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1. Introduction
During RAN4#79 initial discussions on switch on and off enhancements to guarantee user QoS took place and was summarized in [1], however no decision was taken. In this paper we provide some additional considerations on this topic.

2. Procedural
In order to make a progress with this study, it is important to agree on how the results of it will be documented before we discuss the technical details of the proposed enhancements. There are three options:

1. Re-use the existing TR 36.927 [2]

2. Create a new TR

3. Use "living document"

Proposal 1: it is proposed that RAN3 discusses and agrees on how the proceedings of energy saving study item shall be documented.
Our preference is to create a new TR.
3. 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.
Switch on enhancements
A small booster cell is switched off for energy saving and coverage is provided by a macro cell. As the load on the macro cell increases it may want to wake up one of the switched off capacity cells.

Two solutions have been proposed at RAN3#79 to address this scenario.

Solution 1 
In this solution the coverage cell chooses the target cell so that it can provide the same or better QoS for the UE which is being handed over. The probing mechanism may be used to identify the candidate cell for switch-on and subsequent handover which has the same or better radio link to the UE as the macro cell and thus can provide the required QoS. However, the probing mechanism standardized in Release-11 is only defined for the inter-RAT scenario.
Observation 1: solution 1 re-uses Release-11 probing to maintain user QoS in switch-on scenarios for inter-RAT case, however probing mechanism is not defined for the intra-LTE case.Proposal 2: RAN3 should consider standardizing intra-LTE probing to enable QoS estimation before cell activation.
Solution 2

When taking switch-on decisions (to switch on a neighbour cell), the eNB takes into account the QoS requirement, subscriber type, etc. for currently served UEs. The eNB may for example treat different subscriber types differently by using different thresholds.
This solution can be viewed as an additional optimization for solution 1 which may save certain overhead associated with probing in some cases. With this solution the operator has the flexibility to decide which subscriber types justify the probing overhead to maintain their QoS. 

Since this subscriber type information is already available to the eNB this solution does not require any standardization changes.

Observation 2: solution 2 is an optimization for solution 1.

Switch off enhancements
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 will be handed over to a macro cell if a small cell is switched off.

HANDOVER REQUEST message has the following QoS related information:

1. "E-RAB Level QoS Parameters" IE with "GBR QoS Information"
2. UE Aggregate Maximum Bit Rate
3. RSRP and RSRQ measurement results of the target cell
Note that as far as GBR bearers are concerned, current handover mechanism can take them into account and for GBR bearers there is no QoS degradation because HANDOVER REQUEST message contains all the information that the target cell needs in order to estimate whether it can provide the required level of QoS.. However this is not the case for non-GBR bearers and the user making heavy use of non-GBR bearers may experience QoS degradation since the only non-GBR QoS related information that is available is UE-AMBR. If, for instance, there is a video streaming application running on top of non-GBR bearers (which is almost always the case) this video stream may not be able to continue running uninterrupted upon handover.
Observation 3: the user may experience QoS degradation related to non-GBR bearers when handed over from a small cell to a macro cell for energy saving reason.
Different solutions have been proposed to address this issue. They can be roughly classified as proactive and reactive.

Reactive approach
Solution 3

In this approach, it is proposed to re-use solutions defined as part of UPCON [3] work to mitigate QoS degradation which may result from handover for energy saving reasons. It must be noted that UPCON addresses a different problem of RAN user plane overload and the solutions being proposed are designed to mitigate RAN overload by prioritizing and/or limiting user traffic, i.e. UPCON solutions affect user QoS by design and hence cannot prevent user QoS degradation.
Observation 4: UPCON solutions affect user QoS by design and hence cannot prevent user QoS degradation.

Proactive approach
The following proactive solutions have been proposed 

Solution 4
When taking switch-off decisions, the eNB takes into account the QoS requirement, subscriber type etc. for currently served UEs. The eNB may for example treat different subscriber types differently by using different thresholds.
Observation 5: solution 4 requires no signaling and no standardization change, however it cannot prevent QoS degradation for all users as the eNB that switches off does not check or estimate the QoS level at the target cell.

Solution 5
In this solution, the source eNB assesses whether the target eNB can provide the required level of QoS for the user before the handover. If the conclusion is positive, the source eNB initiates the handover and then proceeds to enter the energy saving state.

The major difference between solutions 4 and 5 is that the source eNB does not just differentiate between different user types, but tries to predict the actual throughput the UE would receive at the target eNB and estimate, whether it would be enough to satisfy user requirements for GBR bearers and current user throughput for non-GBR bearers.

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 UE measurements of the target cell. All this information is already available to the eNB.

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.

Another issue with this approach is that it would deviate from the current procedure in which it is the target eNB that make this decision, albeit for GBR bearers only.

Observation 5: solution 5 requires little standardization, however it deviates from the current procedures and cannot fully guarantee user QoS upon handover for non-GBR bearers.

Solution 6
In this solution the target eNB decides whether it can meet  the user QoS requirements for UE being handed over for energy saving reasons after receiving the handover request. If the conclusion is positive, the target eNB accepts the handover by sending Handover Request Ack message, 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. Information related to GBR bearers (including QoS parameters and UE measurements) is already available in the HANDOVER REQUEST, however not all information related to non-GBR bearers and especially their current usage is.
The disadvantage of this solution is that it may require additional standardization, however the advantage is that it can guarantee that there is no QoS degradation.
Observation 6: solution 6 requires some standardization impact, however it can guarantee user QoS for both GBR and non-GBR bearers.

Proposal 3: it is proposed that RAN3 discusses the proactive solutions  4 to 6 for the scenario 2.
4. Conclusions and Proposal
In this contribution we analysed issues related to user QoS during energy saving procedures and listed various candidate solutions. It must be noted that most of the issues can be addressed to some extend using existing mechanisms, potentially with some minor modifications. 

Therefore it is proposed to include the solutions above along with the analysis of their pros and cons in the TR and to continue with the pain vs. gain considerations to decide whether the added benefit of more complex solutions justifies the standardization impact.
Proposal 1: it is proposed that RAN3 discusses and agrees on how the proceedings of energy saving study item shall be documented.
Proposal 2: RAN3 should consider standardizing intra-LTE probing to enable QoS estimation before cell activation.

Proposal 3: it is proposed that RAN3 discusses the proactive solutions 4 to 6 for the scenario 2.

Proposal 1: RAN3 should consider proactive approaches for QoS support during switch-off.
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