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1 Introduction and motivation
In [1], it is claimed that the UE measurement solution (a.k.a. probing solution or probing mechanism) “can be implemented more efficiently” without modifications to the standards. It is also claimed that a standardised probing mechanism “requires a longer time until the cell starts offloading traffic”. The proponents of [1] assert that this results in a “likely increase in energy consumption as well as lost revenue for the operator, due to the cell not accepting UEs while in probing state”.

In this contribution, we analyse the claims in [1], disprove them, and demonstrate that minor additional standardisation for the UE measurements solution is necessary. Further justification is also provided in numerous documents referred to in [2].
Although the discussion in this contribution is based upon the inter-eNB scenario, the same principles also apply to the inter-RAT scenario.

Terminology
For clarity, the following terminology is used in this contribution:

The basic Release 9 UE measurement solution (in which traffic is offloaded from the coverage cell to hotspots as soon as they are activated) is referred to as Basic Rel. 9 Solution.

The enhanced Release 9 UE measurement solution (in which handovers to hotspots are withheld by the coverage cell until a decision is made as to which hotspot should remain activated) is referred to as Enhanced Rel. 9 Solution.

The UE measurement solution proposed in [2] and [3] needing minor additional standardisation is referred to as Additional Standardisation Solution.
It is unclear whether the solution proposed in [1] is the Basic Rel. 9 Solution or the Enhanced Rel. 9 Solution because arguments made in [1] apply to either of these solutions depending on the issue being discussed, for e.g. Section 3.1 in [1] appears to refer to the Enhanced Rel. 9 Solution whereas Section 4.2 in [1], which claims that traffic is offloaded immediately after cell activation, has both elements of the Basic Rel. 9 Solution and the Enhanced Rel. 9 Solution. For a fair comparison it is necessary to distinguish carefully between the solutions being discussed.
Benefit of Additional Standardisation Solution
The benefits have been shown in numerous contributions referred to in [2]:
· the Additional Standardisation Solution enables accurate decisions to be taken with respect to which hotspots to activate in energy saving solutions.

· there is negligible operational impact on the network with only minor specification work needed. 
The Basic Rel. 9 Solution and Enhanced Rel. 9 Solution both have disadvantages compared to the Additional Standardisation Solution: 
· in the Basic Rel. 9 Solution there is more energy consumption and unnecessary handovers/signalling to hotspots from the coverage cell and other neighbouring cells. Additionally, new traffic is unnecessarily accepted by hotspots that are activated only temporarily (during the so called “probing period”).
· in the Enhanced Rel. 9 Solution (proposed in Section 3.1 of [1]) new traffic is unnecessarily accepted by hotspots that are activated only temporarily (during the so called “probing period”). Additionally, there is a major limitation in functionality: the coverage cell cannot request hotspots to immediately accept all traffic (see Section 3.3 below).
In this response document the above benefits of the Additional Standardisation Solution over the Basic Rel. 9 Solution and Enhanced Rel. 9 Solution are justified.
2 State transitions
In reference to the Additional Standardisation Solution, it is claimed in [1] that “a cell in probing state may, based on locally available information, decide to enter active mode”. However, the reason or use case for such a requirement is unclear and not justified. 
It is unlikely that the probing cell will need to autonomously activate or enter dormant mode during the probing period, which lasts for only a short time (around two minutes) to enable the coverage cell to collect enough UE measurement reports.
However, even if such a requirement can be justified, then we believe that a newly defined “Probing stop notification” message, as assumed in [1], is not needed. Instead, the already standardised eNB Configuration Update message may be used as follows:
· A probing hotspot that decides to activate autonomously during the probing period sends eNB Configuration Update messages to all its neighbours, including the coverage cell which requested it to start probing. All neighbour cells (including the coverage cell) subsequently forward any handover requests to the fully-activated hotspot cell which becomes available for traffic.

