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1. Introduction

In the previous RAN4 meeting it was agreed that the D2D REFSENS demodulation performance needs to be analyzed and the respective simulation assumptions were agreed in [1].
In this contribution we provide the D2D REFSENS demodulation simulation results for the PSSCH and PSDCH RMCs based on the agreed simulations assumption. Besides, we share our views on the additional modelling parameters and propose downselection of the parameters.

2. Simulation assumptions
In the previous RAN4 meeting the D2D REFSENS demodulation simulation assumptions were agreed [1] along with previously defined REFSENS RMCs [2].
The REFSENS RMCs used for the analysis are provided in Table 1 for the PSDCH and Table 2 for the PSSCH. Comparing to the previous agreements we suggest a number of technical and editorial changes to the RMCs tables. The main modifications are:
· Change PSDCH Transport Block Size to the 232 following the latest agreements in other WGs.
· Remove the UE category field, since there is currently no decision on the linkage of UE categories and D2D capabilities. 

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.


The REFSENS demodulation simulation assumptions are provided in Table 3. Comparing to the previous agreements in [1] we suggest a number of changes and clarifications on the test setup:

· Timing error: The timing error for eNodeB DL and D2D Tx was specified to be ±12Ts which corresponds to the DL timing measurement accuracy at the UE side for the cellular link. The error model is defined under assumption of using DL transmit timing for D2D transmissions (i.e. PSDCH and Mode 2 PSSCH). In general, the D2D receive timing error for the demodulation performance analysis should include 1) D2D transmitter timing accuracy, 2) D2D receiver timing accuracy 3) propagation timing (which would depend on the propagation between the eNodeB and D2D Tx/Rx nodes and between D2D Tx and Rx nodes). For the D2D REFSENS it can be assumed that inter-node propagation is zero. Meanwhile, both Tx and Rx side timing measurement errors should be taken into account. Assuming that both transmitter and receiver D2D nodes have ±12Ts timing measurements accuracy, the resulting D2D receive signal timing error would be equal to ±24Ts. So, we think that the demodulation performance needs to be defined under such conditions.
· Frequency error: The frequency error between DL and D2D Tx was also tentatively specified. In particular, two possible models were discussed: ±10 Hz and ±200Hz. Assuming that synchronization for both D2D transmitter and receiver is derived from the eNodeB the resulting frequency error at the D2D Rx side would be doubled. Therefore, the demodulation performance should be derived under assumptions of receive frequency error of ±20Hz and ±400Hz. The ±200 Hz transmit frequency error corresponds the ±0.1 ppm requirement for the UE frequency accuracy at the 2 GHz carrier. So, this value should be used to define the final baseband performance values.
· Soft combining: Based on previous agreements no soft combining is assumed for the PSDCCH receive processing. Meanwhile for PSSCH whether soft combining is used or not is FFS. Assuming that PSSCH is designed in a way that the transmission always occupies 4 TTIs and the RMC are defined in a way that all 4 transmissions are done typical UE would apply the soft combining of the retransmissions. Hence, the requirements should defined the assuming UE applies PSSCH soft combining.
· Performance metrics: Given the fact that the throughput may significantly depend on the resource allocation pattern in time domain, we suggest using the PER metrics instead. Similar to the DL REFSENS, the SNR at the 95% maximum throughput or effectively 5% PER can be used as the reference point.
· PSCCH: In the test setup the PSCCH should be used to transfer the scheduling assignments for the PSSCH. To ensure reliable PSCCH decoding the receive SNR over allocated PRBs for the PSSCH reception should be high enough which is a reasonable assumption for the coverage limited scenarios.
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: ±24Ts 
D2D Tx and D2D Rx: ±24Ts

	Frequency error 
	eNodeB UL and D2D Tx/Rx: ±10 Hz, ±200Hz (baseline)
D2D Tx and D2D Rx: ±20 Hz, ±400Hz (baseline)

	Number PSSCH/PSDCH retransmissions
	PSDCH: 0
PSSCH : 3

	Soft-combining 
	No soft combining for Discovery
Communication: 
    Baseline: Soft combining
    Optional: No soft combining
Note: Joint-channel estimation over HARQ retransmission is not performed.

	Performance metric
	SNR @ 5% PER


3. Simulation results
3.1 PSSCH

The BLER results for the PSSCH REFSENS RMCs are illustrated below for the following four cases:
· Case 1: Frequency Error ±20Hz; No soft combining (Figure 1)
· Case 2: Frequency Error ±400Hz; No soft combining (Figure 1)
· Case 3: Frequency Error ±20Hz; Soft combining (Figure 2)
· Case 4: Frequency Error ±400Hz; Soft combining (Figure 2)
The summary of the simulation results is provided in Table 4. 
Table 4. PSSCH REFESENS demodulation performance summary

	Test Case
	SNR @ 5% PER, [dB]

	
	5 MHz
	10MHz

	Case 1 (Frequency Error ±20Hz; No soft combining)
	-1.8
	-2.0

	Case 2 (Frequency Error ±400Hz; No soft combining)
	-1.8
	-2.0

	Case 3 (Frequency Error ±20Hz; Soft combining)
	-6.7
	-7.1

	Case 4 (Frequency Error ±400Hz; Soft combining)
	-6.6
	-7.0
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Figure 1. PSSCH packet error rate vs SNR (No soft combining)
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Figure 2. PSSCH packet error rate vs SNR (Soft combining)

It can be seen that there is small 0.2-0.4 dB difference in the PSSCH performance for the 5 MHz and 10MHz channels that can be explained by better time/frequency offset compensation at the 10MHz channels. In addition, the results show that ±400Hz receive frequency errors can be rather efficiently compensated with minor performance degradation vs ±20Hz frequency error case.

3.2 PSDCH

The BLER results for the PSDCH REFSENS RMCs are illustrated in Figure 3 for the following two cases:

· Case 1: Frequency Error ±20Hz, No soft combining
· Case 2: Frequency Error ±400Hz, No soft combining
The summary of the simulation results is provided in Table 5. The simulation results are provided for the 5MHz BW. The demodulation performance for the remaining RMCs for the 10MHz, 15MHz and 20 MHz BW values are identical. In addition, similar to the PSSCH case the results show that ±400Hz receive frequency errors can be efficiently handled.
Table 5. PSDCH REFESENS demodulation performance summary

	Test Case
	SNR @ 5% PER, [dB]

	Case 1 (Frequency error ±20Hz)
	0.8

	Case 2 (Frequency error ±400Hz)
	0.9


[image: image3.emf]-4 -3 -2 -1 0 1 2

10

-2

10

-1

10

0

Packet error rate

SNR, dB (over allocated PRBs)

PSDCH

 

 

PSDCH, Frequency error 20Hz

PSDCH, Frequency error 400Hz

5% PER


Figure 3. PSDCH packet error rate vs SNR
4. Conclusions

In this contribution, we have provided the simulation results for the D2D REFSENS RMCs and share our views on the selected RMC parameters and simulation assumptions. We think that further discussion on the alignment of the remaining simulation assumptions is needed before finalizing the REFSENS performance values.
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