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1
Introduction 
In order to protect the world and the environment for future generations the reduction energy consumption and especially the reduction of CO2 emissions is a highly important topic for today’s generation.
To enable the way to “Green Mobile Communications” / “Green RAN” also 3GPP started the work on a Rel-10 Study Item to allow for energy efficient Radio Access Networks [1].

Currently the technical report 3GPP TR 36.927v1.0.0 [2] discusses different potential solutions for different scenarios defined. The scenarios currently evaluated are: 

· Intra-eNB energy saving

· Inter-eNB energy saving
· Inter-RAT energy saving
Deutsche Telekom recognises the importance of energy consumption reduction to mimise the emission of CO2 and thus believes that attempts for energy saving need to be evaluated and realised as soon as possible.
The remainder of this contribution discusses a way to reactivate deactivated radio nodes / cells exemplarily for the inter-RAT case, but is general not limited to the inter-RAT scenario at all, but also applicable inside the same technology (i.e. deactivation of certain carriers). 
2
Discussion
2.1
Energy saving by deactivation of none or low utilised radio nodes.

An obvious and simple measure to save energy is the deactivation of radio nodes with low or no utilisation. This is today state of the art also in other technologies, but not yet widely used in cellular technologies. 
A prominent example for the deactivation of unutilized radio nodes can be found with widely used DECT technology. Over the recent years, a power / energy reduction mode has been commercially introduced in many DECT phones, which allows the DECT base station to completely switch of the radio transmission, while still communication with the wireless handset is possible when needed. This concept is typically referred as “DECT Full ECO mode” or “ECO DECT”, e.g. [3].
Proposal 1: An energy saving solution which allows complete deactivation of certain Radio Access Network nodes should be supported in future 3GPP releases.
As seen from the DECT energy saving example such schemes are already widely used to foster “Green Home” and also to minimise RF-radiation from unutilized devices. Hence 3GPP RAN2 should agree that such concepts of deactivation of unutilized radio nodes are not just beneficial from the energy saving point of view, but also allow for mimisation of RF-radiation and thus interference especially also for femto cell / CSG deployments of Home-(e)NodeBs.
Proposal 2: Energy saving solutions shall not be restricted to non-Home(e)NodeB application. Optimization for home environment should be of 2nd priority in the study item phase.

2.2
Reactivation of deactivated RAN nodes.

[2] already discusses network based reactivation schemes for deactivated RAN nodes. This approach requires communication between the nodes and also requires having at least one RAN node available which acts as the activator of the deactivated node.
In order to allow also complete deactivation of all available RAN nodes (i.e. in areas with no or very low utilisation) it is proposed to also apply a scheme which allows a terminal (UE) to activate deactivated RAN nodes.

Proposal 3: An energy saving solution which allows the UE requesting communication via a deactivated RAN node should be supported.

We propose a way where the terminal (UE) can send a “reactivation request” to reactivate deactivated RAN nodes.

Proposal 4: The solution shall utilise a UE initiated “reactivation request” to reactivate the deactivated RAN node.

While proposal 4 is similar to the reactivation of DECT base stations in “Full ECO mode” (where also the DECT telephone can send a reactivation request) the nature of cellular networks with different radio technologies, topologies, deployments and roaming is more complex. In order to not restrict the application of a UE based reactivation scheme and also allow the utilisation of a wide range of different deployments, especially considering many different technologies and frequencies being used, it is proposed to allow a clear, flexible configuration of the “reactivation information”. This means that we propose to configure an UE with a configuration how deactivated RAN nodes can be reactivated (“reactivation configuration”).

Proposal 5: To cope with the flexibility and wide range of different deployment options and operator policies, it should be possible to define a “reactivation configuration” to be used by UEs for reactivation of deactivated RAN node. This configuration should also allow for full operator control.
Exemplarily this pre-configuration on where and how to reactivate deactivated RAN nodes is explained for the inter-RAT case between UTRAN and E-UTRAN.
Assuming an underlying UTRAN coverage, it is proposed to configure a UE camped on UTRAN with “E-UTRAN reactivation configuration information” which includes for example:
· A policy how to use the “reactivation information” (e.g. based on service, subscription, etc.)

