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1
Introduction
In this contribution, we provide a text proposal for the Technical Report 36.843 [1] that collects system simulation results for D2D discovery and communication.
2
Text Proposal

---------------------------------------------------TEXT START--------------------------------------------------------
10
Evaluation results for D2D

RAN1 has performed extensive evaluations of D2D techniques as part of the D2D study item. 
Sections 10.1 presents system level evaluation results obtained by various sources for D2D discovery as per the mandatory Option 1 (details in Appendix A). For discovery, 12 sets of results from a total of 9 sources are used  
Sections 10.2 presents system level evaluation results obtained by various sources for D2D communication as per the mandatory Option 5 agreed (details in Appendix A). For communication, 8 sets of results from a total of 7 sources are used. 
Detailed simulation and design assumptions are provided for both discovery and communication. 

Even though there is a detailed evaluation methodology (Appendix A) that was used by all sources in the evaluation campaign, we acknowledge that a system calibration campaign to align simulation platforms between different sources was not performed. We further note that there are differing design assumptions across various sources which further contribute to the differences in the evaluation results.  Additionally, aspects such as different channel estimation error modeling could be different across different companies. 

10.1
Evaluation results for Discovery

For discovery, the results below provide simulation results for Option 1 agreed in Appendix A. The results capture the mean number of devices discovered with number of discovery periods.  The results are shown in Figure 10.1-1and the same results are also shown in Table x.  Simulation assumptions are captured in Table 10.1-1.

We note that the assumption of number of discovery resources used (sub-frames / PRBs) per discovery period is different for different sources, and the discovery results are dependent on the number of resources to a large extent. 
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Figure 10.1-1 D2D Discovery Performance
Table 10.1-1 D2D Discovery Performance

	Number of discovery periods
	Qualcomm Incorporated
	LG Electronics
	Alcatel-Lucent Shanghai Bell, Alcatel-Lucent
	ZTE
	NTT DOCOMO (32 SFs, 1PRB)
	NTT DOCOMO (64 SFs, 1×2 PRB)
	CATT - Scheme 1
	CATT - Scheme 2
	Intel Corporation: Scheme 1
	Intel Corporation: Scheme 2
	Huawei
	Samsung*
	ETRI

	1
	110 
	79.1 
	104 
	86
	75.8 
	91.9 
	58 
	139 
	112
	106
	111 
	140
	67

	2
	140 
	113.9 
	208 
	110 
	124.6 
	147.2 
	115 
	178 
	143
	131
	137 
	169
	113

	5
	180 
	152.2 
	273 
	134 
	147.5 
	175.4 
	155 
	223 
	185
	182
	158 
	188(4)
	158

	10
	205 
	172.6 
	321 
	150 
	157.0 
	188.8 
	182 
	255 
	222
	221
	164 
	201(8)
	193

	20
	220 
	191.0 
	364 
	165 
	161.6 
	195.7 
	207 
	287 
	240
	242
	166 
	211(16)
	214

	40
	240 
	207.5 
	 
	 
	163.8 
	199.6 
	 
	 
	 
	 
	167 
	215(32)
	


*Note that these results use slightly different number of discovery periods which is captured in brackets. 

Table 10.1-2 Simulation assumptions for D2D discovery

	Description
	Qualcomm Incorporated
	LG Electronics
	Alcatel-Lucent Shanghai Bell, Alcatel-Lucent
	ZTE
	NTT DOCOMO
	NTT DOCOMO
	CATT - Scheme 1
	CATT - Scheme 2
	Intel Corporation: Scheme 1
	Intel Corporation: Scheme 2
	Huawei
	Samsung
	ETRI

	Discovery message size including CRC (bits)
	128.0
	128.0
	104.0
	104.0
	128.0
	128.0
	128.0
	128.0
	128.0
	128.0
	104.0
	104.0
	104.0 

	Transmission BW (RBs)
	2.0
	2.0
	1
	1.0
	1.0
	1.0
	1.0
	1.0
	1.0
	1.0
	1.0
	1.0
	1.0 