· A probing hotspot that decides to go to dormant mode autonomously during the probing period can send eNB Configuration Update messages to all its neighbours including the coverage cell which requested it to go into probing. 
· A probing hotspot that does not decide to activate autonomously during the probing period, and is not chosen for full cell activation by the coverage cell at the end of the probing period, will subsequently go into dormant mode autonomously. However, it does not need to inform the requesting coverage cell or other neighbouring cells about this because:

i. The requesting coverage cell knows how long the hotspot probes for, and

ii. From the perspective of other neighbouring cells the hotspot is not available (because no eNB Configuration Update message was sent when the hotspot entered into probing).
· A probing hotspot that does not decide to activate autonomously during the probing period, but is chosen for full cell activation by the coverage cell at the end of the probing period (via a Cell Activation Request Message), sends a Cell Activation Response message back to the coverage cell and eNB Configuration Update messages to all its neighbours. The coverage cell is made aware of the hotspot cell’s activation via an already standardised Cell Activation Response message.
For the Basic Rel. 9 Solution and Enhanced Rel. 9 Solution cases, similar reasoning applies: when a hotspot is requested to ‘probe’, it becomes fully activated and sends eNB Configuration Update messages to all its neighbours (except the coverage cell to which it sends a Cell Activation Response message). If the hotspot decides to go to dormant mode during the probing period, it must similarly send eNB Configuration Update messages to all its neighbours.
Observation: There is no clear reason or use case for a hotspot to autonomously activate or enter dormant mode during the probing period. 
Observation: Even if such a reason exists, there is no specification impact in the Additional Standardisation Solution because existing eNB Configuration Update messages can be used to inform neighbours.

3 Comparisons of Additional Standardisation Solution with Release 9 Solutions
3.1 Comparison with Basic Rel. 9 Solution
In Section 4.3 of [1], there is a very misleading argument that “increased time” is needed to offload the coverage cell in the Additional Standardisation Solution. This is true in comparison with the Basic Rel. 9 Solution (in which traffic is offloaded to the hotspot as soon as it becomes active, at the expense of a higher energy consumption) but not true in comparison with the Enhanced Rel. 9 Solution (in which the coverage cell withholds handovers to hotspots (i.e., offloading) until it has made a decision as to which hotspot(s) should remain activated).
The Basic Rel. 9 Solution results in a higher overall energy consumption in the network because suboptimal hotspot(s) remain activated unnecessarily. To explain this further, consider the scenario shown in Figure 1 with all three hotspots in dormant mode for energy saving purposes and the coverage cell needing to offload a load ∆L to one or more of the hotspots due to an experienced load increase. If Hotspots A to C are all fully activated, then they will start attracting on-going traffic from the coverage cell (as targeted for off-loading purposes) and also fresh traffic and traffic from other neighbours. Whether or not a hotspot remains active or switches back to dormant mode is then left up to the regular ‘switch-off algorithm’, including the effects of the associated hysteresis in time and load. This approach invariably leads to suboptimal choices in terms of which hotspots are effectively activated for the specific and targeted purpose of relieving the coverage cell of its overload. Compared to the Additional Standardisation Solution, these suboptimal choices effectuate a lower energy savings benefit. In essence, if Hotspot A attracts load ∆L to offload the coverage cell, it is still possible that the other Hotspots B and C will also attract load and remain fully activated unnecessarily. Probing solves this problem by providing information about actual load in areas near hotspots and allowing an accurate decision to be made for cell activation. This has been justified in previous contributions referred to in [b].
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Figure 1: Scenario with coverage cell and hotspots

Another major disadvantage of the Basic Rel. 9 Solution is that hotspots might also attract traffic from other neighbouring cells and accept requests from UEs for new sessions. This causes unnecessary additional signalling (e.g. handovers).
Figure 5 of [1] compares the message sequence and offloading time for the Additional Standardisation Solution with that certain elements of the Basic Rel. 9 Solution. Because these solutions do not have similar energy saving performance, this is an unfair comparison. It is more reasonable to make a comparison with the Enhanced Rel. 9 Solution.
Conclusion: The Additional Standardisation Solution provides superior energy saving benefit compared to the Basic Rel. 9 Solution (in which there is also unnecessary additional signalling).   

