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1 Introduction

In RAN4#75, WF on D2D performance requirement for single D2D link and multiple D2D link tests were agreed [1][2], and WF on UE synchronization behavior/timing offset modeling was agreed [3]. 

· Single D2D link test

· Discovery : intra/inter-cell synchronous, inter-cell asynchronous

· Communication : intra/inter-cell synchronous, inter-cell asynchronous, OOC

· Multiple D2D link test

· Power imbalance test

· Maximum sidelink process and maximum data rate

· Multiple likes with different subframe

This contribution provides simulation results for D2D demodulation performance based on agreed test cases.
2 Single D2D link test
2.1 D2D Discovery
This section provides simulation results for D2D discovery (PSDCH) performance under single D2D link. 
Simulation test cases based on Table 1 are listed in Table 2, and Figure 2‑1 show PSDCH BLER performance for case 1 and case 2.
Table 1 RMC for PSDCH
	Channel
	Modulation
	Coding
	Info Bits
	CRC
	#PRBs
	#HARQ ReTx

	EPA5
	QPSK
	Turbo
	232
	24
	2
	0


Table 2 Test case for PSDCH
	Simulation case
	Time offset of Tx UE 
(w.r.t. Rx synch source)
	Freq offset of Tx UE 
(w.r.t. Rx synch source)

	Case 1
	+1usec
	+200Hz

	Case 2
	+1usec
	+300Hz
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Figure 2‑1 D2D Discovery PSDCH performance
2.2 D2D Communication
This section provides simulation results for D2D communication (PSCCH/PSSCH/PSBCH) performance under single D2D link.

A. For PSCCH performance
Simulation test cases based on Table 3are listed in Table 4, and Figure 2‑2 show PSCCH BLER performance for case 3 ~6.

Table 3 RMC for PSCCH
	Channel
	Modulation
	Coding
	Info Bits
	CRC
	#PRBs
	#HARQ ReTx

	EVA70
	QPSK
	Conv.
	Refer test case table
	16
	1
	1


Table 4 Test cases for PSCCH
	Simulation case
	Channel BW
	Info Bits
	Time offset of Tx UE 
(w.r.t. Rx synch source)
	Freq offset of Tx UE 
(w.r.t. Rx synch source)

	Case 3
	5MHz
	41
	+1usec
	+200Hz

	Case 4
	10MHz
	43
	+1usec
	+200Hz

	Case 5
	5MHz
	41
	-1usec
	+300Hz

	Case 6
	10MHz
	43
	-1usec
	+300Hz
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Figure 2‑2 D2D Communication PSCCH performance
B. For PSSCH performance

For RMC option 1, simulation test cases based on Table 5 are listed inTable 6, and Figure 2‑3 show PSSCH BLER performance for case 7 ~12.

Table 5 RMC 16QAM/10RBs for PSSCH
	RMC option 1
	Coding
	Info Bits
	CRC
	#PRBs
	MCS
	#HARQ ReTx
	TPRT

	16QAM, TCR 1/2
	Turbo
	2536
	24
	10
	14
	3
	1100 0000


Table 6 Test cases for PSSCH for RMC option 1
	Simulation case
	Channel BW
	Channel
	Freq. Hopping
	Time offset of Tx UE 
(w.r.t. Rx synch source)
	Freq offset of Tx UE 
(w.r.t. Rx synch source)

	Case 7
	5MHz
	EVA70
	No hopping
	+1usec
	+200Hz

	
	10MHz
	
	
	+1usec
	+200Hz

	Case 9
	5MHz
	
	Type 1
	-1usec
	+300Hz

	Case 10
	10MHz
	
	
	-1usec
	+300Hz

	Case 11
	5MHz
	
	Type 2
	+1usec
	+200Hz

	Case 12
	10MHz
	
	
	+1usec
	+200Hz
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Figure 2‑3 D2D Communication PSSCH performance (RMC Option1)
For RMC option 2, simulation test cases based on Table 7 are listed in Table 8, and Figure 2‑4 show PSSCH BLER performance for case 13 ~18 without frequency hopping.
Table 7 RMC 16QAM/full RBs for PSSCH
	RMC option 2
	Coding
	Info Bits
	CRC
	#PRBs
	MCS
	#HARQ ReTx
	TPRT

	16QAM, TCR 1/2
	Turbo
	Refer test case table
	24
	Full RB
	14
	3
	1100 0000


Table 8 Test cases for PSSCH for RMC option 2
	Simulation case
	Channel BW
	Channel
	Info Bits
	Time offset of Tx UE 
(w.r.t. Rx synch source)
	Freq offset of Tx UE 
(w.r.t. Rx synch source)