	Modulation
	QPSK
	QPSK
	QPSK
	QPSK
	QPSK
	QPSK
	QPSK
	QPSK
	QPSK
	QPSK
	QPSK
	QPSK
	QPSK

	Coding
	Turbo
	Turbo
	Turbo
	Turbo
	Turbo
	Turbo
	Turbo
	Turbo
	Turbo
	Turbo
	Turbo
	Turbo
	Turbo

	Number of symbols/Transmissions
	13.0
	12.0
	14.0
	13.0
	14.0
	28.0
	14.0
	14.0
	14.0
	28.0
	13.0
	14.0
	14.0 

	Number of reference symbols
	2.0
	2.0
	2.0
	2.0
	2.0
	4.0
	2.0
	2.0
	2.0
	4.0
	2.0
	2.0
	2.0 

	Tx Power (dBm)
	23.0
	23.0
	23.0
	23.0
	23.0
	23.0
	23.0
	23.0
	23.0
	23.0
	23.0
	23.0
	23.0 

	IBE model
	{3,6,3,3}
	{3,6,3,3}
	{3,6,3,3}
	{3,6,3,3}
	{3,6,3,3}
	{3,6,3,3}
	{3,6,3,3}
	{3,6,3,3}
	{3,6,3,3}
	{3,6,3,3}
	{3,6,3,3}
	{3,6,3,3}
	{3,6,3,3}

	Resource allocation type (1 or 2A or 2B)
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1.0 

	Number UL resources (SFs/discovery period) -- Option 1
	29.0
	20.0
	40.0
	16.0
	32.0
	64.0
	16.0
	64.0
	30
	30
	63.0
	50
	16.0 

	Number of discovery RBs on discovery subframes
	44.0
	50.0
	24.0
	44.0
	
	
	44.0
	44.0
	44
	44
	
	44
	 44.0

	Discovery period (seconds)
	10.0
	1.0
	5.0
	
	1.0
	
	
	
	
	
	10.0
	10.0
	 


We further note that resource allocation schemes across different sources are different which are summarized below:

1.  Qualcomm Incorporated: Distributed (energy) – see R1-134630.
2.  LG Electronics: Random with Tx prob. 0.5 per period – see R1-140337.
3. Alcatel-Lucent Shanghai Bell, Alcatel-Lucent: Distributed (random selection), refer to R1-140176 for details
4.  ZTE: Randomly select
5.  NTT DOCOMO: Random with indoor UEs sending discovery signal every 2 periods, refer to R1-140630 for details
6. CATT - Scheme 1 [R1-140098]: Random selection with UE grouping (based on Tx UE transmission period&offset)
7.  CATT – Scheme 2 [R1-140098]: Random selection with repetition

8.   Intel Corporation: Scheme 1 [R1-140841]: Random selection with adaptive silencing: Two sub-Discovery Zones (DZs) with deterministic sub-DZ hopping
9.  Intel Corporation:  Scheme 2 [R1-140841]: Random selection with adaptive silencing: Discovery resource size spanning 1 PRB-pair and 2 subframes
10. Samsung: random – see R1-140393
11. ETRI: Random selection with UE and resource grouping (Refer to R1-140852 for details)
10.2
Evaluation results for Communication

For communication, the results below provide simulation results for Option 5 agreed in Appendix A for the VOIP traffic model. The results are shown in Figures 10.2-1 and 10.2-2  and are also shown in Table 10.2-1  and 10.2-2.  Simulation assumptions are captured in Table 10.2-3.
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Figure 10.2-1 D2D Communication VOIP performance
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Figure 10.2-2 D2D Communication performance (VOIP)
Table 10.2-1 D2D Communication performance (VOIP)

	
	Qualcomm Incorporated
	LG Electronics
	Alcatel-Lucent Shanghai Bell
, Alcatel-Lucent
	ZTE
	Intel Corporation
	Huawei
	Interdigital-1
	Interdigital-2

