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[bookmark: _Ref301342314]Introduction
During RAN1#76bis, D2D communication impact on the cellular communications are discussed [1][2]. 

	
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.



Results of WAN impact
In this section we study D2D communications impact on the WAN. The simulation assumptions are described in Appendix A. Table 1 provides details for the D2D resource allocations. In each resource allocation type 25% of the total resources are allocated for D2D communication (10 MHz bandwidth). In Table 2 two types of WAN resource allocations are listed. In the non-shared case D2D resources are pre-configured and the eNB can only schedule non-D2D resources. In the shared case eNB schedules both the D2D and the non-D2D resources.

Table 1: Resource allocation configuration (D2D allocation)
	Resource allocation method

	TDM
	Time resource
	1 of every 4 subframes

	
	Frequency resource
	44 PRBs

	FDM
	Time resource
	all subframe

	
	Frequency resource
	10 PRBs

	FDM and TDM
	Time resource
	2 of every 4 subframes

	
	Frequency resource
	22 PRBs






Table 2: Resource allocation configuration (WAN allocation)
	Resource allocation method

	Non shared 
	eNB can allocate resources not reserved for D2D

	Shared
	eNB can allocate all resources



In Table 3 and Table 4 simulation results are shown. As expected the WAN performance has 25% degradation in most cases except in the shared cases. In the shared cases there is a gain in reusing the resources for both D2D and WAN communications. FDM shared case shows the least impact on the WAN performance.
Table 3: WAN impact result (Tx Power: 23dBm)
	UL Throughput Average [kbps]
	Degradation from WAN Only [%]

	WAN Only
	683
	0

	FDM
	516
	24.5

	TDM
	519
	23.9

	TDM and FDM
	510
	25.3

	FDM (Shared)
	587
	14.0

	TDM and FDM (Shared)
	551
	19.3
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Figure 1: WAN UL throughput impact (Tx Power: 23dBm)

Table 4: WAN impact result (Tx Power: 31dBm)
	UL Throughput Average [kbps]
	Degradation from WAN Only [%]

	WAN Only
	683
	0

	FDM
	458
	33

	TDM
	495
	27

	TDM and FDM
	469
	31

	FDM (Shared)
	489
	28

	TDM and FDM (Shared)
	437
	36
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Figure 2: WAN UL throughput impact (Tx Power: 31dBm)

Proposal 1:
WAN UL resource allocation should eNB implementation and no resource allocation restriction must be standardized.
Power control results
In this section, we discuss the impact of power control to further improve the FDM-shared case. In [5], we proposed a power control algorithm to be used. This power control mitigates interference at the eNB receiver which is caused by the D2D transmissions.  The interference threshold is set to -100dBm (per 1PRB). The result is listed in Table 5 and Table 6 showing there is negligible performance degradation in the WAN performance if power-control is used to control the D2D transmissions.  
Proposal 2:
D2D Transmit Power control should be supported.
Table 5: WAN impact result (power control) (Tx Power: 23dBm)
	UL Throughput Average [kbps]
	Degradation from WAN Only [%]

	WAN Only
	683
	0

	FDM (Shared) with power control
	682
	0.1



Table 6: WAN impact result (power control) (Tx Power: 31dBm)
	UL Throughput Average [kbps]
	Degradation from WAN Only [%]

	WAN Only
	683
	0

	FDM (Shared) with power control
	648
	5.0



Conclusions
Proposal 1:
WAN UL resource allocation should eNB implementation and no resource allocation restriction must be standardized.
Proposal 2:
D2D Transmit Power control should be supported.
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Appendix A – Evaluation Assumptions
The simulation assumption is basically same as described in [3] [4]. The following is additional information of the simulation.

	Item
	Value

	UE transmit power
	23 dBm, 31dBm

	Transmission power control
	Fixed / Proposed in [5]
maximum interference threshold = -100dBm (per 1PRB)

	Number of D2D broadcast transmitters
	Option 1 (3)

	WAN traffic
	Option 1

	D2D and WAN multiplexing
	D2D resources



	For TDM
   Time resource  : 1 of every 4 subframes
   Frequency resource : 44RBs

For FDM
Time resource  : all subframe
Frequency resource : 10RBs 

For FDM and TDM
Time resource  : 2 of every 4 subframes
Frequency resource : 22RBs

	
	WAN resources

	Scheduling : Proportional Fair

For non-shared
Resources not reserved for D2D
For shared
    All resources

	D2D allocation 
	1 resource unit is 2RBs 
Frequency allocation : Random
Time allocation : 4 subframe interval
No SA’s timing consideration
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