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[bookmark: _Ref298777854]Introduction
In RAN4#75 meeting, simulation assumption for discovery was agreed. In this contribution, we provide our preliminary simulation results and the corresponding target required SNR. Furthermore, we share our view for some options. 
Simulation assumption
The simulation parameters were agreed in [1], and they are recapped in Table 1. 
[bookmark: _Ref427324412]Table 1: Simulation parameters for communication
	Test / Simulation Parameters
	Test 1
	Test 2
	Test 3

	Example applicable operating scenario
	Intra-cell / Inter-cell synchronous
	Inter-cell asynchronous
	OOC

	SL-syncConfig configured
	One Rx Pool; 
Sync config not present
	One Neighbor cell Rx Pool;
Sync config present
	One Rx Pool

	# E-UTRA cells
	1 (serving cell – high SNR);
FFS if neighboring cell is configured in the test
	0

	# D2D UEs
	 
	1
	2
	2

	D2D UE 1
	Transmission
	PSCCH+PSSCH
	PSCCH+PSSCH
	PSCCH+PSSCH

	
	PSSCH RMC
	Option 1: 16QAM, TCR 1/2, [10 PRB pairs]
Option 2: 16QAM, TCR 1/2, full BW allocation
Option 3: QPSK, TCR 1/3, [10 PRB pairs]

	
	Timing offset 
	+1us*
(w.r.t. serving cell)
	-1us + 10.1ms
(w.r.t. serving cell)
	+1us 
(w.r.t. D2D UE 2)

	
	Freq offset 
	+200Hz
(w.r.t. serving cell)
	+300 Hz
(w.r.t. serving cell)
	+200 Hz
(w.r.t. D2D UE 2)

	
	TA in PSCCH
	TA = 2 * CP
	TA = 0
	TA = 0

	D2D UE 2
	Transmission
	not present
	SLSS+PSBCH
	SLSS+PSBCH

	
	Timing offset 
	
	+10.1ms
(w.r.t. serving cell)
	(N/A - reference)

	
	Freq offset 
	
	-100 Hz
(w.r.t. serving cell)
	(N/A - reference)

	Propagation Channel
	Serving cell
	[TBD]**
	[TBD]**
	(not present)

	
	D2D UE 1
	EVA70***
	EVA70
	EVA70

	
	D2D UE 2
	-
	EPA5
	EPA5

	Channel BWs
	5 MHz / 10 MHz

	Rx UE assumptions 
(for simulation)****
	Timing reference
	Serving cell
	SLSS (from D2D UE 2)
	SLSS (from D2D UE2)

	
	Timing offset assumption 
(w.r.t. reference)
	[-CP/2 CP/2]
	[-CP/2 CP/2]
	[-CP/2 CP/2]

	
	Frequency reference
	Serving cell
	SLSS (from D2D UE2)

	Simulation results needed 
	PSCCH /PSSCH BLER
	PSCCH / PSSCH BLER
	PSCCH/PSSCH/PSBCH BLER

	* +1us for simulations. Companies can evaluate the impact and possibility of +1us or -1 us, and decide in the next meeting.
** AWGN is the baseline for simulations. Companies can analyze the impact of fading channel for serving cell.
*** Companies can bring further results with high Doppler spread  for Test 1, e.g., EVA300
**** For simulation purpose only; Does not preclude other UE implementations in practice.



