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1
Decision/action requested

To agree on Automatic Physical Layer Cell Identity Allocation.
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3
Rationale

This contribution is a resubmit of R3-082218.

4
Introduction
Each LTE cell must be assigned one Physical Layer Cell Identity. It is of importance that the allocation of Physical Layer Cell Identities is conflict and confusion free, so that a UE can properly detect reference signals and thereby e.g. timely and non-ambiguously discover adjacent cells. RAN WG3 has earlier discussed automatic allocation of the Physical Layer Cell Identity [e.g. 1, 2, 3 and 4].
There exist 504 possible Physical Layer Cell Identities which may appear to be a sufficiently large set of numbers to choose from. However, there may be several reasons why a Physical Layer Cell Identity cannot be picked freely. For example, the operator may introduce artificial subgroups, and several properties of the physical channels depend on the Physical Layer Cell Identity (named 
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in [5]).
5
Discussion
5.1
Requirements on Physical Layer Cell Identity allocation 

5.1.1
Fragmentation of Physical Layer Cell Identities into subgroups

There exist 504 possible Physical Layer Cell Identities, which ideally should be a sufficiently large number to choose from, without introducing any conflicts and confusion. However, the actual available number of identities to choose from may be limited to overcome various planning constraints. For example,

· the 504 identities may be split into subgroups for macro cells, micro cells and femto cells, in order to simplify the introduction of new cells in one “cell layer” without impacting other layers,

· the 504 identities may be split into subgroups to handle planning constraints at non-cooperative network borders, for example in a border region between different countries,

· the 504 different reference signals are constructed from 168 pseudo-random sequences and 3 orthogonal sequences, and the choice of a cell identity changes some of the cell’s properties which may put constraints on the allocation of Physical Layer Cell Identity in relation to the Physical Layer Cell Identities of adjacent cells; the
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parameter is frequently referenced and used in [5].

5.1.2
Constraints on changing Physical Layer Cell Identities during operation

If a Physical Layer Cell Identity conflict or confusion is detected, the change from one Physical Layer Cell Identity to another may have constraints. For example,

· changing the Physical Layer Cell Identity in an operational cell may have an impact on the existing cell service or may cause a flood of events,

· an occasional Physical Layer Cell Identity change during high traffic may be acceptable, but if resolving of conflict and confusion situations of the Physical Layer Cell Identity does not converge – or converges slowly – there may be many autonomous Physical Layer Cell Identity changes, that may be considered being too many and too frequent,

· unpredicted changes of the Physical Layer Cell Identity may corrupt or confuse measurements, e.g. drive tests that may be recording Physical Layer Cell Identity as an identification of cell identity,

· a very poor Physical Layer Cell Identity allocation should be rectified with some urgency, while a less critical Physical Layer Cell Identity confusion may be rectified at a later stage (or ignored completely); the urgency should determine when the change should take place,

· with the event of support for Automatic Neighbor Cell Relations in LTE, where neighboring cells will be detected easily, it is likely that the number of detected cells – and hence the number of possible Physical Layer Cell Identity collisions/confusions – will be higher than what is previously experienced in legacy systems; this means the Physical Layer Cell Identity confusion and conflict awareness, and possible automatic allocation, is a continuous process and not just a matter of selecting a suitable identity for a new cell when it is introduced initially.

Therefore, it is unlikely a change of Physical Layer Cell Identities could be made “at any time”, and such action should probably be judged against the service and business impact it may have.

