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During RAN1#74bis, the following working assumptions are agreed [1].
	Working Assumption: 
· Discovery uses a sequence plus message
· It is FFS whether the sequence may be the demodulation RS of the message
· For the message:
· PUSCH structure is reused, with:
· CRC is inserted, FFS between 16 and 24 bits
· Channel coding is used, FFS between Rel-8 turbo and tail-biting convolutional codes
· Rate matching is used for bit size matching and possibly for generating multiple transmissions
· Scrambling is to be used for interference randomization
· FFS whether UE-specific or not
· PUSCH DMRS is transmitted
· Possible additional RS is FFS
· Possible modifications to interleaver FFS
· CP length FFS
· Detailed RE mapping FFS
· Guard period details FFS
· FFS: consider the need for a time-varying hashing/scrambling function prior to channel coding



In this contribution, we focus on the channel coding design for D2D discovery signal and present the comparison between Rel-8 turbo and tail-biting convolutional codes using link level evaluations with the dual mobility Doppler model agreed in the E-mail Discussion [2]. It is assumed that all the UEs are synchronized to a common source.
Comparison between turbo coding and TBCC
In this section, we present the link-level performance comparison between turbo coding and tail biting convolutional coding (TBCC). The simulation assumptions are detailed in Table 3, Appendix A. The message size is 104 bits and the channel model is ITU-R UMi channel model in NLOS with dual-mobility as described in [2] with UE velocities (60, 60) kmph. The same length CRC, 24 bits is used for both turbo coding and TBCC. The results are shown in Figure 1 and Table 1.
Figure 1 and Table 1 show the BLER performance difference between turbo coding and TBCC. The results show insignificant difference in performance in both cases of 1RB (less than 0.1dB at BLER=0.1) and 2RBs (0.1dB at BLER=0.1).
On the other hand, the computation load of turbo decoding is much larger when compared to tail biting convolutional decoding. Lesser computational load is an important factor because the UEs may require to decode a large number of D2D discovery signals within a given time period depending upon the number of candidate discovery signals. Therefore, we conclude the TBCC is preferable for D2D discovery signal.



Observation 1:
The link-level performance between turbo coding and TBCC is insignificant given the message size is 104 bits long.

Observation 2:
Considering higher decoding complexity of turbo codes relative to TBCC and requiring large number of candidate discovery signal decoding in a given time period it is preferred to use TBCC as it has lesser computational load.
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Figure 1: BLER Performance (turbo coding vs. TBCC)

Table 1: The link gain of turbo coding compared to TBCC at BLER=0.1
	1RB
	2RBs

	0.0dB
	0.1dB




CRC length for D2D discovery signal
In section 2, it is assumed the CRC length is 24 bits. In case that the message size is short such as 104 bits, we explore the possibility of using 16 bits CRC. In this section we present the link-level performance comparison between TBCC with 16 bits CRC and TBCC with 24 bits CRC. The results are shown in Figure 2 and Table 2.
Figure 2 and Table 2 show 16 bits CRC has small gain (0.3dB) in the both cases 1RB and 2RBs.
On the other hand, as indicated in [3] the false alarm probability for CRC 16 is relatively higher than CRC 24. . Therefore, we conclude 24 bits CRC is preferable from both the link level performance and the false alarm probability perspective. 
Observation 3:
From both the link-level performance and the false alarm probability perspective, TBCC with 24 bits CRC is preferable for D2D discovery signal.
Proposal:
Based on the above observations we propose TBCC with 24 bits CRC for D2D discovery signal.
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Figure 2: BLER Performance (16 bits vs. 24 bits CRC)

Table 2: The link gain of 16 bits CRC compared to 24 bits CRC at BLER=0.1
	1RB
	2RBs

	0.3dB
	0.3dB


Conclusions
Observation 1:
The link-level performance between turbo coding and TBCC is insignificant given the message size is 104 bits long.
Observation 2:
Considering higher decoding complexity of turbo codes relative to TBCC and requiring large number of candidate discovery signal decoding in a given time period it is preferred to use TBCC as it has lesser computational load. 
Observation 3:
From both the link-level performance and the false alarm probability perspective, TBCC with 24 bits CRC is preferable for D2D discovery signal.

Proposal:
Based on the above observations we propose TBCC with 24 bits CRC for D2D discovery signal.
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Appendix A: Simulation Assumptions
The PUSCH format is shown in Figure 3. Simulation assumptions are shown in the Table 3.
Data Symbol
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DMRS


Figure 3: PUSCH Format


Table 3: Simulation assumptions
	Carrier frequency
	2000 [MHz]

	System Bandwidth
	10 [MHz]

	Channel model
	ITU-R UMi NLOS w/ dual-mobility

	Dual-Mobility Type
	Agreement in [2]

	Moving direction of Tx UE and Rx UE
	Uniform Random(-180-180[deg.]),
independently

	Number of Tx Antennas
	1

	Number of Rx Antennas
	2

	Number of allocated RBs
	1RB(MCS 7)  2RBs(MCS 3)

	MCS
	3,7

	UE velocities pairs (Tx, Rx)
	(60,60)

	Message size
	104 bits

	Frame format
	PUSCH

	Channel Estimation
	ZF with linear interpolation in time

	Receiver Type
	MRC
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