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1	Introduction
In RAN#71, the SI named “Further Enhancements to LTE Device to Device, UE to Network Relays for IoT and Wearables” was agreed with the objectives of enhancement for the UE-to-NW relaying functionalities and LTE sidelink to enable low complexity/cost/energy IoT and wearables with QoS. From RAN1 perspective, the following objectives are identified [1]:

Identify mechanisms to enable QoS, reliable, and/or low complexity/cost & low energy sidelink [RAN1, RAN2, RAN4].
In RAN1#88, the evaluation methodology for the further enhancements to LTE sidelink and UE-to-Network relaying was discussed and the baseline evaluation methodology and simulation conditions were agreed [2]. In RAN1#88bis, the following additional channel modelling assumptions were agreed [5]: 
· Channel modeling
· Extend applicability of UE-UE channel models from TR 36.843 to distances between 1 and 3 meters
· For Scenario 1, at distances below 1 m apply pathloss calculated at 1 m
· For Scenario 2, keep the 3 meter UE-UE minimum distance

· The eNB – Remote UE channel model is defined as outdoor LOS path loss for 700 MHz and ISD = 1732 m deployment options from TR 36.843 plus a building penetration loss calculated according to Scenario 2 from TR 45.820.

· For UE – UE channel modeling, replace each value of 20 dB penetration loss by the statistical BPL value calculated according to Scenario 2 from TR 45.820.
· No spatial correlation of building penetration loss for UE – UE links.

This paper provides preliminary evaluation results for scenario 2 based on the agreed evaluation conditions. The results for scenario 1 are presented in a companion paper [6]. 

2	Evaluation conditions
In scenario 2, N relay UEs and M remote UEs are uniformly dropped in the cell. It is assumed that the remote UEs firstly select the relay UE and then the traffic between network and remote UE are relayed by the relay UE in both directions. The evaluations mainly focus on the sidelink part, that is, the sidelink DL from relay UE to remote UE and sidelink UL from remote UE to relay UE. 
The system evaluations were made based on the evaluation conditions agreed in last RAN1 meeting. The details of the evaluation conditions are listed in appendix. In particular, the traffic model of VoIP was used in the simulations with packet size of 328 bits, frame duration of 20ms and activity factor of 75%. The performance metrics include outage ratio and average packet throughput for sidelink UL and sidelink DL, and power consumptions of transmit/receive/idle operations for remote UEs and relay UE. 
In the simulations, sidelink communication resource pool is specifically assumed such that sidelink DL and sidelink UL is separated in different sidelink subframes for both SA and data. In particular, the sidelink communication resource pool is assumed to have bandwidth of 40 PRBs and period of 40ms with the following parts:
· Sidelink DL SA: 4 SFs
· Sidelink UL SA: 4 SFs
· Sidelink DL data: 16 SFs
· Sidelink UL data: 16 SFs
Note that for simplicity for data relaying between remote UE and eNB via relay UE, only sidelink DL/UL data transmissions are actually simulated in the simulations and the sidelink DL/UL SA are only considered in the power consumption computation and Uu part is assumed to be ideal and not included. 
In the simulations, each VoIP packet of 328 bits occupies 2 adjacent PRBs over 2 (re)transmissions with QPSK and Turbo coding. At the receiver side, packet detection is based either of the 2 (re)transmissions (i.e. soft combining is not used). Regarding resource allocation, it is initially assumed that in sidelink UL, remote UE(s) randomly select the time frequency resource in the associated data resource pool, while in sidelink DL, relay UE randomly selects orthogonal time frequency resources for its linked remote UEs. 


Regarding power setting/control, the transmit power of 23dBm is assumed for relay UE which will be evenly distributed if multiple remote UE packets are frequency multiplexed in sidelink downlink. For remote UEs, both power control and non-power control are simulated. The power control is initially assumed to be based on sidelink pathloss as follows , where Pmax=0dBm or 23dBm, M=2, =1， PO,SL= -95dBm as examples。
Regarding the relay selection, it is simply assumed that the remote UE selects the relay UE with the smallest pathloss if the number of linked remote UEs of the relay UE does not exceed some threshold. In the simulations, the threshold number for linked remote UE per relay UE is exemplified as 10. 


3	Evaluation results

The initial evaluation results for scenario 2 are described in this section. In the simulations, two cases are simulated, one with (relay UE number per cell) N=20, (remote UE number per cell) M=70 and the other with N=40, M= 70. In Figure 1, the pathloss between the relay UEs and their associated remote UEs is illustrated. We can observe that for either case, the pathloss difference between different remote UE-relay UE pairs is quite large and the pathloss value is relatively large. For example, in case of N=20, 80% pathloss values are within the range of 95dB to 134dB. Figure 2 shows the relay selection outcome by remote UEs in the two cases. On average, in case of N=20, most of the relay UEs serve 1~6 remote UEs, while in case of N=40, most of the relay UEs serve 0~3 remote UEs.
Observation 1: In scenario 2, the pathloss between relay UE and their remote UEs is more scattered with relatively large pathloss values. 
The simulated average outage, average per remote UE throughput and average power consumption per sidelink subframe are listed in Table 1 and 2. From the results, we can get the following observations.
Observation 2: In the simulated scenario 2 for VoIP traffic in sidelink UL, the outage and throughput performances with maximum transmit power of 0dBm are degraded especially when relay number is not large.
Observation 3: In scenario 2 for VoIP traffic in sidelink UL, the power control could play an important role in both outage/throughput performance and power consumption.
The benefits of the power control come from the fact that in sidelink UL, multiple remote UEs may transmit to the relay UE in the same subframe (i.e., FDM), thus it is beneficial to use power control to make the received power from different remote UEs at similar level, otherwise, the in-band emission interference will degrade the performance considering the potential large pathloss difference as observed in observation 1. 
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Figure 1: CDF of pathloss between relay UE and remote UEs
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Figure 2: Illustration of relay selection outcome

