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1. Introduction
In RAN1 #76bis meeting, simulation requirements for D2D were discussed, for the study on the impact to WAN [1].

Agreements:
· The following work plan is proposed for RAN1:

· Companies are invited provide results on cellular impact by discovery and/or communication D2D in RAN1#77 

· Discovery and communication should be evaluated separately

· Simulations assumptions according to TR 36.843

· Focus on VoIP traffic model for D2D PS communication

· In addition to metrics related to D2D performance (as in TR 36.843, section 10), the following metrics related to impact on cellular can be provided :

· Mandatory performance metrics are those agreed in the TR, with and without D2D, with and without the potential solutions

· Additionally, companies may provide other results (e.g., PUCCH BLER), with and without D2D, with and without the potential solutions

· Discuss solutions at RAN1#77 and specify them in case of standard impact
· Companies are invited to discuss remaining simulation parameters that need to be harmonized to provide meaningful results.

Moreover, simulation assumptions were concluded after email discussion [2]. In this contribution, D2D impact on WAN is studied via system-level simulation. Both discovery and communication are evaluated according to simulation configurations agreed in [2].
2. Performance of discovery and WAN co-existence
Simulation assumptions for discovery are aligned with the agreements in [2]:
Deployment scenarios

· Option 1 (general) – in coverage scenario for discovery 
· WAN deployment is FDD
UE Transmit Power

· UE transmit power is fixed as 23dBm

In-band emissions model: [0, 0, 0, 0]. 

For WAN traffic, option 1 is simulated:

· Option 1: 10 UEs per cell that do not participate in D2D (discovery or communication) but have full buffer downlink and uplink WAN traffic. UEs that participate in D2D do not have WAN traffic.

For discovery:

· 150 UEs per cell participate in discovery in total.
· D2D discovery resources: 64 out of 10000 sub-frames are used for discovery.
Only Type 1 discovery is simulated considering that performance difference between Type 1 and Type 2B is assumed negligible.
PUCCH performance is shown in Fig.1 and Fig.2. Statistics of SINR is collected per UE in Fig. 1, where SINRs of different PRBs of a UE are averaged. While in Fig. 2, statistics is collected per PRB. Detailed simulation parameters can be found in the Appendix.
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Figure 1 CDF of SINR of PUCCH (collected per UE) in discovery
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Figure 2 CDF of SINR of PUCCH (collected per PRB) in discovery
The curves in Fig. 1 show that discovery transmission has relatively minor impact on PUCCH. However in Fig. 2, it is observed that per PRB SINR of PUCCH suffers significantly due to the in-band emission. As PUCCH occupies both edge of the operating bandwidth, certain averaging effect is expected. PUCCH often has closed-loop power control, which can reduce the variation of SINR per PRB. Therefore, results in Fig. 1 and Fig.2 may reflect the best and worst cases, respectively.

Downlink WAN throughput is shown in Fig.3. It is observed that the performance degradation is quite small. 
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Figure 3 Performance comparison of WAN PDSCH considering discovery

Take a closer look at the performance numbers in Table 1 and Table 2. Note that in Table 1, we only collect the subframes that are affected by D2D (64 of 10000 subframes); while in Tab.2, the results are collected considering the downlink performance averaged over all the downlink subframes.
Table 1 Numerical results WAN PDSCH evaluation considering discovery (impacted subframes only)
	
	Average spectrum efficiency

(bits/Hz/sector)
	Average throughput loss ratio
	Cell-edge spectrum efficiency
	Cell-edge throughput loss ratio

	WAN only (layout Option 1)
	1.7827
	0
	0.0563
	0

	Discovery enabled
	1.7641
	1.04%
	0.0512
	9.06%


Table 2 Numerical results WAN PDSCH evaluation considering discovery (total downlink subframes)
	
	Average spectrum efficiency

(bits/Hz/sector)
	Average throughput loss ratio
	Cell-edge spectrum efficiency
	Cell-edge throughput loss ratio

	WAN only (layout Option 1)
	1.7827
	0
	0.0563
	0

	Discovery enabled
	1.78258096
	6.6775e-005
	0.05626736
	5.798e-004


Observation 1: WAN downlink performance degradation caused by discovery is marginal.
3. Performance of WAN and communication co-existence
Simulation assumptions for communication are aligned with the agreements in [2] as well:

Deployment scenarios

· Option 5 (PS) –outdoor uniform for communication 
· WAN deployment is FDD
UE Transmit Power

· UE transmit power is fixed as 23dBm and 31dBm
In-band emissions model: [0, 0, 0, 0]. 
Both Mode 1 and Mode 2 are simulated.
N_b, total UEs per cell participate in broadcast in total. 
N_b is 32.
For WAN traffic, option 1 is simulated:

· Option 1: 10 UEs per cell that do not participate in D2D (discovery or communication) but have full buffer downlink and uplink WAN traffic. UEs that participate in D2D do not have WAN traffic.

For D2D communication:
· Option 1: Average number of broadcast transmitters per cell is 3

· Option 2: Average number of broadcast transmitters per cell is 6

· Both Option 1 and 2 are simulated.