Remark on the simulation assumption
For the propagation channel of serving cell, we have two options on the table:
· Option 1: AWGN channel
· Option 2: Fading channel
Since the side link reference timing is based on serving cell for test 1 and test 2, the propagation channel model of serving cell have impact on the UE behavior. For example, for some bad UE implementations, if they just get some initial timing/frequency from serving cell and don’t track the timing/frequency shifting, these UE can achieve really good performance if AWGN channel is used for serving cell although the performance may be very bad in practical scenarios. If fading channel is used for serving cell, the bad UE behavior can be excluded. Hence, we would like to use option 2 as the propagation channel model for the serving cell: 
Proposal 1: Using fading channel model for the serving cell in test 1 and test 2. 
Link level simulation results
PSCCH
Link level simulation results for PSCCH for test 1 (test 3) are shown in Figure 1and Figure 2, and link level simulation results for PSCCH for test 2 are shown in Figure 3 and Figure 4. 
[image: ]
[bookmark: _Ref427334878]Figure 1: PSCCH performance for 5 MHz of test 1 and test 3
[image: ]
[bookmark: _Ref427334888]Figure 2: PSCCH performance for 10MHz for test 1 and test 3
[image: ]
[bookmark: _Ref427334929]Figure 3: PSCCH performance for 5MHz of test 2
[image: ]
[bookmark: _Ref427334931]Figure 4: PSCCH performed for 10MHz for test 2
The target SNR required for each PSCCH test case is shown in Table 2. 
[bookmark: _Ref427323486]Table 2: Target SNR required for each test case
	
	
	Ideal simulation results 
SNR (dB)@ BLER=1% 
	Simulation results with impairment
SNR (dB) @BLER=1% 

	Test 1
	5 MHz
	3.5
	5

	
	10 MHz 
	3.7
	5.2

	Test 2
	5 MHz
	4
	5.5

	
	10 MHz 
	3.7
	5.2

	Test 3
	5 MHz
	3.5
	5

	
	10 MHz
	3.7
	5.2



PSSCH
Performance based on RMC option 1
Link level simulation results for PSSCH based on RMC option 1 are shown in Figure 5~Figure 8. In Figure 5 and Figure 6, link level simulation results for test 1 and test 3 are shown. In Figure 7 and Figure 8, link level simulation results for test 2 are shown. 
[image: ]
[bookmark: _Ref427568984]Figure 5: PSSCH performance for option 1 under test 1 and test 3 with 5MHz
[image: ]
[bookmark: _Ref427569368]Figure 6: PSSCH performance for option 1 under test 1 and test 3 with 10 MHz
[image: ]
[bookmark: _Ref427569403]Figure 7: PSSCH performance for option 1 under test 2 with 5MHz
[image: ]
[bookmark: _Ref427568994]Figure 8: PSSCH performance for option 1 under test 2 with 10MHz
The required SNR for each test case based on RMC option 1 is given in Table 3.
[bookmark: _Ref427569245]Table 3: Target SNR required for each test case when RMC option 1 is used
	
	
	Ideal simulation results 
SNR (dB)@ BLER=30% 
	Simulation results with impairment
SNR (dB) @BLER=30% 

	Test 1
	5 MHz
	-1.4
	0.1

	
	10 MHz 
	-1.5
	0

	Test 2
	5 MHz
	-1.4
	0.1

	
	10 MHz 
	-1.5
	0

	Test 3
	5 MHz
	-1.4
	0.1

	
	10 MHz
	-1.5
	0




Performance based on RMC option 2
Link level simulation results for PSSCH based on RMC option 2 are shown in Figure 9~Figure 14. In Figure 9 ~ Figure 12, link level simulation results for test 1 and test 3 are shown. In Figure 13 and Figure 14, link level simulation results for test 2 are shown. 
[image: ]
[bookmark: _Ref427569474]Figure 9: PSSCH performance for option 2 under test 1 and test 3 with 5MHz (EVA70)
[image: ]
Figure 10: PSSCH performance for option 2 under test 1 and test 3 with 10 MHz (EVA70)
[image: ]
Figure 11: PSSCH performance for option 2 under test 1 with 5MHz (EVA300)
[image: ]
[bookmark: _Ref427569570]Figure 12: PSSCH performance for option 2 under test 1 with 10 MHz (EVA300)
[image: ]
[bookmark: _Ref427569618]Figure 13: PSSCH performance for option 2 under test 2 with 5MHz (EVA70)
[image: ]
[bookmark: _Ref427569531]Figure 14: PSSCH performance for option 2 under test 2 with 10 MHz (EVA70)
The required SNR for each test case based on RMC option 2 is given in Table 4.
[bookmark: _Ref427569713]Table 4: Target SNR required for each test case when RMC option 2 is used
	
