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1 Introduction
RAN#46 initiated a study item on solutions for energy-saving within UTRA Node B [1]. We provided our initial thoughts in [2]. This contributions elaborates further on this topic.
2 Discussion
In [2] we suggested that RAN1 studies whether it would be possible to perform DTX and/or DRX at Node B in order to be able to shut down power-consuming radio and baseband parts in Node B. We also pointed out that since the power consumption of the radio transmitter parts typically dominates over the radio receiver parts and baseband parts, the focus of the study should probably be on DTX rather than DRX.
The highest energy saving would be achieved if the radio transmitter parts could be switched off completely during part of the time. This is known as Cell DTX. In Node B implementations with a multi-carrier power amplifier (MCPA), one would need to switch off all carriers that are handled by the same MCPA in order to realize the full energy saving. However, it is doubtful whether Cell DTX on all carriers can be achieved without serious consequences for legacy UEs [3]. Therefore we are now focusing on other alternatives.
2.1 Support for switching off antennas
For a Node B that supports MIMO, it may be possible to obtain substantial energy savings by switching off antenna 2 completely. Switching off an antenna typically means that a PA can be switched off. This idea has been touched upon in several contributions [2]
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If there are no UE(s) configured for MIMO reception of Tx diversity reception, then Node B may be able to switch off antenna 2 autonomously already within the existing standard and apply single-antenna transmission. This will not only save energy but also reduce both the intra-cell and inter-cell interference. Then, whenever e.g. a MIMO UE arrives in the cell, Node B can revert to dual-antenna transmission.

However, if the cell happens to contain e.g. a MIMO UE but there is no significant MIMO traffic going on and/or the Node B is running low on power, then it may be beneficial for Node B to be able to request the SRNC to reconfigure the UE to single-antenna operation. This would require new Iub/Iur signaling from Node B to the SRNC.
It seems reasonable that the Node B would also be able to request that UEs are reconfigured back to dual-antenna operation (e.g. MIMO mode). The Node B could keep knowledge about which UEs have previously been in dual-antenna operation and their configuration, similarly to how a cell configuration is kept in Node B when a cell enters dormant mode [6].
There would be no standard impact for the UE. The Iub/Iur signaling would be able to handle legacy UEs as well. If a more efficient mechanism is desired for new UEs, new L1/L2 signaling (e.g. HS-SCCH orders) to the UE can be introduced as a complement to the Iub/Iur signaling.

Proposal 1: Capture the proposal to introduce new Iub/Iur signaling to let Node B request that a UE is reconfigured to single-antenna operation (e.g. non-MIMO mode) or back to dual-antenna operation (e.g. MIMO mode) in the SI TR [7].

2.2 Support for switching off carriers
For a Node B that supports multiple carriers, it may be possible to obtain significant energy savings by switching off one or more carriers even if not all the carriers can be switched off. If both downlink carrier(s) and uplink carrier(s) can be switched off, this could allow for energy savings on both the transmitter side and the receiver side in Node B. In fact, as has been touched upon in [8], even if a downlink carrier cannot be switched off, there could be significant energy savings by just reducing its transmit power. However, the potential energy savings are highly implementation dependent.
If there are no UE(s) configured with a particular carrier as its primary carrier, then Node B may be able to switch off that carrier autonomously already within the existing standard. If the carrier serves as the secondary carrier for a MC-HSPA UE, Node B may choose to send an HS-SCCH order for secondary carrier deactivation to that UE. Switching off the carrier will not only save energy but also reduce both the intra-cell and inter-cell interference. Then, whenever the carrier is needed again, Node B can switch on the carrier and it may also choose to send HS-SCCH orders for secondary carrier activation to MC-HSPA UEs in the cell.

