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1. Introduction
So far, the ES cells switch off and switch on signaling mechanism has not yet been discussed for ES in LTE coverage layer use case. This contribution puts forward possible switch-off/on signaling procedures for the energy saving scenarios, and provides corresponding TP. It is suggested RAN3 discusses them and agrees to capture the TP into the TR 36.887.
2. Discussion
Regarding existing three scenarios for LTE coverage layer, since there is no cell switch-off in the Tx power optimisation scenario, the following solutions discussion only applies for the first two scenarios, i.e. single compensating eNB deployment scenario, and multiple compensating eNBs deployment scenario.
2.1. Switch-off signaling procedure
In this SI, the ES scenarios are more complicated than the overlaid intra-LTE ES scenarios in Rel-11, including cases of multiple ES cells compensated by multiple compensation cells, in which either the ES cells or the compensation cells might be controlled by different base station nodes. Therefore, more consideration needs to be taken into account on the signaling mechanism for these scenarios.
Principles of switch-off mechanism:

Before discuss the detail signaling procedure, it is beneficial to investigate some principles for the mechanism in LTE coverage layer.

I. Should have a general, unified signaling mechanism for these two ES scenarios to maintain consistency and reduce complexity 

II. The ES cell initiates the switch-off procedure (i.e. ES-Compensation coordination) based on its load status

III. The initiating ES cell makes the decision, i.e. whether network can enter into ES mode (ES cells switching off, and compensation cells expanding coverage)

IV. Any cell in the ES cell group can initiate the switch-off coordination procedure
A general and unified signaling procedure can keep the solution clear and simple, hereby reduce the specification complexity and the standardization workload.

The rationale of principle II&III is that the load status of the ES cells should be the trigger to evaluate whether the network have the chance to enter into the energy saving mode. After acquiring necessary information from other ES cells and compensation cells, the initiating ES cell is adequate to make the decision knowing the feasibility of offloading to the compensation cells from all ES cells.
The rationale of principle IV is that since the load in each cell may vary at some point of time, it is reasonable that each ES cell in the group can initiate the switch-off coordination procedure so far as there is no ongoing coordination.
Possible switch-off signaling procedure:

Based on the above principles, the figure below, as an example, illustrates the whole switch-off coordination procedure. We here assume that OAM would pre-configure an ‘ES Cell Group’ in which all the cell need to be switched-off synchronously (i.e. it is not allowed only part of the cells in the group enter into dormant state), and a corresponding ‘Compensation Cell Group’ in which all the cells need to expand synchronously to provide compensation when the local network enters energy saving mode.
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Figure 1:  ES cells switch-off procedure

i. An ES cell triggers ES and compensation coordination based on its load status (any ES cell can trigger this action so far as its load level meets pre-configured criteria);

ii. This cell obtains the load information from the corresponding compensation cells and other ES cells within the group;

iii. It determines whether or not the load in all the ES cells (including itself own) could be accommodated by these compensation cells altogether, if yes, it initiates compensation requests to all the corresponding compensation cells;

iv. Upon reception of the request each compensation cell determines whether the required coverage adjustment can be made currently; if yes, the compensation cell conducts the adjustment, enters into COMPENSATING state, and replies the acknowledge response, meanwhile notify the state change to the neighbouring eNBs;

v. The initiating ES cell checks whether all the responses are positive, if yes, it determines network can enter into ES mode, then sends switch-off requests to other ES cells in the group; 
vi. Upon reception of switch-off request, each of the ES cells tries to handoff UEs to appropriate compensation cells, enters dormant state, and notify state change to the neighbour eNBs, so do the initiating ES cell.
2.2. Switch-on signaling procedure

Principles of switch-on mechanism:
(I) Should have a general, unified switch-on signaling mechanism for these two ES scenarios. 
(II) The compensation cell initiates switch-on (activation) procedure.
Some X2AP signaling has been introduced for energy saving in overlaid scenarios from Rel-9. In this SI, the existing mechanism and signalling can be reused if appropriate, e.g. the compensation cells initiate to activate ES cells, similarly as the Rel-9. Thereby the existing Cell Activation signaling can be reused.
(III)  The coordination of compensation cells is needed.
In the LTE coverage layer, the multiple compensation cells belonging to different nodes needs to coordinate to ensure they could retreat compensation state synchronously. Thus, signaling between compensation cells should be considered.
(IV) Any cell in the compensation cell group can initiate the switch-on procedure so far as the pre-configured criteria satisfied.
Possible switch-on signaling procedure:
Based on above principles, an example switch-on procedure is illustrated in the following figure illustrates:
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Figure 2:  ES cells switch-on procedure

i. An compensation cell triggers switch-on based on its load status (any compensation cell can trigger this action so far as its load level meets pre-configured criteria);

ii. The concerned compensation cell  sends activation requests to corresponding ES cells;

iii. Complying to request, each ES cell switches on and exits from the dormant state, and notifies the neighbouring eNBs of their state change;
iv. The initiating compensation cell requests all other compensation cells to exit from the compensating state;

v. All the compensation cells handover the affected UEs, restore the normal coverage, exit from the compensating state, and notify the neighbouring eNBs of their state change.
3. Proposal
This paper provides principles and procedures of switch-off and switch-on signaling under the agreed two ES scenarios, and it is suggested RAN3 to discuss and evaluate them and capture the TP into the TR.
Proposal: RAN3 discusses and agree the above procedures of switch-off and switch-on under the first two ES scenarios, and capture the following TP into the TR 36.887.
============================================================================
Text Proposal
5.2.2
Solutions description 

/*    skip unchanged   */
Issue  4

.
a)  Switch off signalling 

The switch off signaling mechanism includes the following steps,

i. An ES cell initiates the switch-off procedure based on preconfigured criteria.
ii. The initiating ES cell makes the decision, i.e. whether network can enter ES mode (ES cells switching off, and compensation cells expanding coverage) based on the load information of all the concerned cells.
iii. The initiating ES cell requests compensation cells to perform compensation operation, and other ES cells to switch off.

b)  Switch on signalling

The Rel-9 inter-eNB switch on mechanism can be reused with some enhancement if necessary, in order to enable the coordination of compensation cells to exit from compensating mode.

The switch on signaling mechanism includes the following steps,

i. A compensation cell initiates activation to corresponding dormant cells based on preconfigured criteria.

ii. The initiating compensation cell requests other compensation cells to exit from compensating state.
5.3.2
Solutions description 

/*    skip unchanged   */
Issue 5

Same as section 5.2.2 issue 4.
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