	
	
	Ideal simulation results 
SNR (dB)@ BLER=30% 
	Simulation results with impairment
SNR (dB) @BLER=30% 

	Test 1
	EVA70
	5 MHz
	-1.6
	-0.1

	
	
	10 MHz 
	-1.7
	-0.3

	
	EVA300
	5 MHz
	-1.9
	-0.4

	
	
	10 MHz
	-1.9
	-0.4

	Test 2
	EVA70
	5 MHz
	-1.5
	0

	
	
	10 MHz 
	-1.7
	-0.2

	Test 3
	5 MHz
	-1.6
	-0.1

	
	10 MHz
	-1.7
	-0.3








Performance based on RMC option 3
Link level simulation results for PSSCH based on RMC option 3 are shown in Figure 15 ~ Figure 18. In Figure 15 and Figure 16, link level simulation results for test 1 and test 3 are shown. In Figure 17 and Figure 18, link level simulation results for test 2 are shown. 

[image: ]
[bookmark: _Ref427569774]Figure 15: PSSCH performance for option 3 under test 1 and test 3 with 5MHz
[image: ]
[bookmark: _Ref427569819]Figure 16: PSSCH performance for option 3 under test 1 and test 3 with 10 MHz (EVA70)
[image: ]
[bookmark: _Ref427569831]Figure 17: PSSCH performance for option 3 under test 2 with 5MHz (EVA70)
[image: ]
[bookmark: _Ref427569787]Figure 18: PSSCH performance for option 3 under test 2 with 10 MHz (EVA70)
The required SNR for each test case based on RMC option 3 is given in Table 5.

[bookmark: _Ref427569891]Table 5: Target SNR required for each test case when RMC option 3 is used
	
	
	Ideal simulation results 
SNR (dB)@ BLER=30% 
	Simulation results with impairment
SNR (dB) @BLER=30% 

	Test 1
	5MHz
	-6.5
	-5.0

	
	10 MHz 
	-6.5
	-5.0

	Test 2
	5 MHz
	-6.2
	-4.7

	
	10 MHz
	-6.4
	-4.9

	Test 3
	5 MHz
	-6.5
	-5.0

	
	10 MHz
	-6.5
	-5.0






Remark on RMC options
For PSSCH, currently, there are three options for the RMCs. For option 1, it only covers partial resource allocation. For option 2, it only covers full bandwidth resource allocation. Both option 1 and option 2, only 16QAM is considered, there is no coverage for QPSK. For legacy performance requirements, the modulation may be not so important. However, for D2D demodulation, QPSK and 16QAM may use different number of OFDM symbols for AGC. Hence, the performance may have slightly difference. Hence, both modulations are important. In order to have wider coverage, we can mixture the resource allocation, modulation and the test.  As one example for the configuration, the configuration can be given as Table 6. 
[bookmark: _Ref427331871]Table 6: RMC configurations for different test cases
	
	Resource allocation
	Modulation
	Note:

	Test 1
	10 PRBs
	16QAM, TCR 1/2
	Corresponding to RMC option 1

	Test 2
	Full allocated
	16QAM, TCR 1/2
	Corresponding to RMC option 2

	Test 3
	10 PRBs
	QPSK, TCR 1/2
	Corresponding to RMC option 3



Proposal 2: Adopting Table 6 as RMC configurations for each PSSCH test.

Conclusion
In this paper, we provide our link level simulation results for PSCCH and PSSCH. We hope the group can consider these results when the performance requirements are defined. Furthermore, for the propagation  model for serving cell in test 1 and test 2, we propose:
Proposal 1: Using fading channel model for the serving cell in test 1 and test 2. 
For the options of RMCs for different test cases of PSSCH, we have the following proposal:
Proposal 2: Adopting Table 6 as RMC configurations for each PSSCH test.
Reference
[1]. [bookmark: _Ref427324447]R4-153684, WF on single D2D link demodulation performance requirements, Qualcomm Incorporated, LGE, Ericsson, Huawei, HiSilicon, Intel, Samsung, May 2015.
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