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1. Introduction

In the last few years, the energy consumption has become an issue for mobile networks and aim is to minimize energy consumption while preserving the quality of service perceived by users. With this scope some work on inter-eNB energy saving has been done in Rel-9. Further in RAN 47 meeting, the study item on energy saving for E-UTRAN has been approved [1]. 

As agreed the prioritised use cases considered are inter-eNB and inter-RAT energy saving and the objective is to perform initial evaluation of the proposed solutions and use them as a subset as basis for further investigation and standardization. Until RAN 48 the scope of the study is focused to network based schemes to turn cells on or off, however situation will be re-assessed later.

From environmental perspective NSN is highly committed to support energy saving progress in standardization and therefore to bring discussion forward we have the following proposals:
· Ensure that the use cases are aligned with high level use cases described in TR 32.826 [2] and especially for the inter-RAT case a close cooperation with SA5 would be appreciated.
· Consider and discuss the relevance of legacy UE issue for the inter-RAT energy saving and take into account multi-RAT capability of current eNBs.

· Discuss and evaluate the reuse of inter-RAT SON mechanism in the context of network energy saving.
· For the inter-eNB case besides switch off and on of nodes, we see necessity to look at compensate mode where in network energy saving case non switched off nodes compensate network performance by tuning radio parameters like the downlink transmission power and/or antenna tilt to overcome coverage whole situation.

· The compensation mode in our opinion is especially needed in inter-eNB co-channel capacity case. Therefore we think for ease of analysis we should distinguish inter-eNB use case further into co-channel capacity and adjacent channel scenario.

2. Discussion
In LTE Rel-9, some solutions on inter-(e)NB energy saving for UTRAN and EUTRAN have been agreed lately. However, use cases were not too detailed and probably limited. For example the inter-eNB co-channel capacity case was neglected and also alignment with SA5 would be appreciated. 
Regarding potential solutions and optimizations for further enhancement the potential of a eNB compensation mode to avoid coverage wholes in case of network energy saving was not discussed. In our opinion this issue needs to be closely linked to the SON coverage compensation case and should be done either under the network energy saving study item or under SON which is our preference.  
2.1. Inter-eNB Energy Saving
As mentioned main aim in energy saving is to optimize energy consumption at the network scale, while preserving the quality of service perceived by users. This can be done by utilizing the fact that networks are dimensioned to cope with peak time traffic demand. During off-peak times the load distribution is different and typically low e.g. during certain hours of the night. The following figure shows a capacity limited homogeneous network.
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Figure 1: Network arrangements corresponding to capacity demand variation for energy saving [2]
As can be seen in peak traffic situation the eNBs are in non energy saving mode to cope with the high capacity needs and the coverage area per cell is smaller than the maximum possible area. On the right hand side during off-peak time the coverage area of the center cell is increased to compensate the neighbor cell coverage gaps due to network energy saving. The increase in coverage area can be done by adaptation of radio transmission related parameters like transmit power and/or antenna tilt and the eNBs for this use case can be in different states: Power Off (Energy Saving State), Power On (Non Energy Saving State) or the Energy Saving Compensate State where the parameter adaptation happens. Especially in inter-eNB co-channel capacity case and for analysis of parameter adaptation the introduction of a compensation state besides the current on/off model should be considered. The procedures needed on network level to adjust cell area are likely to be similar as the procedures discussed in SON for coverage whole compensation. Therefore investigation of reuse of those might become a simpler task.
2.2. Inter-RAT Energy Saving 
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Figure 2: Wide Area Multi-RAT Scenario for Network Energy Saving
An example of base station energy consumption for 2G and 3G base stations dependent on the cell load is given in Figure 3. The 2G load represents the proportion of occupied time slots while the 3G load is the proportion of emitted power to the maximum power. In the depicted case the power consumption of the legacy base station is larger than in case of 3G and in case of coverage redundancy it would be more beneficial to switch of the legacy base station. However as already mentioned during email discussion there might be a UE legacy issue. For example if a UE is only capable of GSM but not UMTS/HSPA or LTE switching of legacy nodes creates coverage wholes from legacy UE perspective and the problem could only be solved if the coverage redundancy 3G NB or LTE eNB is multi-RAT capable. Then GSM mode can be supported from energy efficient multi-RAT node.
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Figure 3: Energy Consumption vs. Sector Load [3]
3. Conclusion / Proposed way forward
From the discussion and analysis above we propose the following:

· Ensure that the use cases are aligned with high level use cases described in TR 32.826 and therefore especially for the inter-RAT case a close cooperation with SA5 would be appreciated.

· Consider and discuss the relevance of legacy UE issue for the inter-RAT energy saving and take into account multi-RAT capability of current eNBs.

· Discuss and evaluate the reuse of inter-RAT SON mechanism in the context of network energy saving

· For the inter-eNB case besides switch off and on of nodes, we see necessity to look at compensate mode where in network energy saving case non switched off nodes compensate network performance by tuning radio parameters like the downlink transmission power to overcome coverage whole situation.

· The compensation mode in our opinion is especially needed in inter-eNB co-channel capacity case (non-hierarchical cell structure). Therefore we think for ease of analysis we should distinguish inter-eNB use case further into co-channel capacity and adjacent channel scenario which might be a hierarchical cell structure.
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