3GPP TSG-RAN WG1 Meeting #60bis
R1-101845
Beijing, China
12 - 16 April 2010

Agenda item:
5.6



Source:
Alcatel-Lucent, Alcatel-Lucent Shanghai Bell
Title:
Energy Savings using NodeB DTX
Document for:
Discussion
1          Introduction

NB DTX has been discussed in previous RAN1 meetings as one of the ways to save energy at the Radio Base Station (RBS) [1] [2].  This T-doc aims to estimate the potential energy that can be saved from using NB DTX.
2          Discussion
In NB DTX, the PA is switched off and on periodically following a pattern.  The pattern is determined by the network, which can be a superposition of several UEs’ DRX cycle [1]. 
We define the DTX duty cycle to be the average length of time in radio frames between each occasion when the PA is turned on for one radio frame.  NOTE: In practice the DTX pattern may consists of several on/off periods of various lengths within a cycle.  For example, in Figure 1 (yellow blocks indicate PA is turned on), within 128 radio frames, the PA is turned on for 4 radio frames and therefore the DTX duty cycle is 32.
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Figure 1: DTX cycle in a NB DTX pattern
Figure 2 is a plot of the probability that a PA is turned off, ProbPA-OFF when a NB is performing DTX against the DTX Duty Cycle.  The savings in energy during a DTX Duty Cycle is thus the energy consumed when the PA is turned off multiply by ProbPA-OFF.  It is observed that ProbPA-OFF is above 0.9 when DTX Duty Cycle is above 10.
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Figure 2: Probability PA is turned off against DTX Duty Cycle

To evaluate the potential energy savings, a 24 hour RF loading profile from [3] is used and it is summarised in Table 1.
Table 1: Loading profile
	Loading
	RF Load
	Duration (hours)

	Busy
	0.5
	8

	Medium
	0.3
	10

	Light
	0.1
	6


The PA input power is approximately constant and almost independent of the RF Load.  Let the power of the PA be PPA.   Define the ratio RDTX as:
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Equation 1
where, PPA-OFF is the PA power consumption of the PA when it is inactive (i.e. turned “off”).  The ratio RDTX measures the effectiveness of NB DTX and it is dependent upon network vendor implementation.  
It is not envisaged that NB DTX is performed during busy hours.  However, assume that NB DTX can be activated during light loading and for TDTX-Medium effective hours during medium loading.  The average PA power usage with DTX, PPA-DTX is:
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Equation 2
Assume that RDTX << 1, PPA-DTX becomes:
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Equation 3
The percentage savings in RBS energy, ERBS-SAVE over 24 hour period is thus:
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Equation 4
The ratio RPA-RBS is defined as:
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Equation 5
where, PRBS-AVG is the average daily RBS power usage.  The ratio RPA-RBS is thus the percentage of RBS power used by the PA.

Figure 3 are plots of ERBS-SAVE against RPA-RBS for different DTX Duty Cycles and TDTX-Medium, based on the loading profile in Table 1.  It can be observed that the additional savings that can be achieved using a NB DTX Duty Cycle higher than 16 (e.g. 256) are not significant (NOTE: UE may achieve higher battery savings with longer duty cycle).  If NB DTX is performed only during low loading, the energy saving is less than 25% (depending on RPA-RBS).  Additional energy savings can be achieved if the NB also performs DTX during medium load and in the extreme case (unlikely but possible) where NB DTX is activated at all times during medium loading, the potential energy saving is up to 66%.  
Since RPA-RBS is dependent upon RBS implementation, a range between 0.3 to 0.6, is assumed here for evaluation purposes.  The usage of NB DTX during medium loading is assumed to be not more than 5 hours (i.e. TDTX-Medium ( 5).  For a DTX Duty Cycle of 16, the potential savings using NB DTX ranges from 7% to 26%.
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Figure 3: Potential energy saving in RBS using NB DTX
3          Conclusion

The energy savings at the RBS using NB DTX is evaluated assuming a RF loading profile in Table 1 [3].  The amount of energy savings that can be achieved is dependent upon RBS implementation.  Assuming a range of values for RPA-RBS, TDTX-Medium and a DTX Duty Cycle of 16, the estimated RBS energy savings using NB DTX, is from 7% to 26%.
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