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1
Introduction
Enhancements to the X2 removal functionality have been discussed at length for the past few meetings; at the last meeting in particular we expressed our reservations on the proposed enhancements: [7] 

“Gino Masini (Ericsson): Ericsson believes that this functionality does not bring any benefit.”
No further information on why the functionality would be beneficial has been submitted to this meeting, and the procedural text in the submitted documents does not help us undertand any better why this would work. In particular, [4] also contains the following proposal:

Proposal 1:
The X2 Benefit Level IE should be renamed as X2 Removal Threshold IE. X2 Removal is successful if the X2 Benefit Value of the signaling connection calculated by the candidate eNB2 is lower than the received value of the X2 Removal Threshold IE.

This proposal changes the rationale previously used by the proponents of the enhanced functionality (e.g. in [2]). We do understand this shift in position, since it is difficult for eNB1 to achieve a sufficiently reliable estimate to be compared with the estimated benefit in eNB2. This confirms one of the objections we have raised (see Conclusion 2). However, changing the word “benefit” to “threshold” does not solve the problem.In order to further clarify our position and the problems we see with the proposed enchancement, we analyze the concept of  “benefit” for a X2 interface based on the paper [2] and explain why the proposal in [4,5,6] is expected to have negative impact on the network.
2
Discussion
2.1 Definition of benefit value
According to [2] section 2.2: From [2] section 2.1:
“Today, “the benefit” provided by a certain X2 interface is “estimated” by the operator staff”.

From [2] section 2.1:

“Observation 2: The benefit value of both eNBs might be different and need to be taken into account individually”

The information above may seem contradicting at first, but our understanding is that the benefit value corresponds to the benefit the network has of the X2 link at a time t, and the benefit value for an X2 interface is independent of which node calculates the estimate. Different nodes will, as always when dealing with parameter estimates, provide estimates that differ from the true value. This error depends on which information is available and on the accuracy of the information available for the parameter estimation. Further, we would also need to define if a large value corresponds to a larger benefit than a smaller value or the opposite. This does not matter and as indicated in all the papers we chose that a larger value corresponds to larger benefit.
Definition of benefit value:

The Benefit value Vn(t) is the network benefit of X2 interface n at the time t where Vk (t) –Vl(t) > 0 means that X2 interface k has a larger benefit than interface l at time t.
2.2
Algorithms using the benefit value

Let Vn (t)= fk(Ak,n, t) where 
· fk is an implementation specific algorithm in eNBk  
· Ak,n the information available in the eNBk used to estimate the value of interface n. 
Let gkbe a function transforming the output from fk(Ak,n, t) to the value to be transferred over the X2 interface. The function gk has the property gk(y) ≥ gk(x) for y>x.
Implementing a implementation specific X2 selection algorithm in an eNB is straightforward.
Algorithm A 

A1. First eNB1 estimates the value for the X2 interfaces it is connected to as Vn (t)= f1(A1,n, t). Since a smaller Vn  means lower benefit selecting the n= nmin which minimizes Vn(t) corresponds to selecting the X2 interface with the lowest benefit for removal according to the estimates in eNB1. 
A2. eNB1 performs graceful shutdown over SCTP corresponding over the SCTP Association corresponding to nmin.
There is of course an error associated with this selection since the function f1 provides an estimate of the true benefit values.
Looking at the algorithm based on an exchange of benefit values the nodes works as follows:
Algorithm B

B1. The eNB1 which needs to remove an X2 association performs step A1
B2. eNB1 calculates the benefit value to be sent over the X2 interface using the function g1 which adapts the internal value to the set of values supported by the X2 interface.

B3. eNB2 receives the benefit value and calculates its benefit value using the function fnmin(Anmin,nmin, t) (the eNB and the interface are identified by k=n=nmin)
B4. eNB2 transforms its calculated benefit value according to the range supported over the X2 interface using the function gnmin 
B5. If g1(f1(A1,n, t)) ≤ gnmin(fnmin(Anmin,nmin, t + Δt)), eNBnmin responds with failure, otherwise with response.

B6. If the received message in B5 was failure select the smallest value not previously tested and start over at B2. Otherwise send SCTP shutdown to eNBnmin
Looking at step B5 the comparision g1(f1(An, t)) ≤ gnmin(fnmin(Anmin,nmin, t + Δt)) is made which is equivalent to g1(f1(A1,n, t)) - gnmin(fnmin(Anmin,nmin, t + Δt)) ≤ 0
Instead of comparing the value from one function in the eNB with information about all X2 interfaces it is instead proposed to compare the output from the implementation specific function gn(fn). These functions will introduce further uncertainty having negative impact on the performance of the selection algorithm and the overall performance of the network.

As an example, the identical input A to the two implementation specific functions f1 and f2 with the same set of output values {0, 1, 2, 3, 4, 5, 6, 7}in two different nodes could result in the output fk(A)= 2 and fn(A)= 4.
Conclusion 1: Using a mechanism as proposed in [4,5,6]  reduces the network performance, due to the increased error when comparing the output from two implementation specific functions.
In general we think that eNB1 has a much better view of how the interfaces are used, and in practice there is no problem to select which one is beneficial. In case eNB1 is a macro and the peers are located within is coverage, the smaller nodes have a very limited view of the benefit of its X2 link(s) compared to the macro (which is the node with the best understanding of its coverage area and the benefit of all its X2 interfaces).