Table 1: Results of avg. outage, avg. per remote UE throughputs and avg. power consumption per subframe 
with M=70, N=20
	
	Sidelink UL
	Sidelink DL

	
	Pmax, remote UE = 0dBm
	Pmax, remote UE = 23dBm
	Pmax,relay UE= 23dBm

	
	w/o PC
	w/ PC
	w/o PC
	w/ PC
	

	Outage ratio
	0.7644
	0.7614
	0.3659
	0.2591
	0.4469

	Throughput, kbps
	3.4834

	3.4958

	10.287

	10.578

	9.084


	Power consumption per TTI *
	0.2506

	0.2506

	0.6158

	0.4984

	1.2901


	Power efficiency
	6.098e-6

	6.098e-6 

	2.439e-5 

	1.85e-5  

	7.9879e-5 



Note: * For power consumption metric, columns of Sidelink UL/DL correspond to remote UE/relay UE, respectively. The same for Table 2.

Table 2: Results of avg. outage, avg. per remote UE throughputs and avg. power consumption per subframe 
with M=70, N=40
	
	Sidelink UL
	Sidelink DL

	
	Pmax, remote UE = 0dBm
	Pmax, remote UE = 23dBm
	Pmax,relay UE= 23dBm

	
	w/o PC
	w/ PC
	w/o PC
	w/ PC
	

	Outage rate
	0.6133
	0.604
	0.1697
	0.0772
	0.1982

	Throughput, kbps
	5.7

	5.7241,

	11.874

	12.018

	11.419


	Power consumption per TTI *
	0.2510

	0.2510

	0.6165

	0.4303

	0.9861


	Power efficiency
	6.098e-6 

	6.098e-6 

	2.439e-5 

	1.493e-5 

	6.7458e-5 





3	Conclusion
In this paper, the preliminary evaluation results for the further enhancements to LTE sidelink and UE-to-Network relaying in scenario 2 are presented. Based on the discussions, the following observations are provided.
Observation 1: In scenario 2, the pathloss between relay UE and their remote UEs is more scattered with relatively large pathloss values.
Observation 2: In the simulated scenario 2 for VoIP traffic in sidelink UL, the outage and throughput performances with maximum transmit power of 0dBm are degraded especially when relay number is not large.
Observation 3: In scenario 2 for VoIP traffic in sidelink UL, the power control could play an important role in both outage/throughput performance and power consumption.
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Appendix

	Parameters
	Scenario 1

	Network layout
	Network Layout Option 5 from [3] with ISD = 1732 m (sub-option of uniform outdoor)

	Carrier frequency
	700 MHz for all links, FDD paired spectrum with 10 MHz per UL and DL

	Channel model
	Remote UE – eNB channel model
· Use TR [4] model assuming all UEs are indoor
Relay UE – eNB channel model
· Use [3] assumptions
Relay UE – Remote UE and Remote UE – Remote UE and Relay UE – Relay UE use the [3] models as a working assumption.


	Remote UE dropping
	Independent dropping of relay, and remote UEs is supported
· M = 70 per cell 


	Relay UE dropping
	20, 40 per cell

	Remote UE parameters
	· Number of Antennas: 1 TX, 1 RX
· Antenna gain: 0 dB
· Noise figure: 9 dB
· Maximum TX power: 0, 23 dBm
· Duplex: Remote UE cannot simultaneously receive in DL and SL and receive in DL if transmits in SL/UL (Half Duplex UE)

	Relay UE parameters
	· Number of Antennas: 1 TX, 2 (4 optional) RX
· Antenna gain: 0 dB
· Noise figure: 9 dB
· Maximum TX power: 23 dBm
· Duplex: Relay UE can simultaneously receive in DL and SL as well as transmit in UL/SL while receive in DL. Note that this encompassed both in band and out of band relaying

	Traffic model
	VoIP model from [3]
· Encoder frame length: 20ms
· Voice activity factor: 75%
· Voice payload per frame: with header compression 41 Bytes (328 bits)
· Outage definition: 2% error rate


	Power consumption model
	As defined in R1-1704106

	In-band emission model
	IBE model from [3] with W,X,Y, Z = [0,0,0,0]

	Performance metrics
	Outage, throughput, power consumption and power efficiency



oleObject1.bin

image2.wmf
a


oleObject2.bin

image3.emf
50 60 70 80 90 100 110 120 130 140 150

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

Pathloss dB of remote UEs to selected relay UEs

CDF

Scenario 2, M=70

 

 

N=40

N=20


image4.emf
-2 -1 0 1 2 3 4 5 6 7 8 9 10 11 12

0

100

200

300

400

500

600

700

Scenario 2, M=70

Number of linked remote UEs per relay UE

Number of relay UEs

 

 

N=20

N=40


image1.wmf
{

}

SL

SL

O

PL

P

M

P

P

×

+

+

=

a

,

10

max

)

(

log

10

,

min