From the above mentioned restrictions on the Physical Layer Cell Identity to choose from, and the time constraints when a change of Physical Layer Cell Identities can be done, it seems unlikely that the eNodeBs can make an automatic Physical Layer Cell Identity allocation and change properly. Or rather, automatic Physical Layer Cell Identity allocations and automatic changes is non-trivial and it is unrealistic that an eNodeB can do anything more than detect and report for Physical Layer Cell Identity conflicts and confusions. 
5.2
Home base stations and similar environments

Home base stations, and similar applications, can be assumed to have relaxed requirements when it comes to allocation of Physical Layer Cell Identities and when to make any changes to the Physical Layer Cell Identity. Such base stations are expected to have a very limited coverage area and hence only a small interaction with the surrounding radio environment, with no need to consider country borders et cetera. We can also expect a limited impact on the service from a Physical Layer Cell Identity conflict, and from changing the Physical Layer Cell Identity. Therefore, it is assumed that it is possible to provide such base stations with a set of Physical Layer Cell Identities that the base station may choose from at its own discretion. 

5.3
The eNodeB and Domain Manager role

With the introduction of ANR (Automatic Neighbor Relations) for LTE, Physical Layer Cell Identity conflicts and confusions can be detected easily. An interesting fact is that we would not expect the conflicting cells to discover themselves that they are in conflict, but the discovery is made by a third party cell.
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Figure 1.
When the users in the rightmost (red) cell detects the middle (green) cell and the rightmost cell wants to establish a neighbor relation, e.g. over the X2 interface, the middle cell can easily determine that the new neighbor uses a Physical Layer Cell Identity that is already in use in one of the existing neighbor cells (the leftmost, blue, cell). The two cells using the same Physical Layer Cell Identity need not, and are probably not, neighbors to each other. 

As illustrated in Figure 1 above, the detecting cell easily discovers the conflict/confusion, but is not the best suited entity to resolve the problem. What is required is to a) determine if and what cells to change and b) to allocate proper Physical Layer Cell Identities to the cell or cells and c) when to make the change. One possibility of resolving the Physical Layer Cell Identity conflict is that either of the two cells changes their own Physical Layer Cell Identity which may be successful in many cases; but chances are that a re-planning of Physical Layer Cell Identities in the area is a better solution, which the eNodeBs are less capable of doing, leave alone less capable of determining, themselves.
A Domain Manager is better suited than individual eNodeBs to have an overview over the current Physical Layer Cell Identity allocations, allocation rules and the positive and negative impact a Physical Layer Cell Identity change may have. When a conflict or confusion is detected, and if the Domain Manager is not capable of resolving the situation itself, it should be possible to notify other Domain Managers (the owner of one of the cells causing the confusion) that a conflict/confusion is detected that may require an action. It is for SA5 to standardize the details of such communication. Even in the Domain Manager automatic allocations and automatic changes may be non-trivial due to restrictions on the Physical Layer Cell Identity to choose from. This does not preclude the Domain Manager from playing an active role in Physical Layer Cell Identity confusion/collision detection and allocation, but the final decision and activation should be a human intervention.
When a LTE cell makes a change of its Physical Layer Cell Identity, it is also important to rapidly make the necessary updates of the legacy systems which may desire handovers into the LTE system. Such updates require a notification to the Domain Managers for the legacy systems. There exists no interface between eNodeBs and legacy Domain Managers today. 

Proposal: A Domain Manager should be able to notify other (Domain) Managers that a PCI conflict/confusion is detected that may require an action. 
6
Summary and proposals

Any automatic allocation of Physical Layer Cell Identity cannot guarantee conflict or confusion free result. The automatic Physical Layer Cell Identity SON use case is therefore about detecting and resolving conflicts and confusions. The ANR function supports detection of Physical Layer Cell Identity conflicts and confusions. 

We have pointed at a number of difficulties and constraints for Physical Layer Cell Identity allocation, which makes an automatic allocation solutions located in the eNodeBs, to appear as not realistically successful in practice. 

The Domain Manager is better suited for this task and therefore we propose,

Proposal: A Domain Manager should be able to notify other (Domain) Managers that a PCI conflict/confusion is detected that may require an action.
Even when located to other nodes, it is still a challenge to automate the allocation of Physical Layer Cell Identities and provide the flexibility and control that an operator requires. Physical Layer Cell Identity allocation should therefore be human intervention based (except possibly for home base stations).
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