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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#88bis, the evaluation methodology for FeD2D scenarios was finalized. In this contribution we provide preliminary FeD2D evaluation results for the Scenario 2, i.e. D2D-aided IoT/MTC scenario. The results for Scenario 1 are provided in [2]. Additionally, analysis of discovery enhancements is provided in [3]. Our views on design aspects are provided in our companion contributions [4]-[9].
2 Assumptions on Relaying Mode and UE Types
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 analysis in this contribution, 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.
Furthermore, a relay discovery and association procedure is emulated for Scenario 2. Each eRemote UE tries to find an eRelay with better channel quality than its own cellular connection assuming it will provide better power consumption. In particular, if pathloss to all candidate eRelay UEs is worse than the pathloss to the serving eNB, then Remote UE decides to connect to eNB directly. In this case, a mix of communication modes is evaluated throughout the simulations.
As for the eRemote UE type, the eMTC-like UE with 6 PRB bandwidth limitation is assumed following the agreement from the previous RAN1 meeting to focus on the 6 PRB bandwidth limitation at the upcoming meetings.
3 Power Control Techniques
At the previous RAN1#88bis meeting, the following regarding the power control enhancements was discussed and agreed:

	Agreement

· Sidelink power control taking into account propagation characteristics between Relay UE and Remote UE is further studied

· Propagation characteristics can include sidelink pathloss, received signal quality, interference level etc.

· FFS details of sidelink power control operation

· Companies are encouraged to quantify gains of sidelink power control enhancements and provide more evaluation for the next meeting relative to R12 power control operation


Following the RAN1 agreement, in this section, the benefits to take into account UE-UE channel propagation characteristics are analyzed. The following two main schemes are analyzed:
· Relaying with legacy PC: Relaying mode using D2D power control based on compensation of eNB-UE pathloss. The alpha parameter is set to 1 and different P0 values are checked: [-90, -95, -100, -105] dBm.
· Relaying with enhanced PC: Relaying mode using D2D power control based on compensation of UE-UE pathloss. The power setting in this case is checked not to exceed the one achieved by compensation of eNB-UE.
For analysis, two different densities of eRelay UEs are evaluated: 20 and 40 per cell. The number of eRemote UEs is 70 per cell. The enhanced resource allocation with adaptive number of TTIs and MCS is applied for both cases of power control for fair comparison. Both techniques are compared to the operation directly through eNB. The results of evaluations are shown in Figure 2 where the energy efficiency CDF is shown.
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Figure 2. Comparison of different power control schemes.
Observation 1
· For both considered eRelay UE densities, the legacy power control mechanism can provide medium energy efficiency gains especially for low settings of P0.
· Application of enhanced power control can provide additional energy efficiency gains.

· The larger number of eRelay UEs per cell provides considerably better performance due to better average link quality between eRemote UEs and eRelay UEs.

4 Resource Allocation Techniques
At the previous RAN1#88bis meeting, the following regarding the resource allocation enhancements was discussed and agreed:
	Agreement

· The following enhancements for sidelink unicast communication are studied further: 

· eNB controlled resource allocation and configuration for communication between Relay and Remote UE

· eNB decision on resource allocation is relayed to Remote UE by Relay UE

· Relay UE assisted resource allocation and configuration under eNB control

· Remote UE assisted resource allocation


In this section we evaluate the Rel.12/13 resource allocation approaches in comparison to the eRelay UE assisted resource allocation. The following schemes are considered:

· Random resource allocation. The resources for eRemote UEs transmission are selected randomly from the resource pool following the Rel.12 Mode-2 assumption.
· Relay UE controlled resource allocation. The resources for eRemote UEs are assigned by the eRelay UE in orthogonal manner. That is, eRelay UE schedules orthogonal frequency resources trying to minimize the number of subframes used for sidelink operation. In other words, if the number of active UEs is less than the number of frequency sub-bands in the resource pool (i.e. less than 8 in case of 10 MHz system bandwidth and 6 PRB eRemote UE bandwidth), then the eRelay UE assigns the same T-RPT but orthogonal frequency channels. If the number of active UEs is larger than the number of frequency sub-bands, then different T-RPTs may be assigned.
For analysis, two densities of eRelay UEs are evaluated: 20 and 40. The enhanced power control with adaptive number of TTIs and MCS is applied for both cases for fair comparison. Both techniques are compared to the operation directly through eNB. The results of evaluations are shown in Figure 3 where the energy efficiency CDF is shown.
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Figure 3. Comparison of resource allocation schemes.
Observation 2
· In Scenario 2 for the considered IoT types of traffic, there is almost no benefits in terms of eRemote UE power consumption from the advanced resource control due to lightly loaded environment.
· From eRelay UE operation and power consumption perspective it is still beneficial to control eRemote UE resources in order to reduce active SL operation periods.

5 Link Adaptation Techniques
Another important aspect that needs to be analyzed during FeD2D SI is the adaptation to propagation conditions between UEs. In Rel.12 there is no appropriate mechanism to estimate the SL channel quality due to broadcast nature of the communication. Although the MCS may be set up to UE decision, there is no measurement to judge whether the setting is appropriate for current channel conditions. Additionally, the fixed number of blind retransmissions was motivated by the broadcast communication and desire to randomize interference and maximize coverage.
In this section, the channel quality unaware MCS and fixed number of TTIs are compared to the case when both MCS and number of TTIs are set according to large scale channel quality measurements. In particular, the average SINR is taken into account to set the MCS. However, the scenario can be considered as non-interference limited due to the used traffic model. Therefore, the MCS and number of transmissions are mainly selected based on achieved SNR with current power control settings. Due to relay selection procedure, the pathloss distribution between eRemote UEs and eRelay UEs varies much more significantly comparing to the Scenario 1 and it is not always possible to achieve the target SNR. In this case, the MCS and number of TTIs are selected to improve the link budget.
The comparative analysis of two different link adaptation schemes is shown in Figure 4. The legacy blind adaptation with fixed to 4 number of TTIs per transport block is compared to the adaptive number of TTIs.
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Figure 4. Comparison of different link adaptation techniques.
Observation 3
· In Scenario 2, fixed 4 TTIs per transport block can diminish the power savings from relay operation.
· The adaptive number of retransmissions provides significant improvement in energy efficiency and can be considered as a crucial enhancement to achieve the study item objectives.
6 Conclusions

In this contribution, we provided initial system level evaluation results for FeD2D Scenario 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

· For both considered eRelay UE densities, the legacy power control mechanism can provide medium energy efficiency gains especially for low settings of P0.

· Application of enhanced power control can provide additional energy efficiency gains.

· The larger number of eRelay UEs per cell provides considerably better performance due to better average link quality between eRemote UEs and eRelay UEs.

Observation 2
· In Scenario 2 for the considered IoT types of traffic, there is almost no benefits in terms of eRemote UE power consumption from the advanced resource control due to lightly loaded environment.

· From eRelay UE operation and power consumption perspective it is still beneficial to control eRemote UE resources in order to reduce active SL operation periods.

Observation 3

· In Scenario 2, fixed 4 TTIs per transport block can diminish the power savings from relay operation.
· The adaptive number of retransmissions provides significant improvement in energy efficiency and can be considered as a crucial enhancement to achieve the study item objectives.
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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
	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
	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
	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 6 PRB UEs, modeled as an OOB mask without in-band components.

	Power consumption model
	Low complexity UE relative model. Only TX power component is counted.
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