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1.
Introduction

At the RAN#63 plenary a new WI was agreed to study D2D co-existence.  One of the objectives of the WI specific to RAN4 is to “Define Tx and Rx RF requirements for the UE” [1]. At RAN4#72bis discussion of the impact of D2D functionality on UE RF requirements was provided in [2] and [3]. In addition at the RAN plenary meeting #65, an exception sheet of outstanding impacts was agreed to including D2D UE RF impacts as detailed in [4]. This contribution further addresses the issue of the maximum receiver input power for D2D UE`s.
2.
D2D Deployment Scenarios and Use Cases
As detailed in [2], there are 3 possible coverage scenarios for D2D communication as detailed below and illustrated in Figure 1.

-
In-network coverage. In this scenario all UEs communicating are under LTE coverage.

-
Out-of-network coverage (OOC). In this scenario no UEs communicating are under LTE coverage.

-
Partial coverage. In this scenario at least one UE communicating is under LTE coverage, and at least one UE communicating is not under LTE coverage. This corresponds to the UE-to-network relay priority defined in [2].
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Figure 1 – The defined coverage scenarios. From left to right: Partial (UE relay) coverage, In-network coverage, and Out-of-network coverage.

For the specification of the maximum receive input power of legacy UE`s, all of the scenarios and use cases involve the maximum power transmitted from the eNB as seen by the receiving UE. For macro basestations the minimum coupling loss (MCL) between the eNB and the UE is bounded by the minimum distance between the eNB and UE. This distance is typically on the order of 10`s of meters and corresponding MCL values have been chosen as 75 dB for urban scenarios with a cell inter-site distance (ISD) of 500 and 85 dB for rural scenarios with a cell ISD of 1732 meters [9]. However for D2D transmissions the physical distance between the transmitting UE and the receiving UE can be significantly less and conceivably on the order of a few meters. In TR36.843, Table A.2.1.2 [5], D2D channel models are specified to within a distance of 3 meters. No specific value is proposed for the MCL, however a value of 40 dB has been proposed in [6]. Based on the propagation channel model equations of [5], the path loss at a distance of 3 meters will be 47.9  dB at a frequency of 2 GHz and 38.9 dB at a frequency of 700 MHz.
A second factor to consider is that for in-network coverage and partial network coverage D2D UE`s may be power controlled by the serving eNB in the network coverage. However for the out-of-coverage scenario, the D2D UE may employ open loop power control, although there is no specific requirement for the D2D to do so. Thus D2D UE`s could potentially transmit at full power even when in close proximity to the receiving UE of the D2D link.
A third consideration for D2D that will impact the maximum received power is that Public safety UE`s can transmit at a power of 31 dBm in addition to the nominal UE transmit power of 23 dBm.

Observation #1

· The minimum coupling loss for D2D transmissions will be considerably less than that employed for basestation to UE link analysis. Preliminary proposals for this value are on the order of 40 dB.
Observation #2

· D2D transmissions for OOC coverage scenarios may not be power controlled.
Observation #3
· The maximum transmit power for public safety D2D transmissions can be 31 dBm.
3
Simulated Maximum Input Power
Based on the observations in section 2, this section provides simulation results of the cumulative distribution function (cdf) of the received input power for D2D transmissions. The scenarios employed for this analysis have been adapted based on those agreed to for co-existence analysis in Table 2 of [7]. The table is reproduced in Appendix A for reference.  From TS36.101 section 7.4 [8], the existing maximum input power level specification for UE`s is -25 dBm. Figures 2, 3 and 4 below show the cdf`s and a zoomed in profile of the cdf at -25 dBm. This percentage level of the cdf at -25dBm for each of the scenarios as well as the input power level at a 99.98% level of the cdf is summarized in Table 1 below. For all three scenarios considered it can be seen that the input power is less than -25 dBm for 99.9% of the time. To meet a target of 99.98% of the cases, the option 3 scenario would require a maximum input power requirement of -17.5 dBm. As a consistency check it should be noted that for nominal UE with a transmit power of 23 dBm, the pathloss of 38.9 dB at a distance of 3 meters and a frequency of 700 MHz corresponds to an input power of -15.9 dBm. Based on this observation and the simulated results summarized in Table 1, it is recommended that the maximum input power for D2D devices be specified as a value of -17 dBm.
Proposal #1

· The maximum receive input power for D2D UE’s should be specified as a value of -17 dBm.
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Figure 2: cdf of receiver D2D power for the general scenario option 3 in dBm: 
a) overall cdf; b) zoomed in profile at 25 dBm.
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Figure 3: cdf of receiver D2D power for the public safety scenario option 5 outdoors in dBm; 
a) overall cdf; b) zoomed in profile at 25 dBm.
[image: image6.emf]-160-140-120-100 -80 -60 -40 -20 0

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

D2D received RSSI [dB]

cdf

[image: image7.emf]-25.15 -25.1 -25.05 -25 -24.95 -24.9 -24.85

0.9982

0.9984

0.9986

0.9988

0.999

0.9992

0.9994

0.9996

0.9998

1

D2D received RSSI [dB]

cdf


a)                                











b)
Figure 4: cdf of receiver D2D power for the general scenario option 1 RRH in dBm: a) overall cdf; b) zoomed in profile at 25 dBm.
Table 1: D2D Input power level benchmarks

	Scenario
	cdf percentage for an input power of -25 dBm
	Input power level for 99.98% [dBm]

	General scenario, Option 3, outdoor ISD = 500 m
	99.955
	-17.5 

	General scenario, Option 1, RRH ISD = 500 m
	99.975
	-24

	Public safety scenario, Option 5, outdoor ISD = 1732 m, outdoors
	 99.99
	Less than -25 


3
Conclusions
The following observations and proposal should be taken into consideration when specifying the D2D UE maximum receive input power.
Observation #1

· The minimum coupling loss for D2D transmissions will be considerably less than that employed for basestation to UE link analysis. Preliminary proposals for this value are on the order of 40 dB.
Observation #2

· D2D transmissions for OOC coverage scenarios may not be power controlled.
Observation #3
· The maximum transmit power for public safety D2D transmissions can be 31 dBm.
Proposal #1

· The maximum receive input power for D2D UE’s should be specified as a value of -17 dBm.
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Appendix A
Table 2: Details on deployment scenarios

	Scenario
	Layout (in order of priority)
	Notes

	General scenario
	(Mandatory) Option 1: Urban macro (500m ISD) + 1 RRH/Indoor Hotzone per cell

(Optional) Option 3: Urban macro (500m ISD) (all UEs outdoor) 
	1

	Public safety scenario
	(Mandatory) Option 5: Urban macro (1732m ISD), uniform (outdoor) drop 

(Optional) Option 5: Urban macro (1732m ISD) , indoor/outdoor drop
	1


Notes:

1. Details on the deployment scenarios are specified in Table A.2.1.1-1 of TR 36.843.
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