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1. Introduction
In RAN1 #72bis meeting, D2D performance metrics was agreed. However, for power consumption metric, there are still FFS points. 

Agreement for power consumption metric in RAN1 #72bis meeting: 

· Discovery: Power consumption modeled through ON time or equivalent power consumed (transmit power should be captured differently than received power --detailed model FFS)

· Communication: Power consumption should be modeled; detailed model is FFS 
To evaluate UE power consumption for D2D discovery and communication, we need to develop UE power consumption. However, accurate modeling UE power consumption is time consuming work and largely dependent on UE implementation. As a starting point of discussion, we review recent academic literatures [1]-[3] deals with LTE UE power consumption modeling, and then we discuss essential features to be included in D2D power consumption modeling.
2. UE power consumption modeling 
In [1] the authors developed UE power consumption model for LTE system level optimization. Fig. 1 shows the LTE physical layer components and the UE model parameters. 
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Figure 1 LTE UE physical layer in [1]

The proposed model is based on a review of the major power consuming parts in a commercial LTE UE radio modem. The model includes functions of UL and DL power and data rate. Measurements on a commercial LTE USB dongle were used to assign realistic power consumption values to each model parameter. The UE power consumption model is defined as follows,
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where the parameters are listed as below:

Ptot : total consumed power at UE

Pcon : base power consumption in RRC connected mode

Pidle : base power consumption in RRC idle mode
PRx: base power consumption the Rx chain consume when active
PTx: base power consumption the Tx chain consume when active
PRx+Tx : additional power consumption when full duplex operation occurs in FDD mode
PRxRF: power consumption of the RF part in the Rx chain
PTxRF: power consumption of the RF part in the Tx chain
PRxBB: power consumption of the Rx baseband (BB) parts
PTxBB : power consumption of the Tx BB parts
STx : transmitted power level in dBm 
SRx : received power level in dBm 

RTx: date rate for transmission in Mbps 
RRx: date rate for reception in Mbps 
midle : logical variable to indicate RRC idle mode

mTx: logical variable to indicate transmitting mode
mRx : logical variable to indicate receiving mode.
In this model, the power functions are derived as a polynomial fit of measured data. It is desired that each function reflected the general power consumption trend and not unique implementation specific solutions. The constant model parameters are summarized in Table 1. The BB power consumption in UL and DL are highly linear dependent on data rate, and therefore they are modeled as first order polynomials. The Rx RF power consumption is modeled as a linear function of the received power level, but the Tx RF power consumption is modeled of two lines because it is observed that UE power consumption increases rapidly when UE transmitted power is over 10dBm. Similar observation was presented in [3]. This is because of the nonlinearity of UE power amplifier. The curve fitting results are summarized in equation (2). This power consumption model seems reasonable and operates for both of Tx and Rx, but it looks a little bit complicated, so further simplification could be possible. 
	Part
	Pidle
	Pcon
	PRx
	PTx
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	Value
	0.50
	1.53
	0.42
	0.55
	0.16


Table 1. Constant model parameters in Watt in [1]
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Let us look at another power consumption model in [2]. The model is also based on measurements of commercial LTE mobile phone. The power consumption model is defined as follows 
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where 
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 is uplink throughput in Mbps, 
[image: image7.wmf]d

t

 is downlink throughput in Mbps, 
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 is a scaling factor, and 
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 is a baseline power consumption. The best fit parameters are listed in Table 
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	LTE
	438.39
	51.97
	1288.04
	8.44


Table 2. Power consumption model parameters in [2]
Note that this model simply considers payload throughput in power model, without considering header length and ACK packets due their small impact. This model only considers data rate dependent UE power consumption model. Thus it is not able to evaluate energy consumption related to UE transmission power.
From two power models in [1] and [2], we have several observations:
Observation 1) The baseline power consumption is the most dominant factor on total UE power consumption. 

Observation 2) Compared with baseline power consumption, the DL data rate is not much influence on UE power consumption. 

Observation 3) In (2), dynamic part of data rate dependent baseband power consumption i.e. 
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 are marginal impact on total UE power consumption. 
Observation 4) UL transmission power is a critical factor for total power consumption, especially at high transmission power. If we use UE transmission power as only UE power consumption metric, we may have distorted results compared with the actual UE power consumption.  
From above observations, we propose a simplified power consumption model as follows 
Proposal 1) UE power consumption is defined as follows, 
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Note 1) Tx/Rx baseband power and Rx RF power have marginal impact on UE power consumption, thus we remove those factors in the proposed power consumption model. 
Note 2) For public safety, the upper limit of 
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is changed to 31dBm. 
Note 3)This model could be used for both of D2D discovery, D2D communication, and WAN communication. 

Note 4) The model constant parameters could be reused in table 1.

3. Conclusion
 In this contribution, we discussed UE power consumption modeling for D2D performance evaluation.
Several observations and one proposal were made:
Observation 1) The baseline power consumption is the most dominant factor on total UE power consumption. 

Observation 2) Compared with baseline power consumption, the DL data rate is not much influence on UE power consumption. 

Observation 3) In (2), dynamic part of data rate dependent baseband power consumption i.e. 
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Observation 4) UL transmission power is a critical factor for total power consumption, especially at high transmission power. If we use UE transmission power as only UE power consumption metric, we may have distorted results compared with the actual UE power consumption.  
Proposal 1) UE power consumption is defined as follows, 
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