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1
Introduction

In RAN#46, a study item [1] was agreed to perform an initial study to identify potential solutions to enable energy saving within UMTS Node-Bs. 

The objective of this initial study is cut and pasted below:
The objective is to do an initial study to identify potential solutions to enable energy saving within UMTS Node-Bs, and do light initial evaluation of the proposed solutions, with the aim that a subset of them can be taken forward for further investigation as part of a more focused study in 3GPP. 

The solutions identified in this study item should consider the following aspects:

· Impacts on the time for legacy and new UEs to gain access to service from the Node B

· Impacts on legacy and new terminals (e.g. power consumption, mobility)

Some initial indication of these aspects in relation to the proposed solutions should be provided.

Solutions that are backwards-compatible or non-backwards compatible towards legacy UEs are within the scope of this initial study. 

In this contribution, we propose a study approach towards the above, as well as identify some solutions that can help achieve the NodeB energy savings objective.
2
High Level Description of UMTS NodeB
In this section we provide a high level description of a UMTS NodeB or radio base station. NodeBs typically consist of two basic building blocks, the so-called radio equipment control (REC) or baseband unit (BBU) and the radio equipment (RE) itself [2]. The blocks may be physically separated i.e., the RE may be close to the antenna, whereas the REC may be located in a conveniently accessible site (Figure 2) or they may be co-located as in a conventional radio base station design (Figure 1). The REC or BBU contains the radio functions of the digital baseband domain, whereas the RE contains the analogue radio frequency functions. 
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Figure 1: High Level Block Diagram of Concentrated NodeB
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Figure 2: Decomposition of the NodeB into two basic building blocks, the radio equipment control (REC) and the radio equipment (RE) 
For the UMTS radio access network, the REC provides access to the Radio Network Controller via the Iub interface, whereas the RE serves as the air interface, called the Uu interface, to the user equipment. Table 1 lists the functions performed both on the uplink and the downlink by the REC and RE.

Table 1: Functional decomposition between REC and RE (valid for the UTRA FDD standard)
	Functions of REC or BBU
	Functions of RE

	Downlink
	Uplink
	Downlink
	Uplink

	Radio base station control & management
	
	

	Iub transport
	RRC Channel Filtering

	Iub Frame protocols
	D/A conversion
	A/D conversion

	Channel Coding
	Channel De-coding
	Up Conversion
	Down Conversion

	Interleaving
	De-Interleaving
	ON/OFF control of each carrier
	Automatic Gain Control

	Spreading
	De-spreading
	Carrier Multiplexing
	Carrier De-multiplexing

	Scrambling
	De-scrambling
	Power amplification and limiting
	Low Noise Amplification

	MIMO processing
	
	

	Adding of physical channels
	Signal distribution to signal processing units
	Antenna supervision
	

	Transmit Power Control of each physical channel
	Transmit Power Control & Feedback Information detection
	RF filtering
	RF filtering

	Frame and slot signal generation (including clock stabilization)
	
	
	

	Reference Frequency Generation
	
	

	Measurements
	Measurements


3
Proposed Study Approach

The study could be performed in the following manner:

· Determine energy consumption breakdown in existing NodeBs

· Establish NodeB energy savings targets

·  Identify solutions based on the existing Uu interface that rely on NodeB implementation enhancements as well as UTRAN operation.

·  If the targets are still not met, then identify solutions that can help achieve the targets by way of modifications to 3GPP specifications. In this case, each solution needs to be characterized based on impact to the system.
4
Power Consumption of UMTS Cell Site
A solid knowledge of the sources of energy consumption in UMTS cell sites is critical in identifying suitable solutions towards energy consumption reduction in a UMTS base station. We request that operators and infrastructure vendors provide a high level breakdown of power consumption as provided in Table 2. The redundant components entry in Table 2 corresponds to budgeting for hot spare components such as power supplies, rectifiers, circuit cards, hard drives, etc. The power breakdown could be based on Antenna-Carrier configuration, NodeB topology, and/or  DL and UL loading scenarios as listed in Table 3.
Table 2: Power Consumption of UMTS Cell Site

	UMTS Cell Site Component
	Percentage of Total Power Consumption [%]

	Baseband Unit (BBU) 
	

	Multiple Radio Equipments  (REs)
	

	HVAC (Heating, ventilating and air conditioning)
	

	Equipment Fans
	

	Primary DC Power Supply (ie, rectifiers, battery)
	

	Cell site lighting (inside and out)
	

	Tower lights
	

	Cell Site alarms
	

	Coaxial feed pressurization/dehydration.
	