· Radio Technology(ies) with defined frequencies and other physical channel information which can be reactivated

· A defined “reactivation message” (physical signal, random access preamble or defined RRC message which reactivates the E-UTRAN node)
· A time pattern when the E-UTRAN node/cell can receive the “reactivation message” to be reactivated
· An alternative network node for reactivation

· [FFS]

This “E-UTRAN reactivation configuration information” is broadcast on the UTRAN BCCH and applied by the UE which aims to reactivate deactivated E-UTRAN nodes.

Proposal 6: A UE camped on UTRAN is configured with “E-UTRAN reactivation configuration information” which includes for example:

· A policy how to use the “reactivation information” (e.g. based on service, subscription, etc.)

· Radio Technology(ies) with defined frequencies and other physical channel information which can be reactivated

· A defined “reactivation message” (physical signal, random access preamble or defined RRC message) which reactivates the E-UTRAN node
· A time pattern when the E-UTRAN node/cell can receive the “reactivation message” to be reactivated
· An alternative network node for reactivation

· [FFS]

Proposal 7a: This “E-UTRAN reactivation configuration information” is broadcast on the UTRAN BCCH and applied by the UE which aims to reactivate deactivated E-UTRAN nodes.
Proposal 7b: Similarly a “UTRAN reactivation configuration information” is broadcast on the E-UTRAN BCCH and applied by the UE which aims to reactivate deactivated UTRAN nodes.

Note: this needs to be agreed by the UTRAN part of RAN2

Proposal 7c: Similarly a “E-UTRAN reactivation configuration information” is broadcast on a maintained the E-UTRAN BCCH and applied by the UE which aims to reactivate additional deactivated E-UTRAN nodes.
Proposal 7d: Similarly a “UTRAN reactivation configuration information” is broadcast on a maintained the UTRAN BCCH and applied by the UE which aims to reactivate additional deactivated UTRAN nodes.

Note: this needs to be agreed by the UTRAN part of RAN2
Exemplarily the procedure for the “UE based reactivation scheme” is explained as:

1. UE read “reactivation configuration information” from BCCH of current serving cell (e.g. a UTRAN cell)

2. When reactivation is required, the UE applies the “reactivation configuration information” to issue the “reactivation request” on the indicated resource (i.e. RAT, frequency, cell, etc).
3. After sending the “reactivation request” the UE tries to acquire the reactivated BCCH of the reactivated cell
4. The UE follows normal standardised procedure to access the reactivated cell.
5. #END
3
Conclusion 
In order to allow for optimised energy savings in RAN, Deutsche Telekom proposed to adopt also a UE based reactivation scheme for deactivated RAN nodes.
RAN2 should agree on the following proposals:
Proposal 1: An energy saving solution which allows complete deactivation of certain Radio Access Network nodes should be supported in future 3GPP releases.
Proposal 2: Energy saving solutions shall not be restricted to non-Home(e)NodeB application. Optimization for home environment should be of 2nd priority in the study item phase.

Proposal 3: An energy saving solution which allows the UE requesting communication via a deactivated RAN node should be supported.

Proposal 4: The solution shall utilise a UE initiated “reactivation request” to reactivate the deactivated RAN node.

Proposal 5: To cope with the flexibility and wide range of different deployment options and operator policies, it should be possible to define a “reactivation configuration” to be used by UEs for reactivation of deactivated RAN node. This configuration should also allow for full operator control.

Proposal 6: A UE camped on UTRAN is configured with “E-UTRAN reactivation configuration information” which includes for example:

· A policy how to use the “reactivation information” (e.g. based on service, subscription, etc.)

