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1
Introduction
At RAN3#71 the potential ES gain is TBD for E-UTRAN. This document discusses some further issues with the proposed enhancements. 

2
Discussion
2.1 UE Measurements
In this proposed enhancement, the cell providing coverage requests a dormant cell to enter an intermediate probing state where UEs are able to perform measurements on the cell. 
An extra message to trigger the intermediate probing state is not required because this information may be received using the existing release-9 functionality. Consider a cell in dormant mode that activates the probing state when it receives the cell activation request and responds with the cell activation response message. The cell remains in the probing state for a configurable time or until a handover request message is received from the cell providing coverage. If the timer expires, the cell enters dormant mode and in the other case the cell understands that it is considered useful and enters normal operation mode.
Conclusion: The enhancement may be implemented using the existing release-9 functionality
Further, the proposed enhancement does use a new message over X2 though and if this strategy is used a time delay is introduced which may increase the energy consumption as described in section 3.
Proposal: Set the potential ES gain to low since the same performance may be achieved using the release-9 solution but the extra time delay negatively impacts the energy consumption.
2.2 IoT Measurements
Consider a shared network scenario where the coverage providing cell supports PLMN A and B but the dormant cell belong to PLMN A. The dormant cells cannot differentiate between UEs belonging to PLMN A and PLMN B.
Conclusion: Shared networks are not supported.
The proposed enhancement focuses on listening to UL signaling. A necessary requirement for this enhancement to provide any benefit is that there is a strong correlation between UL signaling and the overload problem in the coverage cell.
Conclusion: The proposed enhancement provides benefit only if the overload situation in the coverage providing cell is strongly correlated to the UL load. If not, unreliable information is received.
The accuracy of this enhancement is limited and extra time is required to retrieve the data which increases the energy consumption in the network as described in section 3.

Proposal: Classify the Potential ES gain for this enhancement as low and add that multi-PLMN networks are not supported.
2.3 Switching on based on positioning

This solution introduces a delay and may trigger positioning information requests from the UEs earlier than in the currently available release-9 solution. However, this enhancement does not require the dormant cells to enter a more energy consuming state if this trigger is incorrect. 

Proposal: Keep the Potential ES gain as medium
2.4 Switching on based on predefined low-load period
This solution has potential to save energy since it forces some eNBs to be switched off even though it would be beneficial from a QoS point of view not to do this. When considering the case where no QoS impact is allowed, which is the scope of the study item, better performance is achieved by the baseline rel-9 algorithm combined with statistical information.

Proposal: Classify the Potential ES gain as medium for the Baseline rel-9 solution.
2.5 Scenario 2

The scenarios require that a neighboring cell follows a request to switch off. The X2 interface is a peer to peer and this solution breaks this principle.
Conclusion: The signaling based solution is not feasible.
Proposal: Classify the signaling based solution as not feasible
3 Time delay
A common property for several proposed enhanced wake up solutions is that more time is required until the coverage cell sends a wake up request. The sequence is: 

1. Request measurements from cells (trigger probing mode or start listening to UEs).

2. Process information and select target cell to wake up

3. Request wake up of a cell
Figure 1 below shows how the increased time to decision requires a lower threshold until the energy saving algorithm in the coverage providing cell is triggered.
The notation used is:

Tq: Threshold when the coverage providing cell needs activation of dormant cells in order to guarantee QoS. If this state is reached, no benefit has been achieved with the enhanced algorithms. 
Te: Threshold when the enhanced algorithm recognizes that the cell may be overloaded and starts to request information.

Δt: Time to collect information for the decision for the proposed enhanced algorithms.

ΔLoad = Tq-Te 
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Figure 1: Increased load margin because of increased time to decision
The optimal performance of the enhanced algorithm is achieved when: 
1. The load exceeds threshold Te but does not reach the load Tq until the requested information required by the enhanced algorithms has been received. 

2. The cell load in the coverage providing cell passes threshold Tq shortly after the information required has been collected. The reason for a short time requirement is that UEs may be moving and typically changes between idle and connected mode causing the information to be old (unreliable). 
3. The cell selected to wake up will offload the cell providing coverage below the threshold Te.
Observation: Tq shall be sufficiently larger than Te in order to avoid passing the threshold Tq before data required for the enhanced algorithm is available.
A scenario very similar to the optimal scenario is when the cell load in the coverage providing cell does not exceed the threshold Tq after requesting the additional information. This is avoided by setting the value Te close to Tq.
Observation: The difference Tq-Te needs to be small 
Conclusion: The requirements that Tq shall be sufficiently larger than Te and that the difference Tq-Te shall be small are contradicting. 
When data is requested by the coverage providing cell, the amount of energy required is:
E = 
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Where the notation is:

E: Energy used to collect data

N: Number of dormant cells
Pactive: Power used by cell in active mode

Pdormant: Power used in dormant mode
T0: Time when cells are requested to enter data collection state
T: Time when cells report the measured data and re-enters dormant mode (T>T0)
(Note: The model is simplified by assuming that all cells are identical. In reality the problem becomes larger because the time to decision depends on the largest response time)
At RAN3#71, the argument for the classification of the energy consumption was that even though no significant difference between the algorithms could be shown, there were no negative effects with any of the proposed enhancements. The extra energy consumption presented above can not be neglected. 
Conclusion: Enhancements introducing time delays will impact the energy consumption negatively.
4
Summary and Proposal

We kindly ask RAN3 to agree on the following proposals which are implemented in [2]
Proposal: UE measurement enhancement 
- Potential ES gain: Low: Energy is consumed during the probing state and this state is likely to be incorrectly triggered because of time delay.

Proposal: IoT enhancement
- Potential ES gain: Low; Energy is consumed during the intermediate listening state and this state is likely to be incorrectly triggered. High load in the cell has to be correlated to UL load which is not always the case.

- Potential ES gain: Not applicable in multi PLMN networks
Proposal: Baseline rel-9 solution

- Potential ES gain: Medium
Proposal: Signaling based solution for Solution 2 
- Feasibility: Not feasible

Further, the time delay is a problem in the inter-RAT scenario. This aspect has not been taken into account.
Proposal: Take the time delay into account and update the potential ES gain for inter-RAT ES to medium.
Proposal: Add the following conclusion in 5.1.4

No use case has been identified since a solution to the problem that UEs not supporting the legacy network used by the operator may enter the network. When comparing the proposed solutions, no significant benefit has been identified for the proposed enhancements compared to the no-assistance solution. 
Proposal: Add the following conclusion in 6.1.4

No significant benefit has been identified by the proposed enhancements compared to the existing release-9 solution. 
Proposal: Add the following conclusion in 6.2.4

The proposed enhancement is not feasible.
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