	Case 13
	5MHz
	EVA70
	6456
	+1usec
	+200Hz

	Case 14
	10MHz
	
	12960
	+1usec
	+200Hz

	Case 17
	5MHz
	
	6456
	-1usec
	+300Hz

	Case 18
	10MHz
	
	12960
	-1usec
	+300Hz
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Figure 2‑4 D2D Communication PSSCH performance (RMC Option2)
For RMC option 3, simulation test cases based on Table 9 are listed in Table 10Figure 2‑5, and  show PSSCH BLER performance for case 19 ~23.
Table 9 RMC QPSK/10RBs for PSSCH
	RMC option 3
	Coding
	Info Bits
	CRC
	#PRBs
	MCS
	#HARQ ReTx
	TPRT

	QPSK, TCR 1/3
	Turbo
	872
	24
	10
	5
	3
	1100 0000


Table 10 Test cases for PSSCH for RMC option 3
	Simulation case
	Channel BW
	Channel
	Freq. Hopping
	Time offset of Tx UE 
(w.r.t. Rx synch source)
	Freq offset of Tx UE 
(w.r.t. Rx synch source)

	Case 19
	5MHz
	EVA70
	No hopping
	+1usec
	+200Hz

	
	10MHz
	
	
	+1usec
	+200Hz

	Case 20
	5MHz
	
	Type 1
	-1usec
	+300Hz

	Case 21
	10MHz
	
	
	-1usec
	+300Hz

	Case 22
	5MHz
	
	Type 2
	+1usec
	+200Hz

	Case 23
	10MHz
	
	
	+1usec
	+200Hz
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Figure 2‑5 D2D Communication PSSCH performance (RMC Option3)
To verify PSSCH performance requirement according to various environments, final test cases for RAN4 requirement could be considered RMC option 2 with EVA70 for test 1, RMC option 1 with EVA70 for test 2, and RMC option 3 with EVA70 for test 3.

· Proposal 1: For test cases of PSSCH under single D2D link case, RMC option 2 with EVA70 for test 1, RMC option 1 with EVA70 for test 2, and RMC option 3 with EVA70 for test 3 could be considered.

C. For PSBCH performance
For PSBCH performance, simulation test cases based on Table 11 are listed in Table 12, and Figure 2‑6 show PSSCH BLER performance for case 24.
Table 11 RMC for PSBCH
	Channel
	Modulation
	Coding
	Info Bits
	CRC
	#PRBs
	#HARQ ReTx

	EPA5
	QPSK
	Conv.
	40
	16
	6
	0


Table 12 Test case for PSBCH
	Simulation case
	Time offset of Tx UE 
(w.r.t. Rx synch source)
	Freq offset of Tx UE 
(w.r.t. Rx synch source)

	Case 24
	0
	0
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Figure 2‑6 D2D Communication PSBCH performance
3 Multiple D2D link test
3.1 Two-link power imbalance

For D2D discovery case, Figure 3‑1 shows PSDCH BLER according to leakage model options in Table 14. 

Table 13 RMC for PSDCH (power imbalance)
	Channel
	Modulation
	Coding
	Info Bits
	CRC
	#PRBs
	#HARQ ReTx

	AWGN
	QPSK
	Turbo
	232
	24
	2
	0


Table 14 Test case for PSDCH (power imbalance)
	Simulation case
	Leakage model from UE1 to UE2 at Rx UE
	Time offset of Tx UE 
(w.r.t. Rx synch source)
	Freq offset of Tx UE 
(w.r.t. Rx synch source)

	Case 25-option1
	-19dBc leakage into adjacent 2RBs
operating SIR 0dB for UE2
	0
	0

	Case 25-option2
	-22dBc leakage into adjacent 2RBs
operating SIR 3dB for UE2
	0
	0
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Figure 3‑1 D2D Discovery PSDCH performance for two-link power imbalance
For D2D communication case Figure 3‑2 shows PSDCH BLER according to leakage model options in Table 16.

Table 15 RMC for PSSCH (power imbalance)
	Channel
	Modulation
	Coding
	Info Bits
	CRC
	#PRBs
	#HARQ ReTx

	AWGN
	QPSK, TCR2/3
	Turbo
	328
	24
	2
	3


Table 16 Test case for PSSCH (power imbalance)
	Simulation case
	Leakage model from UE1 to UE2 at Rx UE
	Time offset of Tx UE 
(w.r.t. Rx synch source)
	Freq offset of Tx UE 
(w.r.t. Rx synch source)

	Case 26-option1
	-19dBc leakage into adjacent 2RBs
operating SIR 0dB for UE2
	0
	0

	Case 26-option2
	-22dBc leakage into adjacent 2RBs
operating SIR 3dB for UE2
	0
	0
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Figure 3‑2 D2D communication PSSCH performance for two-link power imbalance
Based on simulation results, we observe
· Observation 1: For D2D discovery, option 1 leakage model cannot be supported, so option 2 leakage model should be considered for performance requirement.

