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1
Introduction

During RAN1#74 progress was made on Type 1 ProSe device-to-device discovery ("Type 1: a discovery procedure where resources for discovery transmission are allocated on a non-UE specific basis" [1]).  In particular, it was agreed as a working assumption for the purposes of evaluation that a Type 1 discovery message would contain 104 information bits [2].

The fast fading parameters for D2D link operation have also been agreed [1] and subsequent to RAN1#74 an e-mail discussion provided agreement on the Doppler modelling aspects [3].

This contribution provides link simulation performance results for the agreed propagation conditions using a PUSCH signal format.

2
Simulation assumptions
Five different link scenarios have been agreed for D2D discovery and communications as listed in Table 1 below:
Table 1 - D2D discovery and communications link scenarios
	
	Outdoors to outdoors (LOS)
	Outdoors to outdoors (NLOS)
	Outdoors to indoors
	Indoors to indoors (LOS)
	Indoors to indoors (NLOS)

	Fast fading
	ITU-R UMi LOS
	ITU-R UMi NLOS
	ITU-R UMi O2I
	ITU-R InH LOS
	ITU-R InH NLOS

	UE mobility (layout option 5)
	60kmph/60kmph
	60kmph/60kmph
	60kmph/3kmph
	3kmph/3kmph
	3kmph/3kmph

	UE mobility (other options)
	3kmph/3kmph
	3kmph/3kmph
	3kmph/3kmph
	3kmph/3kmph
	3kmph/3kmph


In [3] it was agreed to employ the ITU clustered delay line model (CDL) implementation [4] to simulate the link-level channels and the Doppler could be modelled using a dual mobility model [5].  The tables A1-9 through to A1-13 in [3] provide the cluster delays and powers for each of the link scenarios above.  However, the cluster AoA and AoD are modified from these tables based upon the agreed assumption of a uniform 104 degree AoA and AoD spread.  For the ITU-R UMi channels, exemplary AoA and AoD distributions are provided based upon this assumption [3] and are detailed in Table 2 below for reference.
Table 2 - Cluster AoA and AoD values for D2D implementation of ITU-R UMi channels [3]

	AoD UMi LOS
	AoA UMi LOS
	AoD UMi NLOS
	AoA UMi NLOS
	AoD UMi O2I
	AoA UMi O2I

	0
	0
	122.5559
	120.1944
	0
	0

	-68.7175
	-106.2107
	86.7522
	-100.2476
	-121.0478
	151.4573

	131.5981
	-110.1174
	-9.9052
	8.0427
	-55.1371
	34.4389

	115.2023
	123.4640
	130.3126
	-111.6904
	-176.6670
	-178.5128

	-38.8360
	96.5260
	60.4220
	69.8980
	-120.0480
	125.9853

	124.0966
	-80.2283
	-126.6098
	158.9481
	128.1768
	-120.0331

	112.5924
	70.8023
	-105.6680
	-100.6300
	-22.1998
	48.5616

	145.2721
	110.7270
	-164.3962
	148.0088
	176.9402
	-177.3006

	-21.1926
	54.2775
	109.9194
	67.1337
	90.6816
	-98.3362

	-34.9820
	93.7484
	107.1477
	110.4009
	112.9335
	-126.2771

	-8.4619
	-46.3447
	168.7049
	124.0406
	-64.3963
	73.0122

	87.3854
	-51.7578
	160.5394
	-152.4777
	-87.4108
	102.0991

	
	
	-123.5687
	-144.0233
	
	

	
	
	178.8640
	-145.4387
	
	

	
	
	142.3884
	142.0713
	
	

	
	
	-158.7691
	168.4165
	
	

	
	
	-107.2924
	103.2230
	
	

	
	
	108.2534
	111.9478
	
	

	
	
	112.7843
	100.1584
	
	

	cluster ASD = 17
	cluster ASD = 17
	cluster ASD = 22
	cluster ASD = 22
	cluster ASD = 8
	cluster ASD = 8


For the case of ITU-R InH channels, no such AoA and AoD distributions are provided in [3] and hence exemplary distributions have been generated and are provided in Table 3 below.  These have been generated using sigma_phi = 104 in equation (14) of [4] and using the power values from Tables A1-9 and A1-10 of [4].  Subsequently equation (17) and (18) of [4] are used to provide the values below with phi_LOS = 0.
Table 3 - Cluster AoA and AoD values for D2D implementation of ITU-R InH channels