	Redundant components
	

	Etc
	

	Total
	100


Table 3: NodeB configurations
	Antenna Carrier Configuration at NodeB

	Number of sectors per NodeB
	Number of Carriers
	Number of Antennas per sector
	Total Number of Antenna Carriers per NodeB

	3
	1
	2
	6

	3
	2
	2
	12

	3
	3
	2
	18

	3
	4
	2
	24

	NodeB Topology

	Concentrated

	Distributed

	DL Loading Scenarios

	Overhead Channel only

	Overhead Channels +50% of Remaining Power

	Overhead Channels + 100% of Remaining Power

	UL Loading Scenarios

	R99 dedicated channel operation only

	HSUPA operation only

	Mix of R99 and HSUPA operation


5
Energy Saving RF Improvements
5.1
Improving RF power amplifier efficiency
Over the past decade, significant progress has been made towards improving the efficiency of RF power amplifiers while still maintaining strict linearity requirements as specified in [3]. The definition of the efficiency can be represented in an equation form as:

[image: image3.wmf]DC

in

out

P

P

P

-

=

h


The following RF amplifiers have been considered so far in the cellular industry:
· Feed Forward PA [20]
· Highest cost and too inefficient
· Class AB PA [17] with input power back off 
· Lowest cost but inefficient
· Class AB PA with Adaptive Digital Pre-Distortion (DPD) and Memory Effect Inversion (MEI) [18],[19]
·  High cost but more efficient
· Doherty amplifier [9]-[14] 

· Concept based on a load line modulation technique [9].

· It makes use of a carrier amplifier and peak value amplifier that operate in two different regions.
· From [12]

· An experimental realization at 1.9 GHz of a Doherty amplifier was presented. An efficiency of 57.6% was measured at P1dB of 27 dBm and 43% was measured at 5 dB backoff  from P1dB.

· Envelope Tracking [15]-[17]
· Higher cost but most efficient
· These solutions modulate the supply voltage to the amplifier in line with the envelope of the signal
· In three different studies[15]-[17], over 50% efficiency has been demonstrated using envelope tracking.
· From [15]

· A record high-performance GaAs high-voltage HBT (HVHBT)-based WCDMA base-station power amplifier is presented, which uses an envelope tracking bias system to achieve high efficiency and linearity. A wideband envelope amplifier provides dynamic collector supply biasing to the RF stage. A digital pre-distortion technique is employed to satisfy the linearity specifications of WCDMA. The measured overall power-added efficiency reached 58% with a normalized root-mean-square (RMS) error of 2.9% and an adjacent channel leakage ratio (ACLR) of 49 dBc at 5-MHz offset at an average output power of 42 W and a gain of 10.3 dB for a single carrier WCDMA signal with 6.6-dB peak-to-average power ratio. A memory mitigation algorithm further improves the linearity, resulting in an ACLR of 70 dBc and a normalized RMS error of 0.3%. Measurements were made to quantify separately the efficiency contributions of the HVHBT-based RF stage, and of the envelope amplifier. The measurements show that the RF stage operates at collector efficiency above 85% over most of the instantaneous power range of the WCDMA signal. This remarkably high efficiency is the result of low “on-resistance” and low (and nearly voltage independent) output capacitance of the HVHBT.

· From [16]

· The feasibility of this technique is demonstrated for a single carrier WCDMA signal with a 7.6-dB peak-to-average power ratio using a GaAs high-voltage HBT PA. The bandwidth of the power supply waveform is reduced from 20 to 4 MHz. After linearization, the reduced bandwidth envelope tracking PA exhibits an average output power of 28W, an average gain of 12 dB and an overall power-added efficiency of 49%. The measured normalized rms error is as low as 0.67% with an adjacent channel leakage ratio of 53.9 and 54.2 dBc at offset frequencies of 5 and 10 MHz, respectively.

· From [17]

· In this paper, a W-CDMA base-station power amplifier using GaN HFETs on Si substrates was presented with very high average efficiency of 50.7%, together with average output power of 37.2W and gain of 10.0 dB. The amplifier also showed good linearity corresponding to EVMof 1.74% and goodACLR. This high efficiency and excellent linearity is attributed to the high performance of both the GaN HFET power amplifier and the envelope amplifier.

