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1. Introduction

In LTE, the concept of green eNodeB (low energy consumption base station) was introduced in [1].  The goal was to reduce power consumption in unloaded cells by using the concept of extended cell DTX.  As per [1] extended cell-DTX mode of operation will reduce the downlink transmission time to 7% compared to 28% when MBSFN sub-frames are used.  In this contribution, we provide an example of actual power savings using extended cell DTX concept.   
2. Review of Extended Cell DTX 
1. When there are no active UE’s in cell the percentage of time during which downlink transmission takes place is approximately 47% due to transmission of CRS, BCH and P-SCH and S-SCH.  
i) Minimum LPA transmission time in sub-frame 0 due to transmission of CRS, BCH and SCH : 10 symbols

ii) Minimum LPA transmission time in sub-frame 5 due to transmission of CRS and SCH : 7.5 symbols
iii) Minimum LPA transmission time in all other sub-frames (excluding sub-frame 0 and 5) : 6 symbols 
Percent of time downlink transmission takes place: (10/14 + 7.5/14 + (8*6)/14)/10 ~47%

2. The downlink transmission time could be reduced further using the Release-8 concept of MBSFN sub-frames.  It may be noted that 6 out of 10 sub-frames can be MBSFN sub-frames wherein only one CRS is transmitted.
i) Minimum LPA transmission time in sub-frame 0 due to transmission of CRS, BCH and SCH : 10 symbols

ii) Minimum LPA transmission time in sub-frame 5 due to transmission of CRS and SCH : 7.5 symbols
iii) Minimum LPA transmission time in MBSFN sub-frames : 1.5 symbols 
iv) Minimum LPA transmission time in normal sub-frames : 6 symbols
Percent of time downlink transmission takes place: (10/14 + 7.5/14 + (2*6)/14 + (6*1.5)/14)/10 ~28%

3. The use of extended DTX where, CRS is only sent in sub-frame 0 to enable BCH demodulation can further reduce the DL transmission time.

i) Minimum LPA transmission time in sub-frame 0 due to transmission of BCH and SCH : 7.5 symbols

ii) Minimum LPA transmission time in sub-frame 5 due to transmission of  SCH : 2.5 symbols
Percent of time downlink transmission takes place: (7.5/14 + 2.5/14)/10 ~7%

3. Power Saving Example
In this section, we estimate the BTS power consumption reduction by turning off the transmit LPA drive (baseband drive) when extended DTX is used vs. using Release-8 frame blanking using MBSFN sub-frames.  The assumptions below are to just turn baseband drive off and leave the LPA biased.  It may also be noted that the computation was done on per RE basis (e.g. a RE carrying PDSCH is set to zero power). In the calculations to follow, radio power consumption is comprised of LPA power consumption plus transceiver power consumption.  eNodeB power consumption is comprised of three radios and one baseband unit.
Case 2: Release-8 frame blanking using MBSFN sub-frames

a. LPA remains biased but baseband drive turned off.
b. Baseband drive is turned off during symbols 1-3 and 12-13 of sub-frames 0,5,4 and 9.
c. Baseband drive is turned off during all symbols except symbol 0 of sub-frames 1,2,3,6,7 and 8.
Estimated 2x40watt 700MHz LTE radio power consumption at rated transmit Pout ~ 430watts

Estimated 2x40watt 700MHz LTE radio power consumption using MBSFN frame blanking ~ 150watts (Need to be recalculated)
Estimated baseband unit power consumption ~ 140watts (assumes no benefit from using MBSFN frame blanking)

As such, the estimated eNodeB power consumption for a normal 3 sector site: (140 + 3 x 430) ~ 1430watts while with MBSFN frame blanking, the power consumption is reduced to (140 + 3 x 150) ~ 590watts.  As such there is a reduction of approximately 2.4x in frame power consumption when MBSFN frame blanking is used.

Case 3: Extended DTX method
d. LPA remains biased but baseband drive turned off.
e. Channels remaining on during sub-frame zero: CRS, PBCH, PSCH, SSCH
f. Channels remaining on during sub-frame five:  CRS, PSCH, SSCH
g. Baseband drive turned off in sub-frames 1,2,3,4,6,7,8,9
Estimated 2x40watt 700MHz LTE radio power consumption at rated transmit Pout ~ 430watts

Estimated 2x40watt 700MHz LTE radio power consumption using extended DTX ~ 145watts 

Estimated baseband unit power consumption ~ 140watts (assumes no benefit from extended DTX)

As such, the estimated eNodeB power consumption for a normal 3 sector site: (140 + 3 x 430) ~ 1430watts while with extended DTX, the power consumption is reduced to (140 + 3 x 145) ~ 575watts.  As such there is marginal reduction when extended DTX is used compared to MBSFN frame blanking since the LPA is consuming power if the bias is still on.  If the bias is turned off during subframes 1,2,3,6,7,8, the total power consumed will be: (140+3x95) ~ 425 Watt i.e. equivalent to 30% saving compared to MBSFN frame blanking.  However, it should be noted that system operation is simpler if PA bias is left on.
4. Summary

It may be observed that in a city with 300 eNodeB’s the total savings using extended cell DTX is around 256 Kwatt.  With Release-8, MBSFN subframes the total saving is around 252 Kwatt.  So in terms of energy consumption the overall savings is not that attractive when a large city supplied by electrical grid is considered when extended DTX is used compared to MBSFN frame blanking.  However, there is some savings (575 Watts vs. 425 Watts) with PA bias turned off in subframes 1,2,3,6,7,8 when extended DTX is used.  
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