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1 Introduction
In this contribution we look at some of the issues related to OOB interference to adjacent services. In [1] we identified the D2D deployment scenarios for PSBB and presented some aspects that needed to be considered to address co-existence due to D2D operation in the adjacent channel. In this contribution we present some of our simulation results taking into account these considerations.
2.
Simulation assumptions
D2D users (Operator A) could be adjacent to an adjacent channel (Operator B) in all the scenarios shown below in Figure 1. Therefore, the OOB interference from a D2D device into the adjacent channel should be considered as this could impact the UL throughput of this interfered carrier (Operator B)
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Figure 2-1: D2D co-existence / network scenarios

Simulations to investigate the mutual interference impact of E-UTRA are based on snapshots where users are randomly placed in a predefined deployment scenario (Monte-Carlo approach) [2].  In our example, two 10MHz channel systems below 1GHz are assumed to be deployed in adjacent spectrum with one system running D2D communications and the other system without D2D communications. Using this Monte-Carlo approach, results are presented for the victim (Operator B) in terms of throughput reduction due to different percentage of D2D users in the adjacent channel (Operator A).
The power control parameters for the victim system (Operator A) are described in Table 2-1, which is the same as used in [1] for the 2GHz band, except that the cell range is 1km instead of 0.5km, to account for the better propagation property in 700MHz band. Additionally, we considered the following:
For D2D operation we considered the following: 
· Percentage of users doing D2D communications: 0%, 10%, 50% and 100%
· D2D communications are allocated both over full channel bandwidth and a restricted centre location
· Assuming full transmit power for D2D communications i.e. no power control in D2D mode. For users not in D2D mode, they are using the same power control parameter as the victim system.
3 Simulation results

Simulation parameters are provided in Annex A.  The performance of the UL power control algorithm has a large impact on the co-existence performance and system throughput between adjacent systems. The work is [1] based on two power control algorithm, SET 1 which was biased toward maximizing the LTE throughput and SET 2 which is optimized for co-existence and throughput. 
Figure 3-1 showed the CDF of UE transmission power with both power control parameter sets. For users not in D2D mode, they are using the same power control parameter as the victim system (either set 1 or set 2).
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Figure 3-1 UE Tx power CDF for both power control sets

Table 3-1 shows the relative average and cell edge throughput degradation of the victim system (operator A) for different % number of D2D UE in the adjacent cell (Operator B).  As the % of UE operating in D2D mode increase (0%, 10%, 50%, and 100%) the interference from the adjacent D2D enable cell is quite high 

	Table 3-1 Relative throughput (cell average/cell edge) degradation due to adjacent system interference

	Victim system Power control parameter
	Aggressor system with % of UEs in D2D communications

	
	0% UE in D2D
	10% UE in D2D
	50% UE in D2D
	100% UE in  D2D

	
	Cell average
	Cell edge 
	Cell average
	Cell edge 
	Cell average
	Cell edge 
	Cell average
	Cell edge 

	Set 1
	1.80%
	1.90%
	3.20%
	4.20%
	9%
	13.50%
	16%
	25%

	Set 2
	1.10%
	1.30%
	5.30%
	9.30%
	22%
	41%
	43%
	81%


For the UL coexistence simulation we have used a two-level E-UTRA UE ACLR model because the actual ACLR depends on the number of RBs used and those RBs’ location relative to a victim channel. Therefore one mitigation technique is to confine the UEs doing D2D communications to the middle of the carrier channel. Based on the ACLR assumption, the OOBE of the D2D UE in the middle of the channel improved from 30dB to 43dB.
Table 3-2 shows the relative average and cell edge throughput degradation of the victim system (Operator A) for 10% and 100% D2D UE in the adjacent cell assuming D2D operation is restricted to the middle of the carrier channel (Operator B). This has the effect of a slight reduction in throughput loss but still remains high, particularly as the number of D2D UE are increased 

	Table 3-2 Relative throughput degradation (cell average/cell edge) due to adjacent system interference with restricted D2D location 

	Victim system Power control parameter
	Aggressor system with % of UEs in D2D communications (restricted location)

	
	0% UE in D2D
	10% UE in D2D
	50% UE in D2D
	100% UE in  D2D

	
	Cell average
	Cell edge 
	Cell average
	Cell edge 
	 
	 
	Cell average
	Cell edge 

	Set 1
	1.80%
	1.90%
	2.80%
	3.10%
	 
	 
	12%
	15%

	Set 2
	1.10%
	1.30%
	4.60%
	8.20%
	 
	 
	36%
	70%


For LTE, The Out Of Band (OOB) emission limit is specified in terms of a spectrum emission mask and Adjacent Channel Leakage power Ratio.  In the LTE specifications the SEM mask is used to address regulatory requirements and the ACLR is used to address co-existence scenarios between adjacent carriers/channels. 

To reduce the throughput loss to the adjacent victim carrier, a tighter ALCR requirement (reduced OOB emissions) may be needed when operating in D2D mode.  A more restricted D2D channel allocation or some method of power control is needed to minimize the co-existence impact of D2D operation to the adjacent operator.
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Annex A: Simulation assumptions

The Monte-Carlo simulation methodology is based on [1]. In our example, two systems below 1GHz are assumed to be deployed in adjacent spectrum with one system running D2D communications and the other system without D2D communications. The power control parameters are described in Table A-1, which is the same as used in [1] for the 2GHz band, except that the cell range is 1km instead of 0.5km, to account for the better propagation property in 700MHz band. Table A-2 provided the other simulation parameters.

Table A-1: Power control algorithm parameter for 1GHz band

	Parameter set
	Gamma
	CLx-ile (10MHz bandwidth)

	
	
	1km cell range

	Set 1
	1
	112

	Set 2
	0.8
	129


Table A-2: Simulation parameters for LTE 
	 
	Base Station
	UE

	Carrier frequency
	1GHz

	Channel bandwidth
	10 MHz

	Cell range
	1km

	Cell layout
	Wrap-around 19 tri-sector cells, uncoordinated

	Frequency reuse
	1x3x1

	Pathloss model
	Hata suburban: 115.2+35.2 log(R), R in km

	Lognormal fading
	10 dB

	Antenna gain and horizontal antenna pattern
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15 dBi, 
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 = 65 degrees, 

Am = 20 dB
	Omni-directional antenna with -6 dBi.

	Noise figure
	5 dB
	9 dB

	Transmit power
	46 dBm
	23 dBm

	Antenna height
	45 m
	1.5 m

	ACLR
	45 dB
	ACLR1: 30dB, ACLR2: 43dB

	ACS
	45 dB
	33 dB
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