Conclusion: It is more reasonable to compare the Additional Standardisation Solution with the Enhanced  Rel. 9 Solution.
3.2 Comparison with Enhanced Rel. 9 Solution
Section 3.1 of [1] appears to propose an Enhanced Rel. 9 Solution. The essence of this solution is as follows: 

· A coverage cell experiencing increasing load sends Cell Activation Request messages to hotspots. 

· The hotspots fully activate themselves and send back Cell Activation Response messages immediately. 

· The coverage cell receives measurement reports from UEs wishing to connect to the hotspots, but delays sending handover requests to the hotspots until it has gathered a sufficient information to make a decision as to which hotspot(s) should remain activated.

· When the coverage cell has made a decision, it forwards handover requests to the chosen hotspot(s).

· The chosen hotspot(s) accept the handovers and inform other neighbour cells of their active state via eNB Configuration Update messages.

· Other hotspot(s), not chosen to remain fully activated, go back to dormant mode and send a deactivation notification messages to its neighbours.
It is unclear whether it is a reasonable assumption that eNB Configuration Update messages can be delayed after the cell has activated itself because this does not appear to align with the Cell Activation Request/Response procedure in TS 36.423 [4]. 
Proposal 1: Verify whether it is reasonable to assume that eNB Configuration Update messages can be delayed after a cell has activated itself.

In view of the above and the justification in Section 2 that a probing stop notification message is not needed, we present a more realistic message sequence in Figure 2 as a replacement for Figure 5 in [1]. The notation used is also shown in Figure 2. For the sake of analysis, the Enhanced Released 9 Solution as described above is assumed and its relevance is subject to the outcome of Proposal 1.
Several observations are made from Figure 2:
· since the hotspots are fully activated while the coverage cell gathers UE measurement reports in the Enhanced Rel. 9 solution:

· this does not avoid new active sessions being established in the hotspot eNB(s) during the probing period. If the hotspot is not chosen to remain active, then the traffic it accepted needs to be transferred to surrounding neighbour cells
· the time taken for the chosen hotspot
 to offload the coverage eNB is as follows:
Tenhanced-rel-9 = Ta1 + Tp
Tprobe = Ta1 + Tp
because for a decision with the same accuracy, a similar time period is needed to collect UE measurement reports in both cases (Tp). Therefore, it is proven that there is a similar delay to offload the coverage cell for both cases, i.e. Tenhanced-rel-9 = Tprobe.
· it is also worth considering the time taken for other hotspot eNBs
 to go to dormant mode after they have been activated (Enhanced Rel. 9 Solution) or gone into probing (Additional Standardisation Solution):

Tenhanced-rel-9 = Tp + ∆
Tprobe = Tp
Therefore, Tenhanced-rel-9 − Tprobe = ∆, where ∆ is the time taken for traffic unnecessarily attracted to the hotspots (in Enhanced Rel. 9 Solution) to be handed over elsewhere before those hotspots can go to dormant mode.
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Figure 2: The upper sequence applies to the Enhanced Rel. 9 Solution and the lower corresponding sequence applies to the Additional Standardisation Solution.  N.B. “Cell deactivation notification” is actually sent using a eNB Configuration Update message (see TS36.300)
Conclusion: For both the Enhanced Rel. 9 Solution and the Additional Standardisation Solution, there is no difference in the time needed to offload traffic to a useful (chosen) hotspot.
Conclusion: In the Enhanced Rel. 9 Solution, traffic unnecessarily accepted by a hotspot via new sessions needs to be transferred elsewhere if the hotspot is not found to be useful.
3.3 Other concerns about the Enhanced Release 9 Solution
Coverage cell cannot request Enhanced Release 9 hotspot to accept all traffic immediately
In the Enhanced Release 9 Solution it is not possible for a coverage cell to instruct a dormant ‘probing-enabled’ hotspot to fully activate and immediately accept all traffic. The probing-enabled hotspot must wait for a handover request from the coverage cell until it accepts traffic from other neighbours. In comparison, the Additional Standardisation Solution has clear messaging that enables a coverage cell to request hotspots to either activate fully and accept all traffic immediately or perform probing.
Conclusion: The Enhanced Rel. 9 Solution provides inflexible functionality.

