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1. Introduction

 In RAN3#69bis [1] we have discussed the feasibility of intra- RAT energy saving showing that ES based on global OAM policy can achieve the same coverage as in non ES situation. In RAN3#70 [2] we have discussed inter- RAT ES showing that in this scenario where the deployment of the RATs are uncoordinated, autonomous cell switch off is not providing optimum ES performance and local coordination is needed between RATs prior to ES.

In [3], it was proposed to consider further the intra-RAT ES scenario provided in [1] since inter- RAT scenario seems not useful for the operators because customers that pays for using EUTRAN will not want to use UTRAN/GERAN instead.

So, in this contribution we will discuss further intra-RAT scenario providing potential solution for cell switch ON/OFF in this intra-RAT compensation scenario.           
2. Discussion
In [1] a scenario of 49 eNBs is deployed in coverage region of 6x6km with maximum power of 46dBm per eNB with inter site distance of 750m. The overall network is assumed to be a regular grid of 7x7 eNBs. It was shown that it is possible to avoid coverage holes that may be introduced by energy saving actions by leaving ON a predefined list of compensator eNBs in the coverage area while turning off all the other eNBs.
This compensator list calculation is a key issue for implementing ES in the network. Several options can be considered for this calculation:

· Centralized solution: in this option the OAM evaluate the compensator list globally for a coverage region by applying ES algorithm. This algorithm should be based on the traffic demands/statistics, operator policy, geographic information about the relative positions of the base stations …etc. Once OAM determines this compensator list, it configures the eNB to enter either in ES state or to compensate for ES.            

· Distributed solution: in this option the OAM is not involved in the compensator list calculations. For example, eNBs maintains the list of possible compensators in its neighbourhood in its neighbour relation table (NRT). These compensators will be evaluated through periodic load exchange between eNBs or explicit compensator / non-compensator indication in the system information of neighbouring eNBs. The neighbouring eNB can autonomously decide to enter into ES state based on this local information by executing ES algorithm. 
· Hybrid solution: in this option both OAM and distributed ES decision are involved, for example, OAM decides periodically for global compensator list in the coverage region. This list is then updated locally based on load exchange between the base stations. In this case, the ES algorithm is executed on two different coordinated time scales: global time scale that corresponds to OAM ES algorithm and local time scale that corresponds to distributed eNB based ES algorithm.     
Centralized solution will provide the best performance both in terms of ES efficiency and coverage adaptation since centralized ES algorithm will have load/traffic measurements of the whole network. OAM provides coordination between the ES actions in the network and avoid the divergence of ES algorithm. However, the centralized solution cannot handle highly dynamic traffic demands/load variations since it necessitates periodic reporting of load/traffic situation of the eNBs before running ES algorithm.

Distributed solution can handle more efficiently local and highly variable traffic demands/load variation but may lead to instabilities, poor coverage adaptation and non optimum ES decisions. These issues however can be solved by introducing extra coordination/negotiation phase between the eNBs prior to ES decisions as described in [2].

Hybrid solution may combine both the advantages of the centralized solution in terms of performance and ES efficiency and the flexibility of the distributed solution. ES algorithms are executed autonomously in each eNB; the algorithms are coordinated through a large scale ES algorithm executed in OAM. Hybrid solution split the ES processing load between OAM and the eNBs of the network, reducing the complexity of the ES algorithm in OAM and eNB when compared to fully centralized or fully distributed solutions.  
Proposal: we propose to capture the three solutions described previously in the following text to be added to the TR 36.927
Modification to TR 36.927 

------------------------------------------------------------------------------------------------------------------------------------------------

6.2.2
Issues and potential solutions
6.2.2.1
Basic procedure of cell switch on/off
This part describes the basic procedure of cell switching on/off in inter-eNB scenario 2. 
Solution 1: Cell switch on/off via O&M commands
With this solution, the eNB cell can 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 the eNBs in a given coverage area controlled by OAM system. In this procedure, the neighbour eNB should be informed either by the OAM or by the signalling of the cell energy-saving mode switches and the ES algorithm is run in the OAM system.

Solution 2: Cell switch on/off based on signalling exchange
This solution has already been agreed in Rel-9. With this solution, the E-UTRAN cell may be switched off autonomously based on information available in the cell, e.g. load information, to lower energy consumption. This information may include the loads of both the EUTRAN cell and its neighbouring cells. Switch-on may be performed upon request by one or more neighbour E-UTRAN nodes if capacity needs in such cells demand to do so, and the eNB owning the dormant cell should normally obey a request. In this procedure, its neighbour nodes should be informed after on/off decision is made.
Solution 3: Cell switch on/off based on signalling exchange and based on local policies downloaded by OAM

With this solution, the E-UTRAN node, might collect load information from neighbour cells via inter-eNB signalling and execute an ES algorithm coordinated with ES algorithm executed by OAM for making the on/off decisions. After the cell switching on/off procedure, its neighbour nodes should be informed either by OAM or by eNB signalling. 
------------------------------------------------------------------------------------------------------------------------------------------------
3. Conclusion
 In this contribution we have discussed three solutions for cell switch ON/OFF in intra RAT energy saving scenario and proposed a text to be added in TR36.927 that captures the three solutions. We propose to consider further the hybrid solution (solution 3) because it may  combine both the advantages of centralized OAM based ES and the flexibility of distributed ES. 
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