiency savings in Scenario 2.
Observation 2

· For Scenario 2, power consumption for enhanced relaying is better for a part of UEs which have found a Relay path.
· The energy efficiency of relayed UEs improves more than ten times.
· The increased number of Relay UEs is expected to further improve performance.

3 Conclusions

In this contribution, we provided initial system level evaluation results for FeD2D Scenario 1 and 2. The results show the significant benefits of enhanced relaying comparing to the Rel.13 relaying in terms of power consumption and energy efficiency even if simple enhancements are considered for evolved UE-to-NW relaying.
Observation 1
· Rel.13 relay scheme may provide worse power consumption performance due to excessive number of repetitions and high transmission power settings.
· Enhancements to LTE PC5 and UE-to-NW relay operation provide much better transmit power consumption for both normal bandwidth and limited bandwidth Remote UEs.
Observation 2

· For Scenario 2, power consumption for enhanced relaying is better for a part of UEs which have found a Relay path.

· The energy efficiency of relayed UEs improves more than ten times.

· The increased number of Relay UEs is expected to further improve performance.
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Appendix – Evaluation Assumptions
	Parameters
	Scenario 1
	Scenario 2

	Resource allocation
	Resource pool PSCCH, PSSCH: 4, 36 subframes respectively. All subframes are shared with UL
Rel.13 PC5: Random frequency channel and T-RPT selection

Enhanced: Relay UE controlled frequency channel and T-RPT assignment (orthogonal for the associated Remote UEs).
The 10 MHz system bandwidth is divided onto multiple sub-channels each of Remote UE operation bandwidth (50, 6, and 1 PRB)

	Remote UE maximum TX power
	23 dBm

	Relay UE maximum TX power
	23 dBm

	UL power control
	P0 set to achieve SNR = 15 dB, α = 1

	D2D power control
	Rel.13: UL power control settings with compensation of eNB-UE pathloss

Enhanced: UL power control settings with compensation of UE-UE pathloss

	Relay selection criteria
	Pre-association, i.e. all Remote UEs operate via the pre-assigned proximal Relay UE
	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
	Rel.13: Fixed MCS;
Enhanced: Based on large scale channel measurements and target SNR

	Number of transmissions
	Rel.13: Fixed to 4

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

	Traffic model
	50 PRB UE: FTP Model 2, 10 Kbyte fixed packet size, 1 second mean reading time;
6 PRB UE: VoIP traffic model
	1 PRB UE: 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 50 PRB UEs, modeled as an IBE mask;
For 6 PRB UEs, modeled as an OOB mask without in-band components.
	For 1 PRB UE, modeled as a noise floor with -50 dB down from the allocated power.

	Power consumption model
	Normal UE relative model for all considered UE types. Only TX power component is counted.
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