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1. Introduction

In the previous RAN4 meetings it was agreed that the demodulation performance requirements need to be defined D2D REFSENS RMCs and the respective simulation assumptions were agreed [1-2]. In the previous RAN4 meeting simulation results for D2D RMCs for REFSENS were provided by the companies and tentative performance requirements were defined:
· PSDCH



[0.6] dB

· PSSCH (10MHz)

[-7.9] dB

· PSSCH (5MHz)

[-7.7] dB

However, large span of the simulation results was observed and it was agreed to provide second round of results for the next meeting and also provide alignment simulation results for a set of identified scenarios [3]:
· In RAN4#74, simulation results for D2D RMC for REFSENS was provided by companies
· Results are summarized in R4-151062
· Large span was observed in the results
· PSDCH: 


Span of 1.24 dB
· PSSCH (10MHz): 
Span of 1.97 dB
· PSSCH (5MHz)
: 
Span of 2.22 dB
· It was agreed that Companies are encouraged to further discuss the simulation assumptions and provide second round of results for the next meeting.
· Proposal 1: Rapporteur to initiate email discussion to align simulation results
· Proposal 2: Companies encouraged to provide results for alignment discussion based on the following scenarios to identify any misunderstanding for the simulation assumptions

[image: image5.png]Case | D2D channel | Time offset Frequency Channel HARQ Time/Frequency offset
offset Retransmissions estimation and
compensation
1 PSDCH Ous 0 Hz AWGN 0 {No, Yes}
2 PSSCH (SMHz) | Ous 0 Hz AWGN 0 {No, Yes}
3 PSDCH Ous 0 Hz EVA 0 {No, Yes}
4 PSSCH (SMHz) | Ous 0 Hz EVA 0 {No, Yes}
5 PSDCH +23 Ts Tx: 200Hz AWGN 0 {No, Yes}
6 PSSCH (SMHz) | +23 Ts Tx: 200Hz AWGN 0 {No, Yes}
7 PSSCH (SMHz) | Ous 0 Hz AWGN 3 {No, Yes}





· Proposal 3: Companies encouraged to provide the results for the agreed RMC for D2D REFSENS again in RAN4 #74bis 
· Reuse simulation assumptions agreed in RAN4#73 and #74 in R4-148062 and R4-151093
In this contribution we provide updated D2D REFSENS demodulation simulation results for the PSSCH and PSDCH RMCs based on the agreed simulations assumption. In addition, in the conclusions section we provide the summary of the alignment simulation results based on the agreements in [3].
2. D2D REFSENS demodulation performance
The D2D REFSENS RMCs and demodulation simulation assumptions were agreed in [1-2]. Further agreements on the demodulation parameters downselection were reached in the last RAN4 meeting. The REFSENS RMCs used for the analysis are provided in Table 1 for the PSDCH and Table 2 for the PSSCH. The REFSENS demodulation simulation assumptions are provided in Table 3 which captures both initial agreements in [1] and also the last meeting agreements.
Table 1. D2D discovery reference measurement channel for receiver requirements (FDD)

	Parameter
	Unit
	Value

	Channel bandwidth
	MHz
	1.4
	3
	5
	10
	15
	20

	Allocated resource blocks
	
	
	
	2
	2
	2
	2

	Subcarriers per resource block
	
	
	
	12
	12
	12
	12

	Allocated subframes per Discovery period
	
	
	
	1
	1
	1
	1

	Modulation
	
	
	
	QPSK
	QPSK
	QPSK
	QPSK

	Transport Block Size
	
	
	
	232
	232
	232
	232

	Transport block CRC
	Bits
	
	
	24
	24
	24
	24

	Number of retransmissions
	
	
	
	0
	0
	0
	0

	Binary Channel Bits
	Bits
	
	
	576
	576
	576
	576

	Note 1: For PSDCH transmission, the last symbol shall be punctured as per TS 36.211.

Editor’s Note: Throughput (in kbps) will depend on discovery period configuration. 