5.2
Multi-Carrier RF

Aggregating multiple carriers into a single RF transmit chain can help reduce energy consumptions since the requirement for multiple RF power amplifiers disappears.
5.3
Extending the operational temperature range 
Current specifications [3], [4] specify extreme testing of different classes of base station equipment as defined in [5], [6] using the testing methodology defined in [7], [8]. As a means of reducing heating and cooling costs at a UMTS cell site, further investigation is needed to see if there is any benefit to extending the range of temperatures. A wider operating temperature range would allow reduced heating and cooling requirements allowing more flexible site options using less energy. This can be combined with short term high temperature range operation and temperature controls. The tradeoff is cost of equipment and reliability.

6
Over the air traffic based energy management techniques
In systems where multiple carriers have been deployed, energy management techniques could be introduced at the NodeB based on the measured traffic in the system.
6.1
Switch off a carrier 

In periods when the network is lightly loaded in a particular carrier, users on that carrier can be redirected to another carrier and the first carrier can then be shut off until a point when there is an increase in load. By turning off a carrier completely in these periods, all or parts of BBU and RE units may be turned off completely leading to a potentially large savings in energy consumption at the NodeB.
6.2
Switch off transmissions from a second transmit antenna

In the case when there are no MIMO users in the cell in CELL_DCH, the network could dynamically shut off  the secondary pilot channel (S-CPICH) that is transmitted on the second antenna. This could lead to a significant savings since this results in shutting off the second power amplifier in the MIMO downlink.
6.3
Controlling BBU components  as a function of load

If the carrier load reduces, a flexible NodeB implementation optimized for energy savings could disable some of the sub-units of the BBU namely channel cards, DSPs, FPGAs, ASICs, or even clocks as a function of the over the air load. It may also be possible to manage backhaul bandwidth as a function of load, thus shutting down some of the backhaul interface units, for example, those associated with particular T1/E1s can be shut down.
6.4
Dynamic gating of carrier

As an alternative to the simple solution of redirecting users to another carrier and turning of a carrier for a period of time corresponding to reduced load, one could envisage more dynamic schemes where the downlink transmissions are gated on/off periodically at a fast rate (orders of radio frames). We do not find this solution that attractive for the following reasons:

· Instability in the demodulation unit of legacy UE’s
· Channel Estimation and Synchronization (time-tracking, frequency tracking) can be impacted due to lack of knowledge that the pilot (P-CPICH) is now discontinuous

· Depending on the gating parameters (period and duty cycle) of the downlink transmission, due to a discontinuous pilot the new cell identification and pilot measurement capabilities will be affected. This in turn has an adverse effect on mobility and handover performance.
· Thermal memory effects in RF power amplifier due to gating the RF amplifier on and off. This in turn could impact existing digital pre-distortion implementations that have been calibrated to steady state operation. 
· Impact to CQI measurements in legacy UEs due to gating of downlink transmissions from neighbor cells.

6.5
Reduction in overhead channel powers

Instead of switching of the downlink transmission completely, one could potentially consider reducing the power of the overhead channels (P-CPICH, CCPCH, SCH) in lightly loaded scenarios. However, careful study is needed to understand the impact to mobility (cell reselection) and  coverage due to this. Also,at this time, in the absence of any information on NodeB power consumption, it is difficult to estimate the potential savings in energy consumption due to this solution.
7
Impact to Legacy UEs

In this section, we present a list of potential impacts to legacy UEs that should be considered when evaluating the benefit of any NodeB energy savings solution.
· Impact to UE demodulation performance
· Impact to new cell identification and pilot measurements

· Impact to mobility and handover procedures
· Impact to downlink coverage

· Interruption time while UE is connected and active

· Impacts on the time for legacy UEs to gain access to service from the NodeB, 
8
Conclusions

In this contribution, we have presented an initial study approach towards the UMTS NodeB energy savings study item [1]. It is proposed that companies provide a high level estimate of power consumption breakdown in a UMTS NodeB and WG1 arrive at NodeB energy savings targets. We also identified some suitable solutions belonging to the category of NodeB improvements and UTRAN operation based on over the air traffic that could help achieve these targets. Also, in case it is concluded that the NodeB improvements and NodeB energy optimized UTRAN operation are not good enough to meet these targets, we presented a list of potential system impacts for solutions that involve changes to Uu interface.
9
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