Minimum association threshold for broadcast: -107dBm 

Maximum number of D2D HARQ transmissions: 4 

D2D and WAN multiplexing:

· TDM of D2D broadcast and WAN 

PUCCH performance is shown in Fig.4 ~ Fig.7. The assumptions are similar with that of Fig.1 and Fig.2.
[image: image4.emf]-10 -5 0 5 10 15

0

10

20

30

40

50

60

70

80

90

100

C.D.F.[%]

SINR(dB)

 

 

No In-band Emission

D2D:3UEs,Mode1

D2D:3UEs,Mode2

D2D:6UEs,Mode1

D2D:6UEs,Mode2


Figure 4 CDF of SINR of PUCCH (collected per UE) in D2D communication, 23dBm
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Figure 5 CDF of SINR of PUCCH (collected per PRB) in D2D communication, 23dBm
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Figure 6 CDF of SINR of PUCCH (collected per UE) in D2D communication, 31dBm
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Figure 7 CDF of SINR of PUCCH (collected per PRB) in D2D communication, 31dBm
Downlink WAN throughput is shown in Fig.8 and Fig.9 for 23dBm and 31dBm transmission power respectively. It is observed that the performance degradation is very small with D2D communication enabled. 

[image: image8.emf]0 0.1 0.2 0.3 0.4 0.5 0.6 0.7

0

10

20

30

40

50

60

70

80

90

100

C.D.F.[%]

Normalized User Throughput[bps/Hz]

Downlink

 

 

WAN only

D2D:3UEs,Mode1

D2D:3UEs,Mode2

D2D:6UEs,Mode1

D2D:6UEs,Mode2


Figure 8 Performance comparison of WAN PDSCH considering D2D communication (23dBm)
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Figure 9 Performance comparison of WAN PDSCH considering D2D communication (31dBm)

Numerical results are collected and shown in Table 3 and Table 4.
Table 3 Numerical results WAN PDSCH evaluation considering communication (impacted subframes only)
	
	Average spectrum efficiency

(bits/Hz/sector)
	Average throughput loss ratio
	Cell-edge spectrum efficiency
	Cell-edge throughput loss ratio

	WAN only (layout Option 5 )
	1.7143
	0
	0.0532
	0

	23dBm
	3 UE
	Mode 1
	1.7107
	0.21%
	0.0508
	4.51%

	
	
	Mode 2
	1.7105
	0.22%
	0.0509
	4.32%

	
	6UE
	Mode 1
	1.7105
	0.22%
	0.0506
	4.89%

	
	
	Mode 2
	1.7105
	0.22%
	0.0506
	4.89%

	31dBm
	3 UE
	Mode 1
	1.7101
	0.24%
	0.0512
	3.76%

	
	
	Mode 2
	1.7095
	0.28%
	0.0511
	3.95%

	
	6UE
	Mode 1
	1.7095
	0.28%
	0.0508
	4.51%

	
	
	Mode 2
	1.7093
	0.29%
	0.0511
	3.95%


Table 4 Numerical results WAN PDSCH evaluation considering communication (total downlink subframes)
	
	Average spectrum efficiency

(bits/Hz/sector)
	Average throughput loss ratio
	Cell-edge spectrum efficiency
	Cell-edge throughput loss ratio

	WAN only (layout Option 5)
	1.7143
	0
	0.0532
	0

	23dBm
	3 UE
	Mode 1
	1.7134
	5.2500e-004
	0.0526
	0.0112781954

	
	
	Mode 2
	1.71335
	5.5416e-004
	0.052625
	0.01080827

	
	6UE
	Mode 1
	1.71335
	5.5416e-004
	0.05255
	0.012218045

	
	
	Mode 2
	1.71335
	5.5416e-004
	0.05255
	0.012218045

	31dBm
	3 UE
	Mode 1
	1.71325
	6.1249e-004
	0.0527
	0.00939849

	
	
	Mode 2
	1.7131
	6.9999e-004
	0.052675
	0.00986842

	
	6UE
	Mode 1
	1.7131
	6.9999e-004
	0.0526
	0.0112781954

	
	
	Mode 2
	1.71305
	7.2916e-004
	0.052675
	0.00986842


Observation 2: WAN downlink performance degradation caused by D2D communication is marginal.
4. Summary
In this contribution, WAN performance was evaluated when co-existing with D2D discovery and communication. From the initial evaluations, it is observed that:
Observation 1: WAN downlink performance degradation caused by discovery is marginal.
Observation 2: WAN downlink performance degradation caused by D2D communication is marginal.
Therefore, we have the following proposal:
Proposal 1: no optimization for D2D needs to be considered in Release-12. 
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Appendix: Simulation assumptions

	Parameter
	Assumption

	Layout
	Option 1 for discovery and Option 5 for communication

	Channel model
	According to TR 36.843 v1.2.0

	Carrier frequency
	2G MHz

	System bandwidth
	10 MHz

	Network synchronization
	All eNodeBs are synchronized

	UE antenna configuration
	1 TX 2 RX

	Transmit power
	23dBm/31dBm, Antenna gain 0 dBi, Noise figure 9 dB

	UE drop for D2D UEs, for discovery
	As described in TR 36.843 v1.2.0

	Discovery signal format
	1 PRB PUSCH with two slots

	Resource allocation
	Random allocation within each period as baseline

	In-band emission
	[W,X,Y,Z] = [0,0,0,0]dB

	PUCCH Power Control
	P=Po+ Alpha×PL
Po=-80dBm，Alpha = 0.8

	Discovery message payload
	104 bits

	Multiple access type
	SC-FDMA

	Modulation type
	QPSK

	UE mobile speed
	3km/h for Option 1 and 60km/h for Option 5
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