Editor’s Note: Further details for specifications will be required (e.g., discovery pool configuration, etc.). However, the above details are sufficient to simulate the RMCs.


Table 2. D2D communications reference measurement channel for receiver requirements (FDD)

	Parameter
	Unit
	Value

	Channel bandwidth
	MHz
	1.4
	3
	5
	10
	15
	20

	Allocated resource blocks
	
	
	
	25
	50
	
	

	Subcarriers per resource block
	
	
	
	12
	12
	
	

	Modulation
	
	
	
	QPSK
	QPSK
	
	

	Transport Block Size
	
	
	
	2216
	4392
	
	

	Transport block CRC
	Bits
	
	
	24
	24
	
	

	Number of retransmissions
	
	
	
	3
	3
	
	

	Binary Channel Bits
	Bits
	
	
	7200
	
14400
	
	

	Note 1:
For PSSCH transmission, the last symbol shall be punctured as per TS 36.211.

Editor’s Note: Further details for specifications will be required (e.g., SA and data pool configuration, etc.). However, the above details are sufficient to simulate the RMCs.


Table 3. D2D REFSENS simulation assumptions

	D2D Test/Simulation parameter
	Proposals

	AGC settling time (not used for demodulation) 
	QPSK: 1 symbol

	Tx EVM
	10%

	Propagation channel
	Static H = [ 1; 1]

	Doppler spectrum
	N/A

	Timing error
	eNodeB DL and D2D Tx/Rx: ±12Ts 

D2D Tx and D2D Rx: ±24Ts

	Frequency error 
	eNodeB UL and D2D Tx/Rx: ±200Hz

D2D Tx and D2D Rx: ±400Hz

	Number PSSCH/PSDCH retransmissions
	PSDCH: 0
PSSCH : 3

	Soft-combining 
	PSDCH: No soft combining for Discovery
PSSCH: Soft combining
Note: Joint-channel estimation over HARQ retransmission is not performed.

	Performance metric
	SNR @ 5% PER


In Figures 1 and 2 we illustrate the PSDCH and PSSCH REFSENS simulation results. The summary of the D2D REFSENS simulation results is provided in Table 4.
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	Figure 1. PSSCH packet error rate vs SNR
	Figure 2. PSDCH packet error rate vs SNR


Table 4. PSSCH/PSDCH REFESENS demodulation performance summary

	Physical channel
	SNR @ 5% PER, [dB]

	PSDCH
	0,56

	PSSCH (5 MHz BW)
	-7,32

	PSSCH (10 MHz BW)
	-7,51


3. Summary
In this contribution, we have provided the simulation results for the D2D REFSENS RMCs. Below, we attach the summary of the simulation results for the D2D REFSENSE RMCs and the alignment simulation results for the scenarios defined in [3].
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Background

		Simulation assumptions

		Parameter		Value

		AGC settling time 
(not used for demodulation)		QPSK: 1 symbol

		Tx EVM		10%

		Propagation channel		Static; H = [1 ; 1]

		Timing error 
(D2D Tx UE - D2D Rx UE)		See below

		Frequency error
(eNodeB UL and D2D Tx / Rx)		See below

		HARQ retransmissions		See below

		Soft-combining		See below

		Performance metric		BLER

		Simulation Cases

		Case		D2D channel		Time offset		Frequency offset		Channel		HARQ Retransmissions		Time/Frequency offset estimation and compensation

		1		PSDCH		0 us		0 Hz		AWGN		0		{No, Yes}

		2		PSSCH (5MHz)		0 us		0 Hz		AWGN		0		{No, Yes}

		3		PSDCH		0 us		0 Hz		EVA		0		{No, Yes}

		4		PSSCH (5MHz)		0 us		0 Hz		EVA		0		{No, Yes}

		5		PSDCH		+23 Ts		Tx: 200Hz		AWGN		0		{No, Yes}

		6		PSSCH (5MHz)		+23 Ts		Tx: 200Hz		AWGN		0		{No, Yes}

		7		PSSCH (5MHz)		0 us		0 Hz		AWGN		3		{No, Yes}

		Note: For PSDCH (2RBs transmission BW), 5MHz channel BW will be used

		Reference measurement channel [TR36.877 v1.1.0]

