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1
Introduction
Benefits of coverage compensation methods for the purpose of energy saving in the E-UTRAN coverage layer was shown in the RAN3#80 meeting, and solutions are therefore going to be further studied. In this paper we take as starting point an entirely O&M controlled method for coverage compensation. We then review some possible enhancements.
2
Solutions overview
Fixing inter-site distances is an essential part of  radio planning for cellular networks, a process which will take into account the coverage versus capacity aspect. From this point of view one can consider that the "coverage compensation scenario" is the first scenario considered even before any cellular network is deployed. When capacity needs increase and a densification of the macro network is studied, the radio planning process may be seen as an "inverse compensation scenario" where the coverage of existing eNBs may be reduced and the coverage taken over by newly installed eNBs. During operation, outage of a sector or entire eNB may happen due to technical or administrative reasons, and neighbour sectors on the same eNB, or neighbouring eNBs, may then need to compensate for the outage.
One of the aims of the ongoing study item is to define an adequate standards support level making the coverage compensation functionality applicable for the purpose of energy saving in the E-UTRAN coverage layer, and not only for temporary replacement of non-operational sectors / eNBs. In this paper we therefore review some potential solutions presented in the order of increasing level of standards support. On this background we attempt to analyse at which level of functionality coverage compensation can evolve from serving basic (static) deployment scenarios to serving (more dynamic) scenarios of energy saving.
2.1 O&M-based solution

An O&M-based solution for coverage compensation can be realised without standards support. This solution will in practice be used in a manual way in particular cases where the operator needs to shut down eNBs for operational reasons and as a consequence compensates the lost coverage by e.g. up-tilting or power increase of neighbouring eNBs [1]. 
In this solution one basic option is that the compensating cells keep their cell IDs (ECGI, PCI). However update of the neighbour relation information is needed, leading to setting up new X2 connections and tearing down existing ones towards the eNBs that are being switched off.
Another option, in line with a proposal captured in TR 36.887 at last meeting, is that new cell IDs are taken into use when the network switches from normal operation to energy saving mode. Following this option the solution will consist in that all cells within the energy saving area of the concerned E-UTRAN coverage layer are being switched off (in other words the cells belonging to energy saving capable eNBs as well as those belonging to the compensation capable eNBs). The compensation capable eNBs will then switch on their compensation cells according to preconfigured information.
2.2 Solution based on RNL signalling for cell switch-on/off
As indicated in sub-section 2.1, under the condition that "cells re-configured to provide compensation coverage should appear as different cells (i.e. different PCI and E-CGI)"  (currently "FFS" in TR 36.887), a basic coverage compensation mechanism can be realised by a series of cell switch-on and switch-off operations. It therefore seems natural to study whether the existing X2AP Energy Saving function could be reused or adapted. This function was introduced in Rel-9 and enables indication of cell activation/deactivation.
Based on the existing function a CELL ACTIVATION REQUEST message sent from an energy saving capable eNB to a compensation capable eNB could correspond to a request for compensation. Prior to sending such a message knowledge about energy saving and compensation roles would need to be shared by O&M or during X2 setup. 
Exit from the energy saving state could be triggered both by the energy saving capable eNB, using the Served Cells To Modify IE without Deactivation Indication in the ENB CONFIGURATION UPDATE message. It could also be done by the compensation capable eNB using the CELL ACTIVATION REQUEST message. If compensation is done for more than one cell, it could be studied whether energy saving capable eNBs not receiving the CELL ACTIVATION REQUEST message could exit energy saving state upon reception of a ENB CONFIGURATION UPDATE message including the Deactivation Indication IE from the compensation capable eNB.
2.3 Solution based on compensation-dedicated RNL signalling

Our preference would still be to introduce RNL signalling dedicated for coverage compensation. Different reasons lead in our view to this conclusion, in particular better possibility to enable enhanced functionality or backwards compatibility reasons. Enhanced functionality may include:
· dynamic selection of the compensation eNB depending on load distribution

· enhanced support of the transition phases (handling of connected mode UEs)

· higher QoS awareness in the decision flow leading to entering or exiting ES state 

Forwards compatibility aspects should also be taken into account in the choice of the solution, to cover the case where some of the functionality described above is enabled or enhanced in later releases of the standard.

Variants of dedicated signalling (e.g. using a COMPENSATION REQUEST message) have been proposed in earlier meetings.

3
Conclusion / proposals
The legacy-based signalling approach indicated in sub-section 2.1 of the present paper can be realised only at the condition described as FFS in TR 36.887: "cells re-configured to provide compensation coverage should appear as different cells (i.e. different PCI and E-CGI)". However the compensation-dedicated signalling approach (sub-section 2.2) may also of course be designed to handle cell ID changes.

Our understanding is that different PCI / E-CGI would be a sensible approach to isolate the studied ES mechanism from  impacts in particular to ANR and MRO. It should then be further studied whether such approach would be compatible with any intra-frequency solution for call continuity of RRC-connected UEs during the ES state transitions. 
Based on this we make the following proposals:
Proposal 1: Further study the approach of different PCI and E-CGI for the purpose of reducing impacts on ANR and MRO.

Proposal 2: Ensure call-continuity during ES phase transitions by inter-frequency solutions. 
Proposal 3: A compensation-dedicated RNL based signalling approach is seen as the best approach due to backwards and forwards compatibility aspects. 
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