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1 Introduction
At RAN3#75bis, the UE measurement method was discussed [1]. The discussion resulted in the following two questions:

1) Do we want to standardize the probing mechanism for inter.RAT ES?

2) What is that we want to standardize?

a. Signaling of Tprobe ?

b. Signaling of probing flag ?
We are not convinced that the UE measurement method is beneficial, but in this paper we show how the UE measurement mechanism may be implemented using the functionality available in release-9 (same principles applies for IRAT baseline solution). 
In addition to this, we provide the alternative solution for how the probing solution could be implemented by extrapolating the previously proposed solutions of using for example a probing indicator and probing timer over X2. The intention here is not provide a full solution but rather illustrate the full solution and analyse the impact of such a solution.
2  Background
In [1], the benefits of including a probing indicator and a probing timer into the specifications are discussed. The main benefits of the probing method is claimed to be that no UEs are moved to the capacity cell until the coverage eNB has detected that a significant number of UEs have detected it. 
Figure 1 shows this claimed problem where UEs are moved to the capacity cell before the coverage cell eNB has detected that a significant number of UEs have detected it
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Figure 1. Cell activation assuming basic Release 9 signalling framework. N.B. additional messages with respect to the standardised case are shown in red [1].
3 Discussion

3.1 The need for specifying a probing state

It should be noted that in addition to the signalling marked as unnecessary (red) in Figure 1, there is also a risk that the neighbour of eNB2 will start moving a few UEs to the hot spot eNB2, which then may also be required to be handed back when eNB2 is switched off.
This seems to be the biggest motivation for introducing the probing solution: to allow an eNB to switch on without carrying any traffic and more specifically not attracting traffic from neighbour cells (other than the cell requesting the switch on). This would enable measurements on this cell while still not creating too much unnecessary signalling and data forwarding in case the cell would be switched off shortly after.
In RAN3 we standardise the interfaces and not the internal behaviour of the node. The UE measurement method relies on that the neighbouring nodes act depending on knowledge of the internal state of a neighbouring node. This is in our opinion not a robust design and shall be avoided if possible since the error cases become difficult to handle with a large risk for interoperability problems. One example is the reset procedure which reinitialises the interface but not the internal states of a node.
So, instead of defining a specific state, where we would explicitly specify which hardware is enabled or disabled, we prefer to describe this from an interface point of view. We believe that a possible solution of introducing a similar behaviour is to simply allow for a delay between the activation request and the activation notification to other neighbour cells. This could be realised as follows:

· The capacity booster eNB receives the activation request and starts transiting to an active state.

· When the capacity booster eNB is operational, it sends the cell activation response

· Depending on if the eNB receives an incoming handover request during a certain time (probing time) the following happens:

· If no handover request is received, the eNB transits back to dormant mode and send a deactivation notification to the eNB that requested the activation.

· If the eNB receives an incoming handover request, the eNB accepts this incoming handover and sends an activation notification to all neighbours.
· And in the event of multiple parallel activation requests, the eNB that receives a parallel activation request, may reset the timer and wait with sending the deactivation request to all neighbours that had requested the activation until the time expires. 
3.2 The need for a coherent probing time
It is further suggested in [1] that the main benefit of specifying a coherent probing time is that further unnecessary signalling can be reduced. This is shown in Figure 2 [1].
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Figure 2. Cell activation assuming basic Release 9 signalling framework with a proprietary probing state and no additional standardisation. Note additional messages with respect to the standardised case are shown in red [1].
It is discussed in [1] that the difference in probing time will either cause additional signalling, if a cell requires multiple activations to be switched on during the desired probing time (the time the coverage cell would like to analyse the situation before deciding which neighbours to activate), or that a cell may be unnecessarily switched on too long if the probing time configured in the capacity booster is longer than desired from the coverage cell. 
We do not think that this additional signalling is a problem. Assume for the sake of argument that a cell has a probing time of 10 seconds but the required probing time is one minute [2]. This results in 3*(60-10)/10 = 15 extra messages. Considering that X2 CP signalling and user data is sent on shared resources the cell in active mode will according to our understanding generate even more load if for instance data forwarding is supported. If the load is a problem when the cell is in dormant mode, a larger load once the cell is activated should be an even bigger problem
Further, a smart implementation may also have a mechanism adapting its internal probing state timer if a cell activation request is received immediately after the cell has entered dormant mode and the internal timer expires. 
Observation: The impact of unnecessary activation messages is insignificant.
4 A solution using explicit probing state

4.1 The usage of a probing indicator over X2
It has been suggested in [1] that a probing indicator is beneficial. When looking closer at the suggested proposal [1] to include the probing flag, we note that there seems to be no intention to use a flag to control whether the receiving eNB should use probing or not. Or at least, there has not been any scenario showing the benefit of sometimes using probing and sometimes not. 
Instead, the usage is instead suggested to be used to check the availability of this feature in the recipient. In a similar way, there has not been any suggestion of dynamically modifying the probing time. 