		Disocvery (PSDCH)		As specified in Table 9.1-1 of TR 36.877 v0.3.0
with Transport block size of 232 (as noted in [1])

		Communications (PSSCH)		As specified in Table 9.1-2 of TR 36.877 v0.3.0





Case 1

				Case 1: BLER

				(a) Without TF offset estimation and correction																(b) With TF offset estimation and correction

				CINR [dB]		Intel		Company		Company		Company		Company		Company				CINR [dB]		Intel		Company		Company		Company		Company		Company

				-3		1.000														-3		1.000

				-2.75		1.000														-2.75		1.000

				-2.5		0.999														-2.5		0.999

				-2.25		0.998														-2.25		0.998

				-2		0.996														-2		0.996

				-1.75		0.984														-1.75		0.985

				-1.5		0.959														-1.5		0.962

				-1.25		0.904														-1.25		0.911

				-1		0.815														-1		0.828

				-0.75		0.676														-0.75		0.695

				-0.5		0.510														-0.5		0.532

				-0.25		0.344														-0.25		0.370

				0		0.203														0		0.227

				0.25		0.106														0.25		0.123

				0.5		0.045														0.5		0.055

				0.75		0.018														0.75		0.021

				1		0.005														1		0.005

				1.25																1.25

				1.5																1.5

				1.75																1.75

				2																2

				2.25																2.25

				2.5																2.5

				2.75																2.75

				Case 1 BLER alignment results								BLER				5%

						Intel		Company		Company		Company		Company		Company						STD		SPAN		AVE

				(a)		0.47		0.00		0.00		0.00		0.00		0.00						0		0		0.4716018678

				(b)		0.52		0.00		0.00		0.00		0.00		0.00						0		0		0.5237740653





Case 1

		



Intel

Company

Company

Company

Company

Company

CINR [dB]

BLER

Case 1a



Case 2

		



Intel

Company

Company

Company

Company

Company

CINR [dB]

BLER

Case 1b



Case 3

				Case 2: BLER

				(a) Without TF offset estimation and correction																(b) With TF offset estimation and correction

				CINR [dB]		Intel		Company		Company		Company		Company		Company				CINR [dB]		Intel		Company		Company		Company		Company		Company

				-4		1.000														-4		1.000

				-3.75		1.000														-3.75		1.000

				-3.5		1.000														-3.5		1.000

				-3.25		1.000														-3.25		1.000

				-3		0.998														-3		0.998

				-2.75		0.902														-2.75		0.895

				-2.5		0.287														-2.5		0.292

				-2.25		0.003														-2.25		0.004

				-2																-2

				-1.75																-1.75

				-1.5																-1.5

				-1.25																-1.25

				-1																-1

				-0.75																-0.75

				-0.5																-0.5

				-0.25																-0.25

				0																0

				0.25																0.25

				0.5																0.5

				0.75																0.75

				1																1

				Case 2 BLER alignment results								BLER				2%

						Intel		Company		Company		Company		Company		Company						STD		SPAN		AVE

				(a)		-2.36		0.00		0.00		0.00		0.00		0.00						0		0		-2.3576531622

				(b)		-2.34		0.00		0.00		0.00		0.00		0.00						0		0		-2.3437553628





Case 3

		



Intel

Company

Company

Company

Company

Company

CINR [dB]

BLER

Case 2a



Case 4

		



Intel

Company

Company

Company

Company

Company

CINR [dB]

BLER

Case 2b



Case 5

				Case 3: BLER

				(a) Without TF offset estimation and correction																(b) With TF offset estimation and correction

				CINR [dB]		Intel (EVA5)		Company		Company		Company		Company		Company				CINR [dB]		Intel (EVA5)		Company		Company		Company		Company		Company