· Observation 2: For D2D communication, under QPSK RMC, option 1 and option 2 leakage models could be used.

According to observations, for two-link power imbalance test, we propose

· Proposal 2: -22dBc leakage model (operating SIR is 3dB) should be considered for two-link power imbalance test for both discovery and communication.

3.2 Maximum sidelink processes
For D2D discovery, Figure 3‑3 shows PSDCH performance of 50 and 400 sidelink processes based on Table 17 and Table 18.
Table 17 RMC for PSDCH (maximum sidelink processes)
	Channel
	Modulation
	Coding
	Info Bits
	CRC
	#PRBs
	#HARQ ReTx

	AWGN
	QPSK
	Turbo
	232
	24
	2
	3


Table 18 Test case for PSDCH (maximum sidelink processes)
	Simulation case
	Resource pool allocation
	Time offset of Tx UE 
(w.r.t. Rx synch source)
	Freq offset of Tx UE 
(w.r.t. Rx synch source)

	Case 27
	5.1.1, 5.1.2 in [4]
	0
	0
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Figure 3‑3 D2D Discovery PSDCH performance for maximum sidelink processes
For D2D discovery, Figure 3‑4 shows PSDCH performance of 50 and 400 sidelink processes based onTable 19 and 
Table 20
.
Table 19 RMC for PSSCH (maximum sidelink processes)
	Channel
	Modulation
	Coding
	Channel BW
	MCS
	Info Bits
	CRC
	#HARQ ReTx

	AWGN
	16QAM
	Turbo
	5MHz
	27
	15840
	24
	3

	
	
	
	10MHz
	23
	25456
	
	


Table 20 Test case for PSSCH (maximum sidelink processes)
	Simulation case
	Resource pool allocation
	Channel BW
	Time offset of Tx UE 
(w.r.t. Rx synch source)
	Freq offset of Tx UE 
(w.r.t. Rx synch source)

	Case 28
	2.4 in [5]
	5MHz
	0
	0

	Case 29
	
	10MHz
	0
	0
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Figure 3‑4 D2D communication PSSCH performance for maximum sidelink processes
3.3 Multiple sidelink with different subframe

In last RAN4 meeting, the test for multiple links with different subframe was agreed [2]. Test purpose is to verify the PSDCH or PSCCH/PSSCH performance under different synchronization reference for multiple links with non-overlapping resource pools. 
General test configurations are as follows:

· Two D2D Tx UE(Tx1) is for serving cell, and other D2D Tx UE(Tx2) is for neighbor cell (async inter-cell)

· Rx D2D UE synchronization reference
· For intra-cell : serving cell
· For inter-cell : SLSS

· Two non-overlapping resource pools (time domain) 

· Consider lead time for UE to allow for SLSS detection for async inter-cell resource pool during which the UE may skip intra-cell D2D

To simple approach, RMC and simulation scenario can be reused by single D2D link test cases with change resource pool configuration, and resource pool configuration can be considered as Table 21.
Table 21 Test pool configuration for multiple sidelink with different subframe
	SA period 
	40msec

	SLSS subframe
	10000000 00000000 00000000 00000000 00000000

	SA bitmap
	00110000 00000000 00000000 00000000 00000000

	Data bitmap(Tx1-intra cell)
	00001111 11110000 00000000 11111111 00000000

	Data bitmap(Tx2-inter cell)
	00001111 11110000 00001111 11110000 00000000

	T-PRT
	11000000

	Asynch offset
	12.5msec
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· Proposal 3: For multiple sidelink with different subframe test, RMC and simulation scenario can be reused by single D2D link test cases under pool configuration in Table 21.
4 Conclusion 
In this contribution, we provide simulation results for D2D demodulation performance based on agreed test cases, and some observations and proposal are as follows:
For single D2D link for communication,

· Proposal 1: For test cases of PSSCH under single D2D link case, RMC option 2 with EVA70 for test 1, RMC option 1 with EVA70 for test 2, and RMC option 3 with EVA70 for test 3 could be considered.

For two-link power imbalance test,

· Observation 1: For D2D discovery, option 1 leakage model cannot be supported, so option 2 leakage model should be considered for performance requirement.

· Observation 2: For D2D communication, under QPSK RMC, option 1 and option 2 leakage models could be used.

· Proposal 2: -22dBc leakage model (operating SIR is 3dB) should be considered for two-link power imbalance test for both discovery and communication.

For multiple sidelink with different subframe test,

· Proposal 3: For multiple sidelink with different subframe test, RMC and simulation scenario can be reused by single D2D link test cases under pool configuration in Table 21.
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