· Radio Technology(ies) with defined frequencies and other physical channel information which can be reactivated

· A defined “reactivation message”(physical signal, random access preamble or defined RRC message) which reactivates the E-UTRAN node
· A time pattern when the E-UTRAN node/cell can receive the “reactivation message” to be reactivated
· An alternative network node for reactivation

· [FFS]

Proposal 7a: This “E-UTRAN reactivation configuration information” is broadcast on the UTRAN BCCH and applied by the UE which aims to reactivate deactivated E-UTRAN nodes.
Proposal 7b: Similarly a “UTRAN reactivation configuration information” is broadcast on the E-UTRAN BCCH and applied by the UE which aims to reactivate deactivated UTRAN nodes.

Note: this needs to be agreed by the UTRAN part of RAN2

Proposal 7c: Similarly a “E-UTRAN reactivation configuration information” is broadcast on a maintained the E-UTRAN BCCH and applied by the UE which aims to reactivate additional deactivated E-UTRAN nodes.
Proposal 7d: Similarly a “UTRAN reactivation configuration information” is broadcast on a maintained the UTRAN BCCH and applied by the UE which aims to reactivate additional deactivated UTRAN nodes.

Note: this needs to be agreed by the UTRAN part of RAN2
The relevant amendments for the TR 36.927 are attached below.
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5
Inter-RAT energy saving
5.1
Study on inter-RAT scenario 1

5.1.1
Description of scenario 1
When operators deploy the LTE network for capacity enhancement at hot spot at initial or later stage, 2G/3G network may have been provided and optimized as the overlay. 
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Figure 5.1.1-1. Inter-RAT energy saving scenario 1
In this scenario as is shown in Figure 5.1.1-1, E-UTRAN Cell C, D, E, F and G are totally covered by the same legacy RAT Cell A and B (e.g. UMTS or GSM). Cell A/B has been deployed to provide basic coverage of the services in the area, while other E-UTRAN cells boost the capacity. 
This scenario describes one of the deployment scenarios of E-UTRAN at the initial stage, and the E-UTRAN cells are only deployed for capacity enhancement at some hot spots, therefore, the continuity of LTE coverage could not be guaranteed. The legacy network provides the basic coverage for those UEs with multi-mode capability and the E-UTRAN only UEs can not be served when they are out of the coverage of E-UTRAN. 

The solutions for this scenario should only be considered in case there are no LTE-only capable devices. 

Limitations related to network sharing are FFS.
5.1.2
Issues and potential solutions
5.1.2.1
Basic procedure of cell switch on/off

This part describes the basic procedure of cell switching on/off in inter-RAT scenario.
Solution 1: Cell switch on/off via OAM commands
With this solution, the E-UTRAN cells may be switched off/on by the centralized OAM system based on some RAN information, e.g. load information. This information may include the loads of both the coverage and hotspot cells. The Intra-RAT and Inter-RAT neighbour nodes should be informed either by the OAM or by the signalling. 

Solution 2: Cell switch on/off autonomously at the RAN node via local policies downloaded by OAM
With this existing solution, the E-UTRAN node can switch the cell on/off according to a certain policy configured by OAM, and Intra-RAT and Inter-RAT neighbour nodes should be informed, either by the OAM or by the signalling. An example policy would be switching on the cell 3 hours after switching it off or switching off the cell at 0:00 am and switching on it again at 7:00 am. Additionally, for making the on/off decision the cell might collect load information from neighbour cells either via OAM or signalling across RATs. As a part of energy saving operation, the E-UTRAN node may handover the capable UEs to UTRAN/GERAN. Furthermore, the energy saving policy may prefer not to switch off the E-UTRAN cells that are in an overlapping area between two or more basic coverage cells (handover region).
Solution 3: Cell switch on/off based on signalling across RATs
With this solution, the hotspot cell may be switched off autonomously based on information available in the cell, e.g. load information. This information may include the loads of both the coverage and hotspot cells. Switch-on may be performed upon request by one or more neighbour inter-RAT nodes. Intra-RAT and Inter-RAT neighbour nodes should be informed after on/off decision is made.
Solution 4: Cell switch on/off via UE request
With this solution, the E-UTRAN node/cell can switch the cell off according to any of the proceeding methods.

