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1. Introduction
New study item "Study on Energy Saving Enhancement for E-UTRAN" [1] has been approved by the RAN#58 plenary meeting in Barcelona. One of the topics that need to be addressed as part of this study item is "potential solutions to guarantee end user’s experience in energy saving". In this contribution we provide some initial considerations regarding this issue.
2. Discussion
Generally, there are two scenarios related to energy saving which may affect the user QoS. For the purpose of this discussion, let's consider the following deployment:
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In the figure above there is a small cell under a macro cell coverage which may be turned on and off for energy saving. A user which is located near the edge of the macro cell can be served by the small cell, if it is powered on and will be served by the macro when the small cell is off.
Scenario 1 

A small booster cell is switched off for energy saving and coverage is provided by a macro cell. A user with high QoS requirements connects to the macro cell, which cannot provide adequate QoS level (for instance because the user is located near the cell edge), however there is a switched off small booster cell which may, if woken up, prove better QoS.

The issue with this scenario is that there are maybe multiple powered off small cells under the macro cell coverage and it may be difficult to identify the correct cell that may provide adequate QoS level for the user (this problem has been discussed at length in Release-11). Not only that, but there is a certain overhead associated with the current wake-up mechanism, so the added benefit of improving QoS of a single user may not justify the overhead of frequent wake ups of multiple small cells. It must be noted that as far as the user is concerned, there is no service degradation – the user would experience the same level of QoS, albeit not the best one which the network could provide, from the beginning.
Observation 1 – potential solutions for scenario 1 may be complex the added benefit may not justify the overhead.

If, however, RAN3 comes up with an efficient wake up mechanism this issue may be addressed with a reasonable pain vs. gain trade-off.
Proposal 1 – it is proposed that RAN3 defers discussions on scenario 1 until there is an efficient eNB wake up mechanism.

Scenario 2

A small booster cell has a very low load, potentially just one user and decides to switch off for energy saving. However, there is a user with high QoS requirements connected to it which may not receive the same level of QoS if handed over to a macro cell. 
Observation 2: the user does experience QoS degradation in scenario 2 when handed over from a small cell to a macro cell.
Proposal 2 – it is proposed to discuss whether it is acceptable that the user may experience QoS degradation when its current serving cell is switched off for energy saving.

If RAN3 agrees that it is important that the user QoS, including GBR and non-GBR bearers is not affected because of network energy saving there are two possible solutions that may solve this issue. The difference between them is whether the source or the target eNB assess if the user QoS will be affected by the handover and make a decision whether to proceed with the handover and the subsequent power off of the cell or not.
To better illustrate the solutions described below we would refer to the following diagram from TS 36.300 [2] which shows the handover message exchange
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Figure 1: Handover
Solution A

In this solution, the source eNB assesses whether the target eNB can provide the required level of QoS for the user before the handover during step 3 "HO decision" in the Figure 1 above. If the conclusion is positive, the source eNB initiates the handover and then proceeds to enter the energy saving state.

In order to make this assessment the source eNB needs to know certain information about the UE QoS requirements, the target cell load and the radio conditions between the UE and the target cell. Most of this information is already available to the eNB. It is FFS whether additional standardization is required.

The advantage of this solution is that the standardization impact appears to be small, maybe limited to stage-2. The disadvantage is that even if the source eNB has all the information required to estimate the QoS the user would receive in the target eNB there is no guarantee that this estimate is correct, since the target eNB may have different scheduling implementation.

Solution B

In this solution the target eNB decides whether it can answer the user QoS requirements after receiving the handover request (step 4 in Figure 1) during the admission control decision (step 5 in Figure 1). If the conclusion is positive, the target eNB accepts the handover by sending Handover Request Ack message in step 6, otherwise it rejects the handover and sends Handover Preparation Failure message.

For the target eNB to be able to assess whether it can satisfy the user QoS requirements it needs to receive certain information from the source eNB, specifically it needs to know the user QoS requirements and potentially CSI measurement results. Not all of this information may be currently available to the target eNB. It is FFS what information is needed by the target eNB to assess whether it can satisfy the user QoS requirements.

The disadvantage of this solution is that it may require additional standardization impact, however the advantage is that it can guarantee that there is no QoS degradation.
Proposal 3: it is proposed that RAN3 discusses the above solutions for the scenario 2

3. Conclusions and Proposal
Proposal 1 – it is proposed that RAN3 defers discussions on scenario 1 until there is an efficient eNB wake up mechanism.
Proposal 2 – it is proposed to discuss whether it is acceptable that the user may experience QoS degradation when its current serving cell is switched off for energy saving.
Proposal 3: it is proposed that RAN3 discusses the above solutions for the scenario 2
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