Conclusion 2: A larger node, such as a macro eNB, has a better view of the benefit by each of its X2 interfaces compared to the eNBs located in its coverage area hence using less accurate information in a neighbour cell in its coverage area is not beneficial.

From the two Algorithm descriptions we also see that the advantages with Algorithm A are:

· Significantly less signalling over the X2 interface.

· Less processing required
· Faster decision
Conclusion 3: The new algorithm exchanging benefit value introduces more signalling, require more processing and is slower.
2.3 O&M 
One of the claimed benefits with the proposed functionality is [1]
As a consequence of the mutual consent, eNB2 has final control over whether the X2 Removal procedure succeeds or fails.  For example, 100 is a value that the receiving eNB2 implementation can calculate as the X2 Benefit Value of a link that it does not want removed.  This can be the case, for example, if the link is preconfigured by O&M and shall not be removed by an X2 Removal procedure from a peer eNB (regardless of e.g. traffic metrics over the link).
SA5 provides standardized whitelisting of X2 links in the respective node, and it is up to OAM to ensure that the X2 link is whitelisted in both end points. Otherwise it is a configuration error, which is not a problem for RAN3 to solve.
Conclusion 4: The proposed mechanism effectively introduces OAM functionality over the X2 interface, which is incorrect.
2.4 Variation of X2 benefit value over time
Our impression of the discussion so far is that the network in consideration is very static. However, in our view it is beneficial for an eNB to select its neighbors in a more dynamic way. Some examples are 

· few seconds: An eNB may setup a temporary X2 link to collect information from a neighboring node and then close the connection.

· daily variations where some eNBs are mostly used during office hours. X2 associations towards these could be valuable office hours but not otherwise

· larger time scale: When the radio conditions around an eNB changes (new buildings, new nodes, …) X2 associations which previously were beneficial may not be beneficial anymore (or the other way around). 
A neighbor which rejects removal of an X2 interface would prohibit the eNB1 to select the most beneficial neighbors, thereby negatively impacting the overall network performance. When setting up a temporary connection, there is also a risk that the other node rejects the removal and “hijacks” a X2 link which is not useful for eNB1.
Conclusion 5: The overall network performance is likely to decrease when eNB2 prohibits the eNB1 to freely select and remove its neighbors during temporary setup of X2 interface, when the load on the network varies or when the radio conditions change.

2.5 Further observations

The Stage 3 CR [6] adds the following procedural text:
“If the X2 Removal Threshold IE is included in the X2 REMOVAL REQUEST message, the candidate eNB2 shall, if supported, accept to remove the signalling connection with eNB1 if the X2 Benefit Value of the signalling connection calculated by the candidate eNB2 is lower than the value of the X2 Removal Threshold IE.”
This procedural text allows an eNB2 claiming to support the functionality to always calculate maximum benefit for its links and never remove anything. 

Observation 1: The proposed procedural text could be interpreted to not change anything compared to Rel-12.
An eNB2 which supports the functionality “shall accept to remove the signaling connection with eNB1 …”. This is not the same as stating that the eNB2 shall remove the signaling connection with eNB1
Observation 2: An eNB2 is allowed to accept to remove the signaling connection with eNB1but respond with the X2 Removal Response message.
We also note that changing “accept” to “shall [, if supported,] accept to remove the signalling connection with eNB1 …” would contradict the functionality introduced in Rel-12, which is based on mutual consent.

Conclusion 6: The proposed procedural text in [6] contains contradictions.
3
Summary and Proposal
From the discussion we have concluded the following:

Conclusion 1: Using a mechanism as proposed in [4, 5, 6] reduces the network performance due to the increased error when comparing the output from two implementation specific functions.

Conclusion 2: A larger node, such as a macro eNB, has a better view of the benefit by each of its X2 interfaces compared to the eNBs located in its coverage area hence using less accurate information in a neighbor cell in its coverage area is not beneficial

Conclusion 3: The new algorithm exchanging benefit value introduces more signalling, require more processing and is slower.
Conclusion 4: The proposed mechanism effectively introduces O&M functionality over the X2 interface which is incorrect.
Conclusion 5: The overall network performance is likely to decrease when eNB2 prohibits the eNB1 to freely select and remove its neighbors during temporary setup of X2 interface, when the load on the network varies or when the radio conditions change.

Conclusion 6: The proposed procedural text in [6] contains contradictions.

We have not seen any convincing use cases showing benefit for the proposed algorithm but expect that there may be possible to find some corner cases. However, the new mechanism brings problem with the increased uncertainty in the selection process. Other drawbacks are increased signalling, increased complexity, increased interoperability problems.
Proposal: We propose not to standardize any exchange of benefit value/X2 removal threshold, since no benefit has been shown.
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