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1. Introduction
The potential impact of in-band interference from cellular LTE on device to device transmissions that are in the same band was recently investigated in [1].  We provide some further analysis of the potential impacts and the conditions under which modeling in-band interference might affect system simulation outcomes.  Based on this analysis, we observe that in-band interference can degrade high throughput D2D communication links operated near cell edge cellular UEs.  However, transmissions of a single PRB bandwidth with low required SINR are not significantly affected by in-band interference even with an interferer transmitted at full power.
2. Background
The in-band emissions from a UE served by an eNB can interfere with device to device transmissions.  We consider the same setup as [1], which is diagrammed in Figure 1. UE B receives a D2D transmission from UE A.  UE C transmits either PUCCH or PUSCH to an eNB in the same band as the D2D transmission, producing interference to UE B outside of the RBs allocated to UE C (as well as the allocated RBs).  Because the cellular UE power control will target the eNB rather than UE B and UE B can be close to UE C, there is more potential for interference than conventional cellular transmissions.
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Figure 1: In-band interference from cellular to D2D transmissions [1]
The evaluations herein use the same assumptions as [1].  A 20 MHz LTE system is assumed, wherein UE C transmits at 22, 10 and 0 dBm using 1 or 20 RB allocations for PUCCH and PUSCH, respectively.   The in-band interference is assumed to be at the limit set by UE performance requirements in Table 6.5.2.3.1-1 of [2], which is included in the appendix for reference.  Unless otherwise noted, the signal to interference ratio (SIR) is set to 3 dB.
3. Evaluation
To achieve SIR=3dB or higher at UE B, there should be a minimum separation between interferer UE C and D2D UE B. The minimum distance from the interferer when UE B receives the D2D transmission at -100 dBm and a line of sight pathloss model of PL(d)=40+20log10(d) is used is plotted in Figure 2.  Results are given for both PUCCH and PUSCH (on the left and right, respectively).
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Figure 2: Minimum in-band interferer separation with LOS propagation and SIR = 3 dB
The results are aligned with those of [1], and show that minimum separations can be 100s of meters when the interference is at its highest power level.  However, if we assume that UE A transmits in a single RB at 22 dBm, the D2D transmission range achievable without (cellular or D2D) interference is around 12.6 km.   If we assume UE B receives the D2D transmission at more than -100 dBm, a smaller minimum interferer separation is needed, and so we can trade a decrease in range for greater interference robustness.  Therefore, the system impact of an interference zone with a radius of 100s of meters is not immediately clear.  
One metric that might be used to gauge the impact of in-band interference is the ratio of the interference zone area to the coverage area.  If the area lost to interference is small, then the overall impact to system performance will likely be small. We calculate this as (minimum interference distance)^2 / range^2.  A benefit of this metric in the scenarios and path loss models considered herein is that it is independent of the received power of the D2D transmission.  That is, if a higher received power is assumed, the range and minimum separation shrink equally such that (minimum interference distance) / range is constant with received power.

The minimum interference area over coverage area (“area loss”) ratio is plotted as a percentage in Figure 3 (again with PUCCH and PUSCH results on the left and right, respectively).  As can be seen, outside of the occupied RBs, this percentage of area lost to interference is generally well below 1% even at 22 dBm.  
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Figure 3: Ratio of minimum interference to coverage area with LOS propagation and SIR = 3 dB
Figure 4 shows the results for the same configuration, but using the NLOS Winner+ channel model [3].  A carrier frequency of 2 GHz and antenna heights of 1.5m are assumed, resulting in PL(d)=26.3+43.8 log10(d).  Details of the channel model are included in the appendix for reference.  In this case, we observe that the area lost to interference is higher than the LOS case, but generally less than 10%, 2%, and 1% for 22, 10, and 0 dBm, respectively. 
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Figure 4: Ratio of minimum interference to coverage area with NLOS propagation and SIR = 3 dB
.
If we consider a broader band D2D transmission at a higher MCS index on the D2D transmission or a greater number of interferers, an interferer may need to be received more than 3 dB lower than the D2D transmission.   Figure 5 shows the area loss ratios for a 5 MHz D2D transmission when the interferer must be -13 dB relative to the D2D receive power level and the receive power level is at -90 dBm.  The area lost to interference is high for 22 dBm interference power: commonly above 40%, and greater than 100% for a few PRBs.  For 10 dBm, it is commonly greater than 10% and at most 30%, while for 0 dBm it is commonly greater than 4% and no more than 10%.
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Figure 5: Ratio of minimum interference to coverage area with LOS propagation and SIR = 13 dB
Another aspect to consider is the probability that UE C will transmit at different power levels.  Some example results from [4] assuming a 3GPP case 1 [5] macro cell scenario and PUCCH transmission with ideal open loop power control are provided in Figure 6.  Here, the probability of 22 dBm transmission is less than 1%, while the median transmit power is on the order of 0 dB.  We also expect this power distribution to be relatively high compared to common smaller cell scenarios in the urban settings that may be of greatest interest.  Therefore, the 0 dBm transmit power curves seem most relevant to median D2D throughputs, while the higher power level curves’ relevance seems to be limited to near the cell edge.
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Figure 6: PUCCH Tx Power CDF [2]
4. Conclusion
We have considered in-band interference from cellular to direct mode device to device transmissions using simple in-band interference and pathloss models, expanding on the investigations of [1].  Under the example conditions considered, we observed:
· While the minimum required separation between cellular UEs can be hundreds of meters in line of sight environments, the range of D2D transmissions is also large in this case.