	AoD InH LOS
	AoA InH LOS
	AoD InH NLOS
	AoA InH NLOS

	0
	0
	48.0973
	-30.5629

	77.4141
	-143.9206
	-31.3208
	-30.6101

	-109.8158
	76.3305
	-132.1275
	128.7104

	96.7484
	-165.7668
	-31.9501
	16.8587

	-121.5106
	-172.8325
	-4.5033
	15.1348

	105.7742
	-125.7079
	37.0365
	-38.6733

	104.2262
	103.4074
	59.7917
	48.4138

	121.7808
	-132.8416
	-121.7403
	154.0909

	154.1090
	160.1014
	73.7392
	-54.3921

	165.1692
	159.8136
	-147.8163
	146.0021

	158.6549
	-177.3133
	95.7988
	-103.2789

	87.7562
	72.1036
	-132.7016
	-154.5880

	-174.6575
	144.8064
	66.5380
	-80.4577

	94.7992
	174.3006
	119.7498
	172.5784

	144.4642
	171.1452
	-178.9401
	-168.4469

	
	
	173.6740
	-164.5428

	
	
	-45.2942
	28.6253

	
	
	99.6287
	79.1152

	
	
	-140.7379
	-147.2444

	cluster ASD = 8
	cluster ASD = 8
	cluster ASD = 11
	cluster ASD = 11


For each drop of the link simulator, a UE with a single transmit antenna is arbitrarily dropped and a UE with a two element λ/2 array of receive antennas of arbitrary orientation is also arbitrarily dropped.  Velocities are applied with random directions to each of the UE and the LOS angle between the UEs is calculated.  An MCS 7 (104-bit) transport block PUSCH transmission occupying a single resource block is then simulated through the time-varying channel and a realistic receiver implementation is used to attempt to decode the transmission.  These simulation parameters are summarised in Table 4.
Table 4 - Additional link simulation parameters
	Parameter
	Value
	Comment

	UE transmit antennas
	1
	

	UE receive antennas
	2
	λ/2 element separation, random orientation

	UE direction of travel
	random
	

	Transport block size
	104 bits
	MCS 7, QPSK

	Number of resource blocks
	1
	

	Signal format
	PUSCH
	

	Cyclic prefix
	normal
	12 SC-FDMA symbols per subframe, 2 DMRS

	Channel estimation
	DMRS based
	interpolation / extrapolation for different SC-FDMA symbols


3
Simulation results
Figure 1 shows simulated link-level performance results for all combinations of UE velocity and for all link scenarios that have been agreed for D2D discovery and communications with a PUSCH transport block size of 104 bits using one resource block.  The 10% and 1% BLER operating points for the link scenarios of interest are summarised in Table 5 and Table 6 respectively.
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Figure 1 – Link level performance of MCS 7 PUSCH in UMi and InH channels with dual mobility
Table 5 - D2D discovery performance; SNR required for 10% BLER
	
	Outdoors to outdoors (LOS)
	Outdoors to outdoors (NLOS)
	Outdoors to indoors
	Indoors to indoors (LOS)
	Indoors to indoors (NLOS)

	UE mobility (layout option 5)
	2.9 dB
	6.0 dB
	6.6 dB
	2.9 dB
	6.0 dB

	UE mobility (other options)
	2.7 dB
	5.8 dB
	6.5 dB
	2.9 dB
	6.0 dB


Table 6 - D2D discovery performance; SNR required for 1% BLER
	
	Outdoors to outdoors (LOS)
	Outdoors to outdoors (NLOS)
	Outdoors to indoors
	Indoors to indoors (LOS)
	Indoors to indoors (NLOS)

	UE mobility (layout option 5)
	6.0 dB
	11.5 dB
	12.4 dB
	6.5 dB
	11.8 dB

	UE mobility (other options)
	5.8 dB
	11.3 dB
	12.3 dB
	6.5 dB
	11.8 dB


4
Discussion / conclusion 
This contribution has provided simulation results for all of the link scenarios that have been agreed for D2D discovery and communications with a 104 bit single resource block PUSCH as the working assumption for the Type 1 discovery payload.  It is noted that UE mobility has a relatively small impact upon the BLER performance with this level of MCS.

Proposal:  It is proposed that the cluster AoA and AoD values for the ITU-R InH channel model provided in Table 3 along with the simulation results are included in the study item Technical Report [6].
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