	Option 5 (IN-OUT)
	0.90 
	0.94 
	0.9704
	0.93 
	0.93 
	 
	0.86 
	0.91 

	Option 5 (Hotspot)
	0.71 
	0.79 
	0.7398
	0.69 
	0.85 
	0.6 
	N/A
	N/A

	Option 5 (Uniform)
	0.73 
	0.88 
	0.8267
	 
	0.90 
	0.4 
	0.61 
	0.70 


Table 10.2-2 D2D Communication Performance (VOIP)

	Description
	Qualcomm Incorporated
	LG Electronics
	Alcatel-Lucent Shanghai Bell,
Alcatel-Lucent
	ZTE
	Intel Corporation
	InterDigital-1
	InterDigital-2

	Option 5 (IN-OUT)
	11.7 
	11.24 
	11.6 
	10.0 
	12.06 
	10.10 
	11.50 

	Option 5 (Hotspot)
	60.7 
	73.63 
	63.8 
	61.0 
	75.47 
	N/A
	N/A

	Option 5 (Uniform)
	63.1 
	77.17 
	70.8 
	 
	78.12 
	50.01 
	56.23 


Table 10.2-3 Simulation assumptions for D2D communication (VOIP)

	Description
	Qualcomm Incorporated
	LG Electronics
	Alcatel-Lucent Shanghai Bell
, Alcatel-Lucent
	ZTE
	Intel Corporation
	Huawei
	Interdigital-1 and 2

	Transmission BW (RBs)
	2.0 
	4.0 
	2.0 
	2.0 
	3.0 
	2.0 
	2.0 

	Packet size including CRC (bits)
	352.0 
	328.0 
	352.0 
	352.0 
	352.0 
	328.0 
	328.0 

	Modulation
	QPSK
	QPSK
	QPSK
	QPSK
	QPSK
	QPSK
	QPSK

	Coding
	Turbo
	Turbo
	Turbo
	Turbo
	Turbo
	Turbo
	Turbo

	Number of symbols/Transmissions
	14.0 
	12.0 
	14.0 
	14.0 
	14.0 
	14.0 
	12.0 

	Number of reference symbols
	2.0 
	2.0 
	2.0 
	2.0 
	2.0 
	2.0 
	2.0 

	Tx Power (dBm)
	23.0 
	23.0 
	23.0 
	23.0 
	23.0 
	23.0 
	23.0 

	Num HARQ transmissions
	4.0 
	4.0 
	4.0 
	4.0 
	4.0 
	1.0 
	4.0 

	Frequency Diversity (across transmissions)
	Yes
	No
	No
	Yes
	Yes
	No
	No

	Time Diversity (across transmissions)
	Yes
	No
	No
	Yes
	Yes
	NO
	No

	Number of TX/cell
	3.0 
	3.0 
	3.0 
	3.0 
	3.0 
	3.0 
	3.0 

	IBE model
	{3,6,3,3}
	{3,6,3,3}
	{3,6,3,3}
	{3,6,3,3}
	{3,6,3,3}
	{3,6,3,3}
	No

	RSRP threshold
	-112.0
	-112.0
	-112
	-112.0
	-112.0
	-112.0
	-112.0


 We further note that resource allocation schemes used by companies are different and are summarized below:
1. Qualcomm Incorporated: Distributed (minimum energy based) – see R1-140468 
2. LG Electronics: Min energy with TDM inter-cluster coordination – see R1-140825
3. Alcatel-Lucent Shanghai Bell, Alcatel-Lucent: Distributed (sensing on resource pool)
4. ZTE: Distributed (blindly random)
5. Intel Corporation: See R1-140130 (TDM Assistance from SSs)
6. Huawei: RR – see R1-130443
7. InterDigital – 1: Distributed (Random) – see R1-135607

8. InterDigital – 2: Centralized – see R1-135607

--------------------------------------------------- TEXT END --------------------------------------------------------
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