In order to switch on the E-UTRAN node/cell again when needed, the UE might request the activation explicitly by sending a “reactivation request” on the frequency on which the deactivated E-UTRAN node/cell is normally operating. 

In order to control the sending of the “reactivation request” the underlying RAT (e.g. UTRAN, GERAN or any other) might broadcast a “reactivation configuration information” on its broadcast channel. The UE camped on the underlying RAT can use this information in order to activate the overlaying E-UTRAN node/cell for example in the case when a high-speed data transfer shall be started. 

The “reactivation configuration information” may contain:

· A policy how to use the “reactivation information” (e.g. based on service, subscription, etc.)

· Radio Access Technology(ies) (RATs) with defined frequencies and other physical channel information which can be reactivated

· A defined “reactivation message” (e.g. a defined “random access preamble” or other “physical layer signals” or “defined RRC message”) which reactivates the E-UTRAN node
· A time pattern, which indicates when the E-UTRAN node/cell can receive the “reactivation message” to be reactivated
· An alternative network node for reactivation

· [FFS]

The scheme can also be applied in case of complete deactivation of all RAN nodes at a given location.

Principle procedure for this solution:

1. UE read “reactivation configuration information” from BCCH of current serving cell (e.g. a UTRAN cell)

2. When reactivation is required, the UE applies the “reactivation configuration information” to issue the “reactivation request” on the indicated resource (i.e. RAT, frequency, cell, etc).
3. After sending the “reactivation request” the UE tries to acquire the reactivated BCCH of the reactivated cell
4. The UE follows normal standardised procedure to access the reactivated cell.
5. #END
Evaluations and comparisons

5.1.2.2
How to switch on the correct cells

Issue description

When the E-UTRAN cells are not active and the load increases, the coverage cells may not know which cell should be woken up, especially when the increasing load is in the area covered by one or a few hotspots.
Solution 1: 

When the coverage cell providing coverage detects high load they use their proprietary algorithm with pre-defined low-load periods of each EUTRAN cell based on performance counters to find out which E-UTRAN cells are the most appropriate to be activated. The coverage cells may then activate the appropriate cells in E-UTRAN while keeping other hotspot cells in dormant mode.
Solution 2:
When the load is high and some E-UTRAN cells need to be switched on, coverage cells will activate its dormant neighbours. After that, if some activated cells find that they could return to sleep mode, they can switch themselves off again.
Solution 3:
In this enhancement, the listening capability of the E-UTRAN cells may be enabled independently from other functions of the cell. In that case, the sleeping cells may monitor, when requested, interference over thermal (IoT) ratio, which is obtained based on Received Interference Power and Thermal noise power. When a coverage cell detects high load, it may request the E-UTRAN cells within its coverage area to provide IoT measurements. Then, using its proprietary algorithm, in most cases it will be able to find which E-UTRAN cells are the most appropriate to serve higher load. Therefore, those coverage cells could activate the appropriate cells in E-UTRAN while keeping other E-UTRAN hotspot cells in  dormant mode.
Solution 4:

This solution addresses the problem described as follows:

STEP 1: The inactive hotspot cells are triggered (via OAM or neighbour cell) to transmit the pilot (e.g. reference signal in LTE) for at least a short time interval i.e. the so-called ‘probing’ interval. After the probing interval, all or part of hotspots may return to dormant mode. 

STEP 2: The network configures, via the coverage cell, the active and idle UEs camping on the coverage cell to perform measurements on the reference signal from the probing hot-spot cells and to report back the measurements. This approach is as defined for MDT purposes in [3] and the UE measurements are as defined in [4]. 

STEP 3: The network processes the reported UE measurements, collected via the coverage cell, and derives the decision as to which hotspot cell(s) to switch on and which hotspot cell(s) should stay in ‘dormant’ mode.