However, if the carrier happens to serve as the primary carrier for a UE, then it may be beneficial for Node B to be able to request the SRNC to make the UE perform an inter-frequency handover (IFHO) to some other carrier. This would require new Iub/Iur signaling from Node B to the SRNC.
The new signaling could also be used by Node B to improve the load balancing (in downlink as well as uplink) by trying to allocate UEs in the most efficient way between the carriers. This may become particularly interesting as MC-HSPA takes off.
There would be no standard impact for the UE. The Iub/Iur signaling would be able to handle legacy UEs as well. If a more efficient mechanism is desired for new UEs, new L1/L2 signaling (e.g. HS-SCCH orders) to the UE can be introduced as a complement to the Iub/Iur signaling.
Proposal 2: Capture the proposal to introduce new Iub/Iur signaling to let Node B request that a UE is made to perform an IFHO in the SI TR [7].

2.3 Energy efficiency measurements
In [2] we pointed out that ETSI has introduced a specification for base station energy efficiency measurement definitions and methods. In version V1.1.1 of this specification [9], the load is static. This means that the base station is loaded with three different loads: low, medium and busy hour load. RAN1 seems positive to adopting these definitions and methods.

However, we would like to remind that in an updated draft version V1.2.1 of the specification, the load in the base station is assumed to be dynamic and dependent on variation of the traffic during the test period. By using the dynamic measurement the effects of radio features that can contribute to lowering the energy consumption at the base station can be captured. Some text proposals from the ETSI discussions are provided for illustrative purpose in an appendix in this contribution.
Proposal 3: Adopt the definitions and methods for dynamic energy efficiency measurements from the latest version of the ETSI specification whenever it is available.

3 Conclusions

Proposal 1: Capture the proposal to introduce new Iub/Iur signaling to let Node B request that a UE is reconfigured to single-antenna operation (e.g. non-MIMO mode) or back to dual-antenna operation (e.g. MIMO mode) in the SI TR [7].
Proposal 2: Capture the proposal to introduce new Iub/Iur signaling to let Node B request that a UE is made to perform an IFHO in the SI TR [7].
Proposal 3: Adopt the definitions and methods for dynamic energy efficiency measurements from the latest version of the ETSI specification whenever it is available.
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5 Appendix: Dynamic energy efficiency measurements

In a draft version of ETSI TS 102 706 V1.2.1, the following two sections have been added compared to the previous version V1.1.1 of the specification.

[Omitted sections]
5.4
Network level energy efficiency for WCDMA, LTE & WiMAX (detailed wording TBD)
The Network Energy Efficiency of WCDMA, LTE and WiMAX is measured by dynamic testing. The Energy Efficiency metric is W/Subscriber.

The traffic density is one of input parameters to the base station dynamic testing.

The traffic density, td, is based on subscriber traffic models, tmsub described in Annex X, and area subscriber density, sdarea, described in annex Y for the different areas.

Traffic density: td = tmsub   * sdarea

The result of the dynamic testing is:
- Average power consumption of the equipment, Pequipment
- Coverage Area, Acoverage  For Busy Hour traffic 

Energy Efficiency EE =  Pequipment   / (Acoverage *  sdarea)  [W/sub]

[Omitted sections]
6.3.1.2 Dynamic measurement procedure (procedure details TBD)

The power consumption measurements shall be performed when stable temperature conditions inside of the equipment are reached. For this purpose the RBS shall be placed in the environmental conditions for two hours minimum with a minimum operation time of one hour before doing measurements.

Measurements shall be performed for two traffic scenarios. Each of these scenarios is defined by busy hour traffic densities, tdi, in Annex X.

For each scenario, tdi, the measurement are performed in steps as follows:
1. Identify the maximum cell diameter dmaxi for which the QoS requirements, defined in Annex Y, are fulfilled at the given traffic density.

· Perform basic measurements for the given traffic densities increasing the cell diameter d until the QoS requirements are no longer fulfilled. The largest cell diameter d for which the QoS requirements are fulfilled is dmaxi.
· Calculate the cell area served of RBS, Ai, as: 
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2. Perform basic measurements with the cell diameter d equal to dmaxi for the following traffic densities

· Busy hour: tdi
· Mid traffic: 0.5* tdi
· Low-medium traffic: 0.25* tdi
· Low traffic: 0.01* tdi
The total energy consumed, Ei [Wh], and corresponding elapsed time ti of energy measurement during step 2 shall be measured and reported. 

3. Calculate average power consumption , Pi, equipment, as: 
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[Omitted sections]
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