· Consequently, the range and minimum interference separation should be considered jointly.

· One figure of merit could be the ratio of the area of the interference zone to the coverage area.

· The coverage area lost to interference for a single RB D2D link operated at 3 dB SIR for both line of sight and non line of sight propagation does not exceed 10%, including when the interferer is transmitted at 22 dBm.

· The coverage area lost to interference for high transmit power interferers is substantial for 5 MHz D2D links with more aggressive MCS states or severe interference levels.

Consequently, we conclude that in-band interference can degrade high throughput D2D communication links operated near cell edge cellular UEs.  Transmissions of a single PRB bandwidth with low required SINR were not significantly affected by in-band interference even with full power interfererence.  Therefore, we propose:
Proposal 1: In-band interference modeling is not needed in system simulations of robust low bit rate D2D links.
Proposal 2: System simulations of high bit rate D2D links should account for in-band interference.
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6. Appendix: Winner+ Channel Model and In-band Interference Requirements
Table A.3 Summary of Channel Model B1 From WINNER + [3]
	Scenario
	Path-loss [dB]
Note: fc is given in GHz and distance in meters.
	Shadow fading std (dB)
	Applicability range, antenna height default values

	UMi
	LOS
	PL = 22.7log10(d) + 41.0 + 20log10 (fc /5)

PL = 40log10(d) + 9.45 – 17.3log10(h‘BS) 
– 17.3log10(h‘UT) + 2.7log10 (fc /5)
	( = 3

( = 3
	10 m < d < d‘BP1)
d‘BP < d < 5000 m1)
hBS = 10 m1), hUT = 1.5 m1)

	
	NLOS
	Hexagonal layout:2)
fc: 0.45 – 1.5 GHz
PL = (44.9 – 6.55 log10 (hBS))log10(d) + 16.33
+ 5.83log10(hBS) + 26.16log10 (fc)

fc: 1.5 – 2 GHz
PL = (44.9 – 6.55 log10 (hBS))log10(d) + 14.78
+ 5.83log10(hBS) + 34.97log10 (fc)

fc: 2 – 6 GHz
PL = (44.9 – 6.55 log10 (hBS))log10(d) + 18.38
+ 5.83log10(hBS) + 23log10 (fc)

Manhattan layout2)
	( = 4

	10 m < d < 2000 m
hBS = 10 m, hUT = 1.5 m


Minimum requirements for in-band emissions (from [2])
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Parameter  d escription  Unit  Limit (Note 1)  Applicable  Frequencies  

General  dB  





RB

CRBs RB

CRBs RB

P kHz dBm

L EVM

L N

 

     

  

180 / 57

, / ) 1 ( 5 3 log 20

), / ( log 10 25 max

10

10

 Any non - allocated  (Note 2)  

IQ Image  dB  - 28  Image frequencies when carrier center frequency   < 1 GHz and  Output power > 10 dBm  (Notes 2, 3)  

- 25  Image frequencies when carrier center frequency   < 1 GHz and  Output power  ≤ 10 dBm  

- 25  Image frequencies when carrier center frequency   ≥ 1 GHz  

Carrier  leakage  dBc  - 2 8  Output power >  1 0 dBm   and  carrier center  frequency < 1 GHz  Carrier   frequency  (Notes 4, 5)  

- 25  Output power > 10 dBm and  carrier center  frequency ≥ 1 GHz  

- 25  0 dBm ≤ Output power ≤10 dBm  

- 20  - 30 dBm ≤ Output power ≤ 0 dBm  

- 10  - 40 dBm     Output power <  - 30 dBm  

NOTE  1:   An in - band emissions combined limit is evaluated in each non - allocated RB. For each such RB, the  minimum requirement is calculate d as the higher of  P RB  -   30 dB   and the power sum of all limit values  (General, IQ Image or Carrier leakage) that apply.  P RB   is defined in Note 10.   NOTE  2:   The measurement bandwidth is 1 RB and the limit is expressed as a ratio of measured power in one non - allocated RB to the measured average power per allocated RB, where the averaging is done across all  allocated RBs.   NOTE  3:   The applicable frequencies for this limit are those that are enclosed in the reflection of the allocated  bandwidth, based on symmetry   with respect to the centre carrier frequency, but excluding any allocated  RBs.   NOTE  4:   The measurement bandwidth is 1 RB and the limit is expressed as a ratio of measured power in one non - allocated RB to the measured total power in all allocated RBs.   NOTE   5:   The applicable frequencies for this limit are those that are enclosed in the RBs containing the DC  frequency if 

RB

N

  is odd, or in the two RBs immediately adjacent to the DC frequency if 

RB

N

  is even, but  excluding   any allocated RB.    NOTE  6:  

CRBs

L

is the Transmis sion Bandwidth (see Figure 5.6 - 1).    NOTE  7:  

RB

N

  is the Transmission Bandwidth   Configuration (see Figure 5.6 - 1).    NOTE  8:  

EVM

  is the limit specified in   Table 6.5.2.1.1 - 1 for the modulation format used in the allocated RBs.    NOTE  9:  

RB



  is the starting frequency offset between the allocated RB and the measured non - allocated RB (e.g. 

1

 

RB

  or 

1

  

RB

  fo r the first adjacent RB outside of the allocated bandwidth.    NOTE  10:  

RB

P

  is the transmitted power per 180 kHz in allocated RBs, measured in dBm.  

 