				-9		1.000														-9		1.000

				-8.5		1.000														-8.5		1.000

				-8		0.999														-8		0.999

				-7.5		0.998														-7.5		0.998

				-7		0.997														-7		0.997

				-6.5		0.992														-6.5		0.994

				-6		0.986														-6		0.989

				-5.5		0.979														-5.5		0.983

				-5		0.971														-5		0.974

				-4.5		0.955														-4.5		0.961

				-4		0.932														-4		0.942

				-3.5		0.901														-3.5		0.912

				-3		0.863														-3		0.874

				-2.5		0.823														-2.5		0.837

				-2		0.778														-2		0.796

				-1.5		0.722														-1.5		0.739

				-1		0.663														-1		0.678

				-0.5		0.610														-0.5		0.623

				0		0.559														0		0.571

				0.5		0.511														0.5		0.524

				1		0.462														1		0.475

				1.5		0.401														1.5		0.411

				2		0.344														2		0.351

				2.5		0.306														2.5		0.313

				3		0.271														3		0.278

				3.5		0.228														3.5		0.234

				4		0.191														4		0.196

				4.5		0.169														4.5		0.173

				5		0.149														5		0.152

				5.5		0.123														5.5		0.125

				6		0.099														6		0.101

				6.5		0.084														6.5		0.086

				7		0.070														7		0.072

				7.5		0.054														7.5		0.056

				8		0.042														8		0.043

				8.5		0.035														8.5		0.035

				9		0.030														9		0.029

				9.5		0.025														9.5		0.025

				10		0.021														10		0.021

				10.5																10.5

				11																11

				11.5																11.5

				Case 3 BLER alignment results								BLER				5%

						Intel (EVA5)		Company		Company		Company		Company		Company						STD		SPAN		AVE

				(a)		7.65		0.00		0.00		0.00		0.00		0.00						0		0		7.652425877

				(b)		7.72		0.00		0.00		0.00		0.00		0.00						0		0		7.7221865394
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Company
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Case 6
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Case 7

				Case 4: BLER

				(a) Without TF offset estimation and correction																(b) With TF offset estimation and correction

				CINR [dB]		Intel (EVA5)		Company		Company		Company		Company		Company				CINR [dB]		Intel (EVA5)		Company		Company		Company		Company		Company

				-9		1.000														-9		1.000

				-8.5		1.000														-8.5		1.000

				-8		1.000														-8		1.000

				-7.5		1.000														-7.5		1.000

				-7		0.999														-7		0.999

				-6.5		0.996														-6.5		0.996

				-6		0.991														-6		0.992

				-5.5		0.982														-5.5		0.984

				-5		0.969														-5		0.973

				-4.5		0.950														-4.5		0.955

				-4		0.922														-4		0.928

				-3.5		0.886														-3.5		0.893

				-3		0.839														-3		0.848

				-2.5		0.776														-2.5		0.789

				-2		0.706														-2		0.722

				-1.5		0.644														-1.5		0.660

				-1		0.579														-1		0.593

				-0.5		0.495														-0.5		0.508

				0		0.409														0		0.422

				0.5		0.338														0.5		0.351

				1		0.274														1		0.286

				1.5		0.212														1.5		0.220

				2		0.160														2		0.165

				2.5		0.123														2.5		0.128

				3		0.094														3		0.098

				3.5		0.069														3.5		0.072

				4		0.049														4		0.051

				4.5		0.032														4.5		0.033

				5		0.019														5		0.020

				5.5		0.013														5.5		0.013

				6		0.008														6		0.009

				6.5		0.006														6.5		0.006

				7		0.004														7		0.004

				7.5																7.5

				8																8

				8.5																8.5

				9																9

				9.5																9.5

				10																10

				10.5																10.5

				11																11

				11.5																11.5

				Case 4 BLER alignment results								BLER				5%

						Intel (EVA5)		Company		Company		Company		Company		Company						STD		SPAN		AVE

				(a)		3.97		0.00		0.00		0.00		0.00		0.00						0		0		3.9708336568

				(b)		4.02		0.00		0.00		0.00		0.00		0.00						0		0		4.0221403546
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PDSCH

