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1 Introduction
In the RAN1 #89 meeting, it was agreed to collect evaluation results for feD2D[1]. Companies were encouraged to offer the evaluation results by comparing Rel-13 D2D with Rel-15 enhanced UE-to-NW relaying.
In this contribution, we present our evaluation results of sidelink enhancements for scenario 1.
2 Simulation assumptions
In Rel-15 feD2D, in order to support low power and low complexity communication for low cost devices, enhancements of sidelink communication and relaying were studied. Several enhancements such as power control, link adaptation and resource allocation can be considered as candidate enhancements. In our simulations, these enhancements were taken into account as Rel-15 enhancements. The following sections explain these features with relation to the simulations we have performed. Simulation results are also provided for both sidelink communication and discovery.
2.1 Power control
In Rel-12/13 D2D, the pathloss between eNB and UE is used for the sidelink transmission power control. In the Rel-15 feD2D, the pathloss between relay UE and remote UE can be additionally used for the sidelink transmission power control in order to support efficient sidelink communication. In our simulation, we used these power control mechanisms for Rel-13 and Rel-15 simulations respectively. The formula for power control described in [2] is used to calculate the transmission power for Rel-15. The parameter alpha is 1 and P0 is equal to -90dBm.
2.2 Link adaptation
In Rel-12/13 D2D, there is no feedback from the receiver UE since the communication is broadcast communication. Hence Rel-13 sidelink communication is performed using a fixed number of repetition transmissions. In Rel-15 feD2D, since communication is based on unicast communication, feedback based communication can be used. Based on feedback information from the receiver UE, the transmitter UE can adaptively change transmission parameters such as MCS or (re)transmission number. In our simulation, both MCS and (re)transmission number are set according to the RLC ARQ feedback status by the receiver UE for Rel-15. In order to provide a direct comparison with Rel-13, the maximum (re)transmission number used for one transmission is set to 4.
2.3 Resource allocation
In Rel-12/13 D2D, the transmitter UE uses either mode 1 or mode 2 resource allocation. In Rel-15 feD2D, relay assisted resource allocation, where the relay UE controls sidelink resources under the control of eNB, is considered as one of the candidate resource allocation mechanisms. In our simulation, mode 1 resource allocation is used for Rel-13 and relay assisted resource allocation is used for Rel-15.

For resource pool configuration, we used TDM multiplexing between PSCCH and PSSCH. 4 subframes are allocated for PSCCH and 36 subframes are allocated for PSSCH. The 10MHz band is divided into 8 sub-channels where each sub-channel consists of 6PRB and those sub-channels are configured to each relay UE by the eNB.
2.4 Discovery
The resource pool configuration in discovery is shown in Table A.1 in the Appendix. 

For Rel-13 discovery, one-shot transmission discovery is used in our simulation. That is, the relay UE randomly selects resources in one sub-channel and transmits in one subframe, and the number of retransmissions is set to 1. The relay UE only selects resource in the first discovery period and keeps using the same resource for the following discovery periods. The remote UE randomly selects a sub-channel to detect during the discovery time, and will reselect the sub-channel in each discovery period.

For Rel-15 discovery, multi-shot transmission is used. That is, the relay UE transmits in multiple sub-channels with multiple transmissions in each discovery period. The discovery announcement is transmitted in 4 different subframes. In each discovery period, the relay UE will reselect resources. For the remote UE, the resource allocation is the same as Rel-13 discovery. 

The concept of both one-shot transmission and multi-shot transmission is shown in figure 1[3].
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Figure 1: One-shot transmission and multi-shot transmission for sidelink discovery
3 Simulation results
3.1 Communication
In this section, we provide simulation results of communication for the Rel-15 enhancements in comparison to Rel-13. The simulation assumptions are shown in Table A.1 in the Appendix. For the dropping model, traffic model, channel model and energy consumption model, we used the models that were agreed in previous RAN1 meetings. The simulation results of energy efficiency in communication are shown in the figures below.
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Figure 2: Uplink energy efficiency
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Figure 3: Downlink energy efficiency
Figure 2 shows the evaluation results of the sidelink uplink energy efficiency of the remote UE, and figure 3 shows the evaluation results of sidelink downlink energy efficiency of the remote UE. A single relay UE with both 2 and 8 remote UEs are evaluated. 

It is observed that for both the cases where there are 2 and 8 remote UEs per relay UE, the energy efficiency with sidelink power control and link adaptation can be greatly improved compared to Rel-13 for both uplink and downlink. Because of sidelink power control, the transmission power can be appropriately configured according to sidelink quality. Particularly in the sidelink uplink case, the transmission power can be greatly reduced. Additionally, owing to feedback information, unnecessary blind retransmission can be reduced, which can also improve the energy efficiency
.

