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1
Decision/action requested
Discuss aspects of the use case “Automatic Physical Cell ID Assignment” and agree on related requirements
2
References

32.816 V1.5.0 Study on Management of LTE and SAE
3
Introduction
At SA5#59bis the following requirement was agreed

[REQ_EST_CON_1] Radio parameters for the new eNodeB should be generated as much as possible without manual intervention.

S5-080974 presented first deliberations on associated challenges and possible solutions. Namely, the concept of Class A and Class B parameters was introduced.

Single cell knowledge required (class A parameters): For setting the value of the configuration parameter only the knowledge about configuration parameters of the same cell is required. Examples include in particular parameter for (physical) channel configuration, such as RACH configuration (PRACH subframe configuration, preamble format, etc.), control channel configuration (number of symbols for PDCCH per TTI, aggregation level, configuration of HARQ and CQI feedback, etc).

Multiple cell knowledge required (class B parameters): In this case not only the knowledge about the own cell is required, but also knowledge about the (geographical) neighbour cells and maybe about the neighbours of the neighbours or even about a wider geographical or organisational area. Examples are the physical cell identifier and the global cell identifier or parameters defining the initial cell coverage like the initial transmit power settings and initial antenna tilts.

This contribution addresses now as a first parameter example the automatic assignment of the physical cell identifier. This parameter is a class B parameter.

In 3GPP there have been presented already some approaches for possible solutions. Centralised and distributed solutions were discussed.
This contribution provides further insight into the problem. Centralised and distributed approaches are investigated. Based on the discussion a conclusion will be drawn.

4
Background: Physical Cell Idenifier
In LTE cells are identified with a Physical Cell ID. This identifier may assume 504 different values.

It is important that two overlapping cells are not assigned the same Physical Cell ID as this will lead to the situation that in the overlapping area at most one of the cells is detectable. But with a high probability it can be assumed that none of the cells with identical Physical Cell IDs can be detected and no communication with either one of those is possible. In the following sections the situation when two cells overlap with identical Physical Cell IDs is called a collision.
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Figure 1: Physical Cell ID collision
Another problem that comes with the introduction of Physical Cell IDs is called confusion. A cell is called confused when it has two neighbors with identical Physical Cell IDs. If in such a situation a UE requests a handover to the cell with ID A, the eNodeB does not know which the target cell to address is. It is easy to see that in order to avoid the confusion of a cell it has to be assured that all of the neighboring cells to a particular cell have distinct Physical Cell IDs.
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Figure 2: Physical Cell ID confusion

To allow operation without disruptions caused by confusion or collision it is required to assign Physical Cell IDs in a confusion-free and collision-free manner.

To be able to choose a collision and confusion free Physical Cell ID it is necessary to know the IDs of the neighboring cells of the new cell and the IDs of the cells next to the neighboring cells.
Logical Architecture

Conceptually the task of assigning a physical cell identifier to a new eNodeB can be realized with two functions

Physical Cell Identifier Assignment Function (PCI-AF): This function selects a value for the Physical Cell ID of the new eNodeB. The identifier shall be collision free and confusion free. The information on the Physical Cell IDs of the neighbor cells and the neighbors of the neigbors is provided to this function by the Neigbor Cell Information Provision Function (NCI-PF).
Neigbor Cell Information Provision Function (NCI-PF): This function provides the PCI-AF with the required information. As already stated, in order to be able to take into account the requirements that the identifier assigned to the new cell has to be collision and confusion free the PCI-AF needs to have knowledge about
· the identifiers of the neighboring cells and

· the identifiers of the cells next to the neighboring cells.
The way how the PCI-AF gets knowledge about these identifiers (or, in other words, how the NCI-PF works) depends on the location of the PCI-AF. Below are discussed possible locations.
Reference Architecture
Solution A: PCI-AF located in the eNodeBs
In this solution the PCI-AF is located in each eNodeB. The NCI-PF could work in the following ways.
A) Listen on the radio interface: The newly installed eNodeB uses a built in radio interface or UE to determine the Physical Cell IDs of the surrounding cells (direct neighbor cells).