				Case 5: BLER

				(a) Without TF offset estimation and correction																(b) With TF offset estimation and correction

				CINR [dB]		Intel		Company		Company		Company		Company		Company				CINR [dB]		Intel		Company		Company		Company		Company		Company

				-3																-3		1.000

				-2.75																-2.75		1.000

				-2.5																-2.5		1.000

				-2.25																-2.25		0.999

				-2																-2		0.997

				-1.75																-1.75		0.986

				-1.5																-1.5		0.962

				-1.25																-1.25		0.914

				-1																-1		0.834

				-0.75																-0.75		0.708

				-0.5																-0.5		0.551

				-0.25																-0.25		0.385

				0																0		0.239

				0.25																0.25		0.141

				0.5																0.5		0.074

				0.75																0.75		0.031

				1																1		0.008

				1.25																1.25		0.003

				1.5																1.5		0.001

				1.75																1.75		0.000

				2																2

				2.25																2.25

				2.5																2.5

				2.75																2.75

				3																3

				3.25																3.25

				3.5																3.5

				3.75																3.75

				4																4

				4.25																4.25

				4.5																4.5

				4.75																4.75

				5																5

				Case 5 BLER alignment results								BLER				5%

						Intel		Company		Company		Company		Company		Company						STD		SPAN		AVE

				(a)		0.00		0.00		0.00		0.00		0.00		0.00						0		0		0

				(b)		0.61		0.00		0.00		0.00		0.00		0.00						0		0		0.6131900935
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PSSCH (10MHz)

				Case 6: BLER

				(a) Without TF offset estimation and correction																(b) With TF offset estimation and correction

				CINR [dB]		Intel		Company		Company		Company		Company		Company				CINR [dB]		Intel		Company		Company		Company		Company		Company

				-4																-4		1.000

				-3.75																-3.75		1.000

				-3.5																-3.5		1.000

				-3.25																-3.25		1.000

				-3																-3		0.999

				-2.75																-2.75		0.914

				-2.5																-2.5		0.340

				-2.25																-2.25		0.008

				-2																-2

				-1.75																-1.75

				-1.5																-1.5

				-1.25																-1.25

				-1																-1

				-0.75																-0.75

				-0.5																-0.5

				-0.25																-0.25

				0																0

				0.25																0.25

				0.5																0.5

				0.75																0.75

				1																1

				1.25																1.25

				1.5																1.5

				1.75																1.75

				2																2

				2.25																2.25

				2.5																2.5

				2.75																2.75

				3																3

				3.25																3.25

				3.5																3.5

				3.75																3.75

				4																4

				4.25																4.25

				4.5																4.5

				4.75																4.75

				5																5

				Case 6 BLER alignment results								BLER				5%

						Intel		Company		Company		Company		Company		Company						STD		SPAN		AVE

				(a)		0.00		0.00		0.00		0.00		0.00		0.00						0		0		0

				(b)		-2.37		0.00		0.00		0.00		0.00		0.00						0		0		-2.3721566507
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				Case 7: BLER

				(a) Without TF offset estimation and correction																(b) With TF offset estimation and correction

				CINR [dB]		Intel		Company		Company		Company		Company		Company				CINR [dB]		Intel		Company		Company		Company		Company		Company

				-10		1.000														-10		1.000

				-9.75		1.000														-9.75		1.000

				-9.5		1.000														-9.5		1.000

				-9.25		1.000														-9.25		1.000

				-9		1.000														-9		1.000

				-8.75		1.000														-8.75		1.000

				-8.5		1.000														-8.5		1.000

				-8.25		0.996														-8.25		0.996

				-8		0.888														-8		0.916

				-7.75		0.465														-7.75		0.554

				-7.5		0.100														-7.5		0.148

				-7.25		0.010														-7.25		0.017

				-7		0.002														-7		0.002

				-6.75		0.000														-6.75		0.000

				-6.5																-6.5

				-6.25																-6.25

				-6																-6

				-5.75																-5.75

				-5.5																-5.5

				-5.25																-5.25

				-5																-5

				Case 7 BLER alignment results								BLER				5%

						Intel		Company		Company		Company		Company		Company						STD		SPAN		AVE

				(a)		-7.43		0.00		0.00		0.00		0.00		0.00						0		0		-7.425823514

				(b)		-7.37		0.00		0.00		0.00		0.00		0.00						0		0		-7.3747601853
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		Simulation assumptions [1]

