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1
Introduction

During RAN1#64 there were further agreements on the working assumptions for the device-to-device (D2D) discovery message [1].  One of these was that Release 8 turbo coding will be used for the discovery message and it was already an agreed working assumption to employ two physical resource blocks for the discovery message.
An LS reply was also received at RAN1#64 on the discovery message size and this indicated that the non-public safety discovery message is currently assumed to be 192 bits and the public safety message is estimated at 198 bits [3].  It was proposed in a previous contribution that the discovery message should not be segmented, should use QPSK modulation and 2 PRBs at MCS7 giving a message size of 224 bits [4].  Note that this proposal is compatible with the current estimated size of the discovery message.

In this contribution we provide link simulation performance results for a 224 information bit discovery message using the agreed fast fading parameters and dual Doppler model with two physical resource blocks using Release 8 turbo codes.  These results are then compared with the ones previously obtained for a message size of 104 bits.
2
Simulation assumptions
The channel simulation assumptions are in line with those previously agreed for D2D discovery and communications [2]; fast fading is modelled as an ITU clustered delay line model (CDL) with dual mobility ITU-R UMi LOS/NLOS, ITU-R UMi O2I and ITU-R InH LOS/NLOS.  The five different link scenarios have been agreed for D2D discovery and communications as listed in Table 1.  Further details of the propagation channel implementation, including cluster AoA and AoD distributions for all fast fading models are as agreed in [2].
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


Link simulations were performed with a realistic receiver implementation with an MCS 7 (224-bit) transport block PUSCH transmission occupying two physical resource blocks.  Channel coding was performed with a Release 8 turbo code.  The link simulation parameters are summarised in Table 2.
Table 2 - 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
	224 bits
	MCS 7, QPSK

	Number of resource blocks
	2
	

	Signal format
	PUSCH
	

	Channel coding
	turbo
	Release 8 turbo

	CRC length
	24
	

	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 224 bits using two physical resource blocks.  As shown in the legend in Figure 1 the various link scenarios are represented in different colours while the symbols on the line show the different mobility options. The 10% and 1% BLER operating points for the link scenarios of interest are summarised in Table 3 and Table 4 respectively.  Additionally the results obtained previously for the message size of 104 bits have also been copied into Tables 3 and 4 for the purpose of comparison [4].  These previous results were obtained using the same simulation assumptions and so a valid comparison can be made between the two cases.  Note that the SNR required for 224 bits compared to 104 bits has increased depending on the scenario in a range of 2.0dB to 2.9dB.  The typical increase required is 2.4dB.  The other noteworthy result is that UE mobility has a minor impact upon the BLER performance at this MCS.
Observation 1:  An increase of 2.4dB in the SNR required to achieve a given BLER is typically needed to compensate for an increase in the discovery message size from 104 to 224 bits.
Observation 2: UE mobility has a minor impact upon the BLER performance of a discovery message of size 224 bits at MCS 7.
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Figure 1 – Link level performance of MCS 7 (2 PRB) PUSCH in UMi and InH channels with dual mobility
Table 3 - 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)
	104 bits
	0.0 dB
	2.9 dB
	3.5 dB
	0.1 dB
	3.2 dB

	
	224 bits
	2.4 dB
	5.6 dB
	6.0 dB
	2.5 dB
	5.6 dB

	UE mobility (other options)
	104 bits
	0.0 dB
	3.0 dB
	3.6 dB
	0.1 dB
	3.2 dB

	
	224 bits
	2.3 dB
	5.4 dB
	6.1 dB
	2.5 dB
	5.6 dB


Table 4 - 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)
	104 bits
	2.9 dB
	8.1 dB
	9.3 dB
	4.0 dB
	8.7 dB

	
	224 bits
	5.5 dB
	10.9 dB
	12.0 dB
	6.0 dB
	11.0 dB

	UE mobility (other options)
	104 bits
	3.0 dB
	8.3 dB
	9.5 dB
	4.0 dB
	8.7 dB

	
	224 bits
	5.3 dB
	11.2 dB
	11.6 dB
	6.0 dB
	11.0 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 224 bit two physical resource block PUSCH as the working assumption for the discovery payload.  
It is observed that an increase of 2.4dB in the SNR requirement is typically needed to compensate for an increase in the discovery message size from 104 to 224 bits.  This is not insignificant and provides justification for keeping the message as small as possible.  Any further increase in the message size will lead to reduced performance of the discovery procedure and ideally the message size should be reduced from the current estimated value.
In conclusion the following observations and proposal are made:

Observation 1:  An increase of 2.4dB in the SNR required to achieve a given BLER is typically needed to compensate for an increase in the discovery message size from 104 to 224 bits.
Observation 2: UE mobility has a minor impact upon the BLER performance of a discovery message of size 224 bits at MCS 7.
Proposal:  Do not increase the discovery message size beyond 224 bits and ideally reduce it from this current estimated value.
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