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1
Decision/action requested

To discuss and agree on the inclusion of MCI conflict detection and resolution in LTE.
2
References
 [1]
S5-071484
Automatic neighbour cell configuration 
3
Rationale

Automatic Neighbour Relation Lists (ANRL) [1] have been discussed extensively in the concept of Self Organizing Networks (SON).
For ANRL to work smoothly it is beneficial if the Measurement Cell Identities (MCIs) are well planned, i.e. when a cell is “scanning” its neighbourhood, all neighbours have different MCIs. However, if two (or more) neighbouring cells share the same MCI, the algorithm as presented in [1] can be enhanced in order to detect and resolve such MCI conflicts. The purpose of this contribution is to elaborate on such enhancements and present a preferred solution. The aim is also to agree on the proposed solution for MCI Conflict Detection and Resolution (MCDR) for LTE. 
4
Background
The manual planning and management of Neighbour Cell relations in a Radio Access Network is resource consuming and error prone. Reference [1] argues for automatic support for building neighbour cell relation lists based on handover measurements from the UEs, and UE assisted Cell Identity (PLMN level) (CIPL) reports. For ANRL to fully operate it is assumed that the MCIs are well planned, i.e. no cell has two neighbours with the same MCI. If a cell finds two neighbours with the same MCI, an MCI conflict is detected which in turn needs to be resolved.
In the example provided in Figure 1, the cell in the middle has two neighbouring cells that both use same MCI=17. Furthermore the cell serves two UEs located near the cell edge. Both these UEs report that a cell with MCI=17 is a good handover candidate. But the serving cell can not determine which cell the corresponding UEs refer to based only on the MCI information provided in the handover measurement reports. 

The reason for MCI conflicts can be a tight reuse of small cells (home eNodeBs, pico eNodeBs), poor planning or no planning at all.  
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Figure 1.
The serving cell has two different terminals reporting MCI=17 as the handover candidate.  In fact there are two different cells – this must be detected and handled by the serving cell.
5
Resolving MCI conflicts
To rectify a MCI conflict, it must first be detected. One solution is to use the primitive defined in [1], i.e. the possibility to also read CIPL in combination with MCI. This gives the serving cell a possibility to order additional reports on CIPL in case the cell suspects a conflict. Reading neighbour cells’ CIPL on a regular basis is also possible. Clearly, there are number of solutions to detect conflicts.

However, the main question is how to react on a detected conflict. The conflict must be dealt with, that is, one or more cells must change its MCI. 
With contemporary RAN technologies, changing the (equivalent of the) MCI typically requires closing down the cell, configuring the new MCI value, and then restarting the cell. Alternatively, the cell just changes its MCI without releasing connections. The result of such an action would result in all active UEs will lose their connections, and all IDLE UEs currently camping on that cell lose synchronization, and are forced to perform a cell re-selection.. Those dropped UEs must perform new cell searches resulting in a massive amount of random access attempts. Such a mass random access is problematic because the typical random access channel is not designed to handle a large number of simultaneous access attempts. 
5.1 Alternative 1: Manual approach
One alternative for resolving MCI conflicts is to minimize the possibility of conflicts. This is done by careful planning of the network’s MCIs. This is comparatively easy for Macro eNodeBs, where the operator has good control over the location of the eNodeBs. It is comparatively more difficult for smaller base stations such as Home eNodeB or Pico eNodeBs. On the other hand, changing the MCI in a Home eNodeB can not be seen as a major problem.
When an eNodeB detects a conflict it should report the conflict to the Domain Manager (DM), which may elect to forward the report to the NMS. It is then up to the operator to take proper action. The action could for example be to change the MCI during low traffic hours. The cell facing the conflict may use some provisional actions until the conflict is removed. One such action could be to order all UEs to report CIPL for cells in conflict, to guarantee correct handover.
5.2 Alternative 2: Automatic approach

Another alternative for resolving MCI conflicts is to completely remove the planning of MCIs. The operator shall not need to deal with the concept of MCI. Instead the MCI is automatically configured to the cell, possibly at random. This configuration is done by the DM. Allocating MCIs at random will increase the number of MCI conflicts. However, resolving MCI conflicts will be handled by an automatic algorithm. When a conflict occurs, an algorithm will determine the necessary MCI changes for solving the conflict. This algorithm could run in the DM, NMS, a SON server, or perhaps distributed in the eNodeBs.
However, for this algorithm to be acceptable, changing an eNodeB’s MCI during operation must not severely disturb ongoing traffic. Appendix A discusses ideas for changing the MCI during operation without disturbing the network.
6
Proposal

In [1], the Automatic Neighbour Relation Lists (ANRL) method for Neighbour Relation optimisation is introduced. In this proposal we push the envelope even more – we remove the need for MCI planning by introducing the MCI Conflict Detection and Resolution (MCDR). While MCDR stands by itself, combining ANRL with MCDR will further boost SON.
Therefore, it is proposed that support for MCI conflict detection and resolution during operation, described in section 5.2 is supported in LTE.
A decision needs to be taken on how to organize the work within 3GPP groups. We propose that SA5 writes requirements for all involved groups.