		Parameter		Value

		AGC settling time 
(not used for demodulation)		QPSK: 1 symbol

		Tx EVM		10%

		UE RRC state		Not required for simulation purpose

		Propagation channel		Static; H = [1 ; 1]

		Doppler spectrum		N/A

		Timing error 
(D2D Tx and D2D Rx UE)		±23Ts / ±24Ts

		Frequency error
(eNodeB UL and D2D Tx)		±200Hz
(Note: eNodeB DL and Rx UE upto UE implementation)

		HARQ retransmissions		Discovery (PSDCH): 0
Communications (PSSCH): 3

		Soft-combining		Discovery (PSDCH): No soft combining
Communications (PSSCH): Soft combining

		Performance metric		BLER

		Reference measurement channel [TR36.877 v2.0.0]

		Disocvery (PSDCH)		As specified in Table 9.1-1 of TR 36.877 v2.0.0
with Transport block size of 232 (as noted in [1])

		Communications (PSSCH)		As specified in Table 9.1-2 of TR 36.877 v2.0.0





		

				PSDCH BLER

				CINR [dB]		Intel		Company		Company		Company		Company		Company

				-3		1.000

				-2.75		1.000

				-2.5		1.000

				-2.25		0.998

				-2		0.996

				-1.75		0.986

				-1.5		0.966

				-1.25		0.917

				-1		0.835

				-0.75		0.713

				-0.5		0.561

				-0.25		0.396

				0		0.246

				0.25		0.135

				0.5		0.061

				0.75		0.027

				1		0.010

				1.25		0.004

				1.5		0.002

				1.75		0.000

				2

				2.25

				2.5

				2.75

				PSDCH BLER alignment results								BLER				5%

						Intel		Company		Company		Company		Company		Company						STD		SPAN		AVE

						0.56		0.00		0.00		0.00		0.00		0.00						0		0		0.5623407048





		



Intel

Company

Company

Company

Company

Company

CINR [dB]

BLER

PSDCH



		

				PSSCH (5MHz) BLER

				CINR [dB]		Intel		Company		Company		Company		Company		Company

				-10		1.000

				-9.75		1.000

				-9.5		1.000

				-9.25		1.000

				-9		1.000

				-8.75		1.000

				-8.5		1.000

				-8.25		0.995

				-8		0.928

				-7.75		0.589

				-7.5		0.177

				-7.25		0.031

				-7		0.004

				-6.75		0.001

				-6.5

				-6.25

				-6

				-5.75

				-5.5

				-5.25

				PSSCH BLER alignment results								BLER				5%

						Intel		Company		Company		Company		Company		Company						STD		SPAN		AVE

						-7.32		0.00		0.00		0.00		0.00		0.00						0		0		-7.3179702271
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				PSSCH (10MHz) BLER

				CINR [dB]		Intel		Company		Company		Company		Company		Company

				-10		1.000

				-9.75		1.000

				-9.5		1.000

				-9.25		1.000

				-9		1.000

				-8.75		1.000

				-8.5		1.000

				-8.25		1.000

				-8		0.934

				-7.75		0.446

				-7.5		0.048

				-7.25		0.004

				-7

				-6.75

				-6.5

				-6.25

				-6

				-5.75

				-5.5

				-5.25

				PSSCH BLER alignment results								BLER				5%

						Intel		Company		Company		Company		Company		Company						STD		SPAN		AVE

						-7.51		0.00		0.00		0.00		0.00		0.00						0		0		-7.5054961506
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