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1
Introduction
A peer-to-peer approach for switch-off of cells with redundant coverage was agreed as working assumption for intra-LTE energy saving solutions during RAN3#66bis (Valencia). In this paper we propose a variant peer-to-peer solution using some elements from  earlier proposals [1], [2] and [3], and having very little impact on existing standard. Associated stage 2 and stage 3 CRs for this proposal may be found in ref. [5] and [6].
2
Use-case description
RAN3 currently discusses an intra-LTE energy saving solution for cells with redundant coverage belonging to different eNBs:

[image: image1]
Fig. 1: Cells with redundant coverage belonging to different eNBs

The yellow cells 1 and 2 correspond to "umbrella cells" with wide coverage, and the green cells are cells with smaller coverage for particular areas (roads, hotspots, ...). Cell 5 covers an area partly covered by cell 1 and partly by cell 2.
These cells may be organised by O&M in a Hierarchical Cell Structure.
For simplicity we consider that cell 1 is controlled by eNB1, cell 2 controlled by eNB2, cell 3 controlled by eNB3, etc.

2
Background
The X2 interface being a peer-to-peer interface in a flat architecture, the X2AP protocol doesn't intrinsically contain mechanisms supporting cell topologies as the one depicted in figure 1 and also described in [4].

In such topology a cell switch off done by an individual eNB will necessarily have an impact on the load situation in other cells / eNBs. E.g. if eNB3 switches off cell 3, the load will necessarily be transferred to cell 1 (eNB1). And even in the case where eNB3 only switches off when no UE is connected, the new calls that would normally have been handled by eNB3 will need to be handled by the eNB1. In case of switch off due to energy saving reason, it is assumed that the existing load is transferred prior to the actual cell switch off.

Proposals to RAN3 so far have used the following mechanisms:
- In contributions [1] and [2], the small cell switches off autonomously and informs neighbouring eNBs. A new elementary procedure enables the neighbouring eNBs to request cell switch-on when needed. A new cause value for handover is provided for cell off-load prior to switch-off.
- In contribution [3], the umbrella cell requests the small cell to switch off / on using a new elementary procedure. The small cell informs the neighbouring cells about the switch off  / on (Served Cell Information IE). Switch-off shall be done if requested by a neighbour eNB, so this proposal doesn't seem to cover the case of cell 5 in Fig. 1 above, overlapping the coverage of two umbrella cells.
The following table summarizes the main characteristics of the proposals, including the current proposal described in section 3 below.
	[Tdoc ref.]  / Main
 proponent
	Switch-off
	Switch-on

	[1] / Ericsson
	Autonomous switch-off decision. Neighbour eNBs are informed after decision is made.
	Switch-on may be performed upon request by one neighbour eNB. Requesting neighbour eNB is informed about outcome of the request, and other neighbours informed in case switch-on is performed.

	[2] / Huawei
	Same as above.
	Same as above.

	[3] / ZTE
	Switch-off shall be performed upon request by one neighbour eNB except for failure case. Other neighbour eNBs informed when switch-off is performed.
	Switch-on shall be performed upon request by one neighbour eNB. Other neighbour eNBs informed when switch-on is performed.

	Current proposal (cf. section 3 below) / ALU
	A set of configured neighbour cells authorise switch-off. Switch-off may be performed if authorised by all cells in the configured set. Other neighbour eNBs informed when switch-off is performed.
	Switch-on shall be performed upon request by at least one of the neighbour eNBs. Other neighbour eNBs informed when switch-on is performed.


3
Solution
The principle of autonomous resource management in each eNB seems difficult to apply to energy saving using cell switch off. So in this paper we instead propose the following collaborative solution. This proposal may be seen as an extension of the proposal in [3], in order to cover the case of cell with overlapping coverage (cell 5 in Fig. 1).
Information is proposed to be transferred during the eNB Configuration Update elementary procedure, using the following optional IEs:
	IE (enumerated)
	Possible values
	Semantics

	Energy Saving Opportunity Indicator
	1. Energy Saving Allowed

2. Energy Saving Not Allowed
	Information related to the situation in the served cell. Indicates whether subordinated cells may switch off or remain switched off for energy saving reasons.

	Switch-off Indicator
	1. Switched-off
	Present if the cell is switched off for energy saving raisons.


Note 1: The Energy Saving Opportunity Indicator IE could also be carried in a new elementary procedure for e.g. energy saving information. We would however prefer, at the current early stage of RAN3 standardisation activity for energy saving, to use the eNB Configuration Update elementary procedure for this purpose.
Note 2: The above IEs are proposed as a part of the Served Cells To Modify IE in the ENB CONFIGURATION UPDATE message. We avoided the use of the Served Cell Information IE which is also present both in the X2 Setup procedure. 
3.1 Simple case

[image: image2]
Fig. 2: Simple case

The covered area of cell 3 is entirely redundant with cell 1's coverage. Cell 3 is configured by O&M as subordinated to cell 1.
If the Energy Saving Opportunity Indicator IE for cell 1 is not present in the eNB Configuration Update from eNB1, the cell may perform autonomous switch off.
If the Energy Saving Opportunity Indicator IE for cell 1 is present (with value either allowed or not allowed) in the eNB Configuration Update from eNB1, the cell should follow the energy saving indication from its umbrella cell according to O&M configuration.

When the cell 3 switches off, eNB3 sends ENB CONFIGURATION UPDATE REQUEST message to all neighbouring eNBs (eNB1 and eNB4) with Switch-off Indicator IE present. 

When the cell 3 switches on again, eNB3 sends ENB CONFIGURATION UPDATE REQUEST message to all neighbouring eNBs without the Switch-off Indicator IE.
3.2 Overlapping case

[image: image3]
Fig. 3: Overlapping case

Cell 5 is a small cell partly overlapping cell 1 and partly overlapping cell 2. Cell 5 is configured by O&M as subordinated to cell 1 and cell 2.
If the Energy Saving Opportunity Indicator IE for cell 1 is not present in the eNB Configuration Update from eNB1 and not present in the eNB Configuration Update from eNB2, the cell may perform autonomous switch off.

If the Energy Saving Opportunity Indicator IE for cell 1 is present in the eNB Configuration Update from eNB1 and/or from eNB2, the cell should follow the energy saving indication from the umbrella cells according to O&M configuration. Of course, in case one of the two umbrella cells indicates "Energy Saving Not Allowed", the subordinated cell should not switch off, or should switch on again if switched off.

When the cell 5 switches off, eNB5 sends ENB CONFIGURATION UPDATE REQUEST message to all neighbouring eNBs (eNB1, eNB2 and eNB4) with Switch-off Indicator IE present. 

When the cell 5 switches on again, eNB5 sends ENB CONFIGURATION UPDATE REQUEST message to all neighbouring eNBs without the Switch-off Indicator IE.

4
Conclusion
We have proposed a solution for intra-LTE energy saving using switch-off of cells with redundant coverage. The solution has a very small standardisation impact, and provides at the same time flexibility with regard to supported network topologies.
Proposal 1: We propose RAN3 to discuss and agree upon the described solution.
Corresponding stage 2 CR is provided in [5], and stage 3 CR to in [6].
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