4 Specification impact of Additional Standardisation Solution
In Section 4.1.1 of [1] it is argued that adding a new IE with Criticality Reject in the Cell Activation Request message is not 3GPP-compliant. Although the line of reasoning in [1] is very unclear, we assert that even if there is a compliancy issue with the usage of Criticality Reject, there are other compliant options for using a new IE as signaling mechanism for the Additional Standardisation Solution. It should be noted that in previous discussions [2], the use of Criticality Reject was merely suggested as one of a number of different possibilities. 

More importantly,  it is obvious that setting criticality to Ignore, or Ignore-and-Notify would lead to an equally valid solution. Which criticality level to use is an open issue for a subsequent stage 2 or stage 3 specification phase. Note that criticality levels Ignore and Ignore-and-Notify have the advantage that the legacy hotspot cell will still be activated, while the levels Ignore-and-Notify has the advantage that the coverage cell is informed that the hotspot did not understand the new IE. 

It is also possible to add a new Class 1 message instead [2],[3].
Conclusion: UE measurements can be done in a 3GPP compliant way by adding a new IE in the cell activation request message. Which criticality level should be used is FFS and can be decided in stage 2 or stage 3.
5 Response to other concerns in [1]
Number of UEs as a measure for identifying optimal hotspot(s) (Section 5.1 in [1])

Issue: [1] states that it is “unclear why the number of UEs is an appropriate measure to base handover on”. 
Response: It should be noted that the number of UE measurement reports received by the coverage cell is not the only measure that may be used; UE-specific session information (e.g. the throughput and consumed data) may be also be used to identify exactly which UEs consume the most load and where they are. This ensures accurate decisions on the most optimal hotspot(s) that serve the load.

Issue: Furthermore in [1] it is also claimed that estimates of the number of UEs are not accurate, because, for e.g. UEs might send multiple UE measurement reports to the coverage cell during the probing period. 
Response: Even if multiple measurement reports are sent by a UE during the probing period, duplicates can easily be discarded by the coverage cell in the decision making process.
“Increased overall power consumption in the network” (Section 5.2 in [1])
Issue: It is stated in [1] that the “probing mechanism may increase total power consumption in the network because the potential decrease in energy used in macro when offloading is not taken into account.”. 
Response: It is true that the UEs do not get offloaded from the coverage cell to hotspots during the probing period. However, the impact on energy saving is minimal because the probing period is for a short time and leads to more optimal hotspots being selected for longer-term activation, which, in turn yields reduced overall power consumption in the network. 

Furthermore, the UE measurements solution is most useful in the situation where the macro (i.e., coverage cell) is operating at full capacity and has no choice other than to offload; the issue raised above does not apply.
“Lost revenue for operator” (Conclusion of [1])
Issue: It is claimed in the conclusion of [1] that there will be lost revenue for the operator “due to the cell not accepting UEs while in probing state”. 
Response: This is untrue because the UEs will continue to be served by the coverage eNB throughout the probing period and there is no consequence for the operator’s revenue. 
Conclusion: Information gathered and available during the probing period makes it possible for accurate selection of hotspots for cell activation.

Conclusion: Although during the short probing period UEs do not connect to the best cell, the optimal selection of hotspots (enabled by probing) results in reduced overall power consumption in the network.
Conclusion: There is no consequence to the operator’s revenue during the probing period.
6 Conclusion
The benefits of standardising the UE measurements solution have been clearly justified in this response document and in several contributions to-date. It is recommended to proceed further with standardisation as per the recommendations in R3-121215.
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� The chosen hotspot referred to is hotspot eNB1 in Figure 2. i.e., in the case of the Enhanced Rel. 9 Solution, it is the hotspot selected to remain fully activated, while in the case of the Additional Standardisation Solution, it is the hotspot selected for full activation at the end of the probing period.


� This refers to hotspots such as eNB2 in Figure 2.
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