The benefit of this approach is that these measurements can be done passively without turning on the radio interface and causing potential interference with other cells.
The limitation on that approach is that only those cells which cover the location of the eNodeB can be detected that way. Cells that only overlap with the new cell cannot be detected. Even if all direct neighbors could be detected, the selection of a confusion free Physical Cell ID is not possible because the neighbors of the neigbors are not know yet. Hence, additional measures have to be taken. This problem is further evaluated in the Advanced UE Assisted Approach.
B) UE assisted Physical Cell ID detection: This strategy makes use of the UE capability to report all received Physical Cell IDs to the eNodeB it is connected to. To be able to use this strategy the cell has to be provided at least with a temporary collision free Physical Cell ID. This raises basically two questions which show the drawbacks of this approach:

1. How to assign the temporary Physical Cell ID: The first strategy is to randomly choose a temporary Physical Cell ID from the pool of available IDs. In case all cell IDs are available the eNodeB chooses one out of 504 IDs. The problem is that there is a non eligible risk of a direkt ID collision. If the new cell has 10 neighbors the probability for a collision is about 9%. To reduce the risk, to disturb the functioning of active cells a small set of Physical Cell IDs is reserved for the temporary assignment. This guarantees that there is no collision as long as only one new cell is inserted at a time within a certain area. If there are two overlappning cells inserted the risk of a collision of the new cells exists and increases even faster if there are more than two cells that overlap. While for two cells and 15 available IDs the propability is 6% for three cells it goes up to 19%. 


2. When to change to the new Physical ID: Assume now that by accident a collision- and confusion-free temporary Physical Cell ID has been choosen. It is an interesting question how long an eNodeB has to wait until it is possible to determine a permanent Physical Cell ID. If the waiting time is to short, possibly not all neighbors have been detected. If it is too long, the temporary ID has been in use without real need. In any case, there is no criterion to determine when all neighbors have been detected, so that this method is inherently unreliable.
C) Advanced UE assisted approach: This approach is based on the UE assisted approach but as soon as the first neighbor is detected, the eNodeB sets up a connection to the eNodeB of the detected cell and requests the information about all neighbors. The requested information is at least the Physical Cell ID. If additional information like the position and the cell radius is also provided the eNodeB can assess more accurately which cells are its own real neighbors. With the information retrieved the eNodeB could contact more potential neighbors and gather more information that could be used to decide on a permanent Physical Cell ID. This approach reduces the risk that some neighbors are not considered. And even if a neighboring cell has the same Physical Cell ID it could be detected and the eNodeB could choose another temporary Physical Cell ID. It is also possible to choose a confusion free Physical Cell IDs as the information about the neighbors of the neighbors is available.

But still there is no guarantee that all neighboring cells are detected that way, so that also this method is inherently unreliable.
But there are also other drawbacks. Assume only one neighbor is detected and this one provides the information about all his neighbors a lot of not needed information is taken into account for choosing a Physical Cell ID. Especially as more and more cells are considered because the new cell does not automatically know which cells are the real the neighbors.
To reduce the amount of IDs that are considered the eNodeB could ask the UEs, which are connected to the new cell, to listen to the cell ids provided by the neighbor and decode the global cell ID to allow to set up a connection to those neighbors. Obviously the UE will only detect the cell IDs of the real neighbors. This results in the reduction of information.
Another tricky situation occurs in case two parts of the network get connected by the new cell, that have not yet been connected, because the information provided by the first eNodeB may not be sufficient, as it does not know anything about the cells in the other part of the network.
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Figure 3: Two independent network parts get connected by a new cell
Figure 3 is an example for this case. The new cell (red) is able to detect the cell with ID E. The information about the neighboring cells with the IDs F, G and H is provided. Based on this information the New Cell could choose ID B, which would immediately cause a collision with ID B. And due to the characteristics of the Physical Cell ID, and as stated above this collision will stay undetected.

Solution B: Centralized Approaches
Fully centralized approach: In this approach the PCI-AF is located in a central entity (Note: The term central entity does not imply any statements about its location.). In this scenario it can be readliy assumed that the NCI-PF has easily access to all required information. It can be guaranteed that the new Physical Cell ID is collision and confusion free as long as the used information is consistent with the real world.
Partly centralized approach: In this approach the PCI-AF is located in the eNodeB. In contrast to this the NCI-PF is located in a central entity and provides the eNodeB with the required information. Also in this scenario it can be readliy assumed that the NCI-PF has easily access to all required information so that it can be guaranteed that the new Physical Cell ID is collision and confusion free.

6
Proposal

Nokia Siemens Networks proposes to add the following specification level requiremts to the new