In addition to the energy efficiency evaluation, we also evaluated the percentage of successful packets and VoIP link performance. The simulation results are shown in Table 1.
Table 1: Percentage of successful packet and link
	
	Rel-15
	Rel-13

	
	Percentage of successful packet
	Percentage of successful link
	Percentage of successful packet
	Percentage of successful link

	Uplink
	2 remote/relay
	97.02%
	96.43%
	94.83%
	90.24%

	
	8 remote/relay
	88.56%
	85.24%
	85.56%
	80.81%

	Downlink
	2 remote/relay
	95.01%
	93.57%
	92.24%
	89.85%

	
	8 remote/relay
	88.56%
	85.24%
	82.76%
	78.59%


It is observed from the table that the percentage of successful packets and successful VoIP links for Rel-15 is greater than for Rel-13. This is due to the link adaptation. Owing to feedback information, the MCS can be adjusted and the retransmission may be successfully received with the appropriate MCS. 

Observation 1: Energy efficiency gains and improvement in terms of the percentage of successful packets and VoIP links can be achieved when enhanced power control and link adaptation is used.
3.2 Discovery
In this section, we provide simulation results of discovery for the Rel-15 enhancements in comparison to Rel-13. The simulation assumptions are shown in Table A.2 in the Appendix. Figure 4 and figure 5 show the simulation results for enhancements to sidelink discovery.
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Figure 4: Number of discovered relay UEs per remote UE (2 remote / relay)
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Figure 5: Number of discovered relay UEs per remote UE (8 remote / relay)

It is observed that for Rel-15, the remote UE can discover the nearby relay UE more quickly than for Rel-13 for both the case where there is one relay UE with 2 remote UE and the case where there is one relay UE and 8 remote UEs. 

Because for Rel-13 discovery, the remote UE can only monitor one sub-channel and the relay UE transmits the discovery announcement with a one-shot transmission manner, if the remote and relay UEs had selected different sub-channels for transmitting and monitoring, the remote UE fails to discover the relay UE.

However, for Rel-15 discovery, since the relay UE transmits with four different sub-channels in the same discovery period, it is much more likely for the remote UE to discover the relay UE if the remote UE had selected one sub-channel from the four.
In addition to the number of discovered relays, the mean time and mean energy consumed for a remote UE to find the target relay UE was also evaluated. The simulation result is shown in Table 2.
Table 2: Mean time and consumed energy for a remote to find the target relay
	
	Mean time to find target relay (ms)
	Mean energy used to find target relay (unit*ms)

	Rel-15
	2 remote/relay
	386.86
	5.88

	
	8 remote/relay
	390.05
	5.92

	Rel-13
	2 remote/relay
	1996.97
	21.72

	
	8 remote/relay
	2122.58
	23.03


In table 2, the results for Rel15 feD2D show the discovery with multi-shot transmission while the results for Rel-13 show the discovery with one-shot transmission. As analysed before, for Rel-15 discovery, the remote UE can more quickly discover the nearby relay UE. Therefore, the mean time to find a target relay is also shortened, thus reducing the energy consumption to discover the target.

Observation 2: Rel-15 discovery with multi-shot transmission gives a better performance compared with Rel-13 discovery with one-shot transmission.
4 Summary
In this contribution, we provide our simulation results regarding the sidelink enhancements for both communication and discovery. The following observations are made:
Observation 1: Energy efficiency gains and improvement in terms of the percentage of successful packets and VoIP links can be achieved when enhanced power control and link adaptation is used.

Observation 2: Rel-15 discovery with multi-shot transmission gives a better performance compared with Rel-13 discovery with one-shot transmission.
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Appendix

Table A. 1:  Simulation assumption for sidelink communication
	Parameters
	Rel-15
	Rel-13

	Traffic model
	VoIP with fixed file size

	Resource pool configuration
	TDM, SA pool: 4 subframe; data pool: 36 subframe

	Time-frequency hopping
	No hopping

	Resource allocation
	Relay-assisted 
	Mode 1

	Power control
	Sidelink-pathloss based
	Uulink-pathloss based

	MCS 
	Dynamic MCS adaptation
	Fixed MCS

	Feedback
	ACK/NACK feedback
	No feedback


Table A. 2: Simulation assumption for sidelink discovery
	Parameters
	Rel-15
	Rel-13

	PSDCH number of subframe
	8

	PSDCH number of RBs
	48

	Number of sub-channel of PSDCH
	8

	Number of PRB in each sub-channel
	6

	Number of PRB used to transmit one discovery message
	2

	Discovery model
	Model A

	Discovery type
	Type 1

	Discovery period
	320ms

	Discovery mechanism
	Multi-shot transmission
	One-shot transmission

	Number of subframe for discovery
	4
	2

	Number of sub-channel used for discovery
	4
	1

	Resource allocation for the relay UE
	Random selection for the each discovery period
	Random selection for the first discovery period and keep using them for the following period

	Resource allocation for the remote UE
	Random selection for each discovery period

	Decoding capability
	Remote UE can decode at most 6 continuous PRB in one subframe