STEP 4: based on the decision made in STEP 3 above, a request is made to the relevant hot-spot cell(s) to definitely switch on. The remaining hot-spots will stay in dormant mode.
Solution 5:

When several E-UTRAN cells are activated simultaneously due to the cell activation procedure, the coverage cell may identify which E-UTRAN cells are helpful for sharing the load, i.e., which cell can be a target for active UE handover, based on the UE measurement. The coverage cell may then select cells not helpful for load sharing and send a deactivation request to them.
Solution 6:

In this enhancement, when the coverage cell detects high traffic load (requesting node), it can use a combination of UE locations, node (controlling the sleeping cells) locations, and cell radii/transmit powers in selecting which cells to be turned on (e.g. nodes that are in proximity or surrounding the UEs). Hence, the requesting node sends “On request” messages only to those nodes. Furthermore, a timer value can be included in the “On request” message sent from the requesting node to the selected sleeping nodes. At the expiry of this timer, each node verifies if the condition required for staying on has been met, and if not, it autonomously turn off cells again. 

Solution 7: for Cell switch on/off via UE request
With the UE based solution, the E-UTRAN node/cell which can be reactivated/switched on based on a pre-configured “reactivation configuration information” being broadcast e.g. by the underlying RAT. If this information is broadcasted on the BCCH of an underlying cell it can change cell-by-cell and might contain different information of the overlying E-UTRAN nodes/cells which can be reactivated. This is especially beneficial if the coverage areas of the different RATs are comparable in size. Further optimisation (e.g. based on geographical information) can be considered especially for reactivation of small cells on the overlaying layer (i.e. in HotSpot scenarios) – details are FFS.

This solution also enables a concept which does not require to reactivate a particular E-UTRAN node/cell, by any order to establish a baseline connection. Hence a UE with a pre-configured “reactivation configuration information” might request the activation of a E-UTRAN node/cell even without underlying baseline coverage. This would require further study on details, but deemed beneficial especially in areas with absolutely low traffic demand.
Evaluations and comparisons

5.1.2.3
How to switch off the cell efficiently

Issue description
The condition to enter the energy saving depends on implementation. Because the implementation in different nodes may be different the network may enter a suboptimal operating point from global energy saving point of view. 
Furthermore, if multiple hotspot cells are switched off, an overload problem may occur in the coverage cell because it may not be able to accommodate  all the traffic. How to make sure that cell switch-off will not cause overload in the coverage cell? 
Solution 1:

When the coverage cell notices that its load becomes low, it can choose some E-UTRAN cells which have lower load than the other cells, and ask them to enter the energy saving mode. As a result of this operation, the number of cells in the energy saving mode can be maximized with respect to the amount of load transferred from E-UTRAN cells to the coverage cell.
Solution 2:

When some condition is met, the hotspot cell sends a switch-off request to the coverage cell. After receiving the switch-off request, the coverage cell makes the decision if the hotspot cell should be switched off or not.  
Evaluations and comparisons

5.1.2.4
Information exchange for coordination

Issue description
To perform energy saving efficiently, the energy saving metrics of cells may be adjusted and coordinated according to some inputs from neighbour cells. Two problems may occur if there is no coordination:
· Frequent cell switch-off/on: If the load transferred from the coverage cell to hotspot cell is lower than the switch-off threshold of hotspot cell, the hotspot cell will switch-off autonomously and the coverage cell may activate the hotspot cell again.

· Unnecessary cell switch-on: If the available capacity of the coverage cell is higher than the switch-off threshold of the hotspot cell, the hotspot cell will keep switching on while the coverage cell could accommodate the load in the hotspot cell.
Solution 1:

In this case, the coverage cell and the E-UTRAN cells exchange energy saving parameters, such as traffic threshold, time duration, power consumption and so on. With these parameters, the cells may adjust their energy saving settings and make a better decision on cell switch on/off to get the best energy saving efficiency.

Evaluations and comparisons
*** END CHANGES ***
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