It is proposed that the following section of 32.816 is modified:
	Modified Section


5.1.3
Self organising network

5.1.3.1
Requirements

[SA5 note: This text will succeed a section containing Automatic Neighbour Relation List (ANRL) requirements]

ANRL removes the need for an operator to manage Neighbour Relation Lists. A further reduction of management effort is to remove the need to plan and manage Measurement Cell Identities (MCIs.) This is done by automatic distribution of MCIs to the cells in the network. When MCI conflicts occur, i.e. when one cell has two neighbours with the same MCI, an automatic function resolves the conflict. The function is called MCI Conflict Detection and Resolution (MCDR).
The following requirements apply:

REQ-MGMT_LTE_SAE-CON-3XX
An MCI Conflict Detection and Resolution (MCDR) function shall be supported by LTE

REQ-MGMT_LTE_SAE-CON-3XX 
An architecture shall be defined for the MCDR function. The architecture will define where the components of MCDR reside.

REQ-MGMT_LTE_SAE-CON-3XX
The management of the MCDR function is specified by an NRM IRP, so that, via Itf-N and Itf-P2P, a) NMS can configure the function and b) EM/DM can report MCI conflicts.

5.1.3.2
Actor roles
5.1.3.3
Telecommunications Resources
5.1.3.4
High Level Use Cases
5.1.3.4.1
UseCaseName
	End Modified Section


Appendix A
    Changing MCI during operation
To fully support the alternatives and especially alternative 2 (in section 5.2), changing MCI may not severely affect the connected UEs. This appendix sketches on solutions for achieving non-disturbing MCI changes.

A.1
Cell Identifier Change Message
One solution would be to introduce one new message, Cell Identifier Change, to be sent over the air interface.  The message parameters are a Current MCI, a Future MCI and a Change Time. When a UE receives this message from an eNodeB, the UE knows that the cell with the Current MCI will change its MCI to the Future MCI, at a certain change time. The time could for example be expresses as an absolute time, or as a future frame number.

The message can be sent to each UE individually over an appropriate control channel, or more efficiently, by transmitting the message on a scheduled downlink shared channel using group scheduling that targets several UEs at the same time. The change message is preferably transmitted long enough to ensure that UEs in low duty-cycle discontinuous transmission (DTX) modes can detect the message.

The UEs need to know the signature sequence of the serving base station in order to detect transmissions from that base station.    Using the signature sequence, the UE can correctly locate the pilot symbols in the time-frequency grid in order to use them in the demodulator.  Without the proper MCI and the corresponding signature sequence the UE will not be able to detect the base station transmission.  When the indicated MCI change time occurs, each notified UE updates its signal detector with the new signature sequence corresponding to the new the MCI so that the UEs can continue to receive and detect transmissions from that base station without disruption.

A.2 
Fast update of UEs doing measurements
When a cell changes its MCI and corresponding signature sequence, it affects the served UEs as well as UEs in neighbour cells, performing handover measurements on that cell. The UEs in neighbouring cells that are monitoring the old signature sequence discover that the cell “disappears”.  If the UEs continuously search over all possible signature sequences for potential handover candidates, then they will eventually discover the cell’s new signature sequence.  During this search time, if the UE will not discover the new signature sequence before it loses contact with its serving cell, there is a risk that the handover of the UEs to the target cell may fail. To prevent this from happening, one can update the neighbours at the same time as changing the MCI value. As a result, the affected UEs can switch to monitor the new signature sequence instead of the old one.

A.3
Update of neighbours

Another problem related to a cell changing its MCI without having the neighbours cells notified is that those neighbour cells will have incorrect information about the cell in their neighbour cell relation (NCR) lists. As a result, the neighbouring cells will start to receive measurement reports from their UEs on the new set of reference symbols corresponding to the new MCI.  But that new MCI will not be listed in their NCR list.  The neighbouring base stations will then order the reporting UE to read the CIPL on the cell with the new MCI. Even though this may not be a big problem this operation is unnecessary and can be avoided if the neighbours are notified directly by the cell that changes its MCI instead of receiving this information indirectly via the UEs. In addition, informing neighbours about a MCI change also enables them to inform their served UEs about the MCI change of a possible handover candidate.
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“I see two neighbours with MCI=17!” 
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