It should be possible to solve this e.g. by configuration; in any case, there are two mechanisms proposed  implementing the probing solution [1] in a backwards compatible way.
A. Add a new IE with criticality reject to the cell activation request message
B. Add a new class 1 message

(There are also variants of A and B where a probing flag is signalled but the discussion here applies for these proposals as well.)

In the following sub sections, we briefly analyse the impact of these two different suggested solutions.

4.1.1 Add a new IE

In alternative A our understanding is that the intention is that the receiving node does not understand the new IE with criticality set to ‘reject’ triggering the error indication procedure. Our interpretation of the standard is that the cell activation failure message is sent since the trigger is an abstract syntax error. 

According to [3] section 10.3.1 the receiving entity “receives IEs or IE groups that cannot be understood (unknown IE ID);”. This case (not comprehended IE/IE group) is handled based on received Criticality information ([3] section 10.3.1). The receiver shall act in accordance with sub clause 10.3.4 in [3] or more specifically 10.3.4.2 since the IE is other than the Procedure Code and Type of Message. The cell activation procedure includes a message normally used to report unsuccessful outcome of the procedure hence the following applies:

“If a message initiating a procedure is received containing one or more IEs/IE group marked with “Reject IE” which the receiving node does not comprehend; none of the functional requests of the message shall be executed. The receiving node shall reject the procedure and report the rejection of one or more IEs/IE group using the message normally used to report unsuccessful outcome of the procedure. In case the information received in the initiating message was insufficient to determine a value for all IEs that are required to be present in the message used to report the unsuccessful outcome of the procedure, the receiving node shall instead terminate the procedure and initiate the Error Indication procedure.”
Therefore, the proposal of adding a new IE with criticality reject to the cell activation request message, needs to be explained further since the cell activation failure message is used in a 3GPP compliant node and this solution does not seem feasible.

Observation: Adding a new IE with criticality reject in the cell activation request message is not 3GPP compliant hence not a possible way forward.

4.1.2 Add a new message
In Alternative B, adding a new class 1 message, given that the criticality for the initiating message is set to ‘reject’ a non-supporting node will respond with an error indication.
Note that the usage of this message would be very similar to the existing activation request/response message, since we would also require a response message in order to avoid interoperability problems when different cell requires different times to change from dormant to “probing” state.
Observation: Adding a new message similar to the activation request/response message would be a 3GPP compliant solution.
4.2 State transitions

A cell in probing state may, based on locally available information, decide to enter active mode. When introducing a probing state in the standard the hotspots need a mechanism to inform the coverage providing cell that the probing state ended. Without this mechanism the peer to peer architecture is violated since the coverage eNB prohibits the capacity booster cell to enter active mode.

Question A: How is the information that the node has left the probing state and entered dormant or active mode signalled?

Question B: Is it necessary to have a standardised mechanism in order to inform neighbouring nodes about a cell being in its probing state?

Question C: What happens if a second probing request message is received when another probing request is already ongoing? 

One possible response to Question A-C is that an additional message is used to carry the information that the cell has left the probing state using the eNB Configuration Update message or alternatively a new procedure. It seems sufficient to inform the cells that have requested probing when probing ends and not all neighbouring cells but in order to allow reduced complexity in the hotspot eNB the standard should not prohibit a node to send the message to all neighbours.

Conclusion: A message indicating that the probing has stopped is necessary. This message is the Probing Stop Indication in this document.

Proposal 2: Discuss the UE measurement method when a class one message is used to request probing and to acknowledge that probing has started and that a third message is used to carry the information that the probing has stopped.
The sequences between the Coverage eNB and Hotspot eNB when the decision to enter active mode is taken is shown in Figure 3 below. The notation and colour coding used is shown in Figure 2.
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Figure 1: Notation and colour coding used in the sequences.
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Figure 3: The sequence on the left shows how a probing mechanism may be implemented using the existing release 9 solution when the coverage eNB decides to request wake up of the dormant cell. The sequence on the right shows the signaling if the new probing functionality (alternative three) is added to the standard.
When the Coverage eNB detects that there is not sufficient interest in order to wake-up the hotspot eNB the sequences become as in Figure 4.
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Figure 4: The sequence on the left shows how a probing mechanism may be implemented using the existing release 9 solution when the coverage eNB decides not to wake up of the dormant cell. The sequence on the right shows the signaling if the new probing functionality is added to the standard.
4.3 Increased time until the Hotspot eNB is able to offload the coverage providing cell

A concern raised in [4] is the increased time it takes for a node to become activated. The description in [4] is generic and here a comparison between UE measurement method in release-9 is provided. The upper sequence in Figure 5 shows how the corresponding sequence is implemented using the existing release-9 solution and the lower sequence when additional probing is introduced.
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Figure 5: The upper sequence shows the probing mechanism implemented using release-9 and the lower the corresponding sequence with additional standardization.
Figure 5 also illustrates the time it takes to for the Hotspot eNB to offload the Coverage eNB from the event that Probing request or Cell activation request is received by the Hotspot eNB. 

Trel-9 = Ta1
Tprobe = Ta1 + Tp + ∆T + Ta3 
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Note 1: Assuming that the time ∆T is small compared to Ta1 and/or Tp and it is valid to neglect this time (approximate to 0). ∆T includes the time for the signaling and that different time is required for Hotspot eNB1 and Hotspot eNB2 to enter probing state and time to activation will be dependent on the time it takes for the slowest cell to enter probing state.

An optimization is possible because a Hotspot eNB may stay in a state for a configurable time keeping the cell active if a Cell activation request would be received. This requires an internal timer in the Hotspot eNB, otherwise Ta3 is assumed to be approximately equal to Ta1. Using this assumption (1) becomes (2).
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However, according to [5] the supporting companies claim that:

“Observation 2: When both coverage eNB and hotspot eNB support “UE measurements” function, the “probing timer” needs to be carefully configured by, e.g. OAM, so that “UE measurement” ES solution can work properly in multi-vendor scenarios. From an operator point of view this configuration would be burdensome and impractical.”

Because of this observation our understanding is that when the Hotspot eNB has sent the Probing Stop indication it enters dormant mode immediately since the configuration would be burdensome and impractical from an operator point of view according to the companies supporting [5]. This means that the Hotspot needs to be reactivated from dormant state taking the time Ta1. This requirement is introduced in (1) by the relation Ta1 = Ta3 and the result is shown in (3).
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One of the remaining unknowns is Tp. According to the companies supporting [2] the probing mechanism Tp is in the 1-2 minutes range. 

The reason for this amount of time to be required follows from the following comments mentioned earlier in this paper.

[1]: “It should be noted that during the probing interval, the hotspot cell only transmits SCH/BCH/RS signals and does not accept any traffic.”
Conclusion: The standardized probing mechanism requires a longer time until the cell starts offloading compared to what is achieved using rel-9. The problem with a long time before the hotspot can receive any load from the coverage providing cell is explained in section 3 in [4]. 

Conclusion: The probing mechanism is not unlikely to increase the energy consumption in the network because of the longer time required before the coverage providing cell can start offload UEs to the hotspot.
5 General concerns with the UE measurement method

5.1 Inaccurate estimates of the number of UEs 
The scenario presented showing the benefits with the UE measurement method is when there is few but more than zero UEs close to one hotspot and several UEs close to another hotspot. A question is how accurate estimates of the UEs is obtained. The probing time is in the range of minutes [2] but UEs in the network are often connected for a short time before they go back to idle mode. In order to make an accurate estimate of the number of UEs the following assumptions have to be valid but we question that they are:

1. UEs don’t enter RRC connected mode more than once during the probing time since this will overestimate the number of UEs (the coverage providing cell does not know if it is the same UE or another UE)

2. A counted UE stays in RRC connected mode a significant amount of time when a cell has entered active state otherwise there is the risk that a UE was present during the probing time but will not have any use of the hotspot just activated. Alternatively a statistical approach mimicking this behaviour needs to be present in the network.
3. The UEs that the macro cell classifies to be close to the hotspot do not move out of coverage. If the UEs have moved and the cell is activated there are a different amount of connected UEs present (random events, such that a bus passes a hotspot and then leaves, completely change the decisions in the network).

Further, it is also unclear why the number of UEs is an appropriate measure to base the handover on. Ten UEs consuming close to zero load in the macro are not as expensive as one UE downloading data in bad radio conditions. If the radio conditions for the UE close to the hotpot are improved by activating the cell this may provide a larger benefit than activating the hotspot with the ten UEs close. Also note that the probability of having UEs consuming low load depends on the time the network uses before a UE is released due to user inactivity. The optimal value depends on network configuration and operator requirements hence the UE measurement method becomes one more factor when deciding the timer value if deployed in the network. 
5.2 Increased overall power consumption in the network
So far no significant energy saving benefit has been shown for the UE measurement method. However, there are indications that the probing mechanism may increase the total power consumption in the network because the potential decrease in energy used in macro when offloading is not taken into account. The hotspot in probing state consumes a similar amount of energy as a hotspot using the solution presented in section 3.1 and does not provide any benefit to the macro while in the probing state.
3 Conclusion
Our conclusion is that the UE measurement method can be implemented more efficiently without the discussed modifications of the standard. A standardized probing mechanism as we understand it requires a longer time until the cell starts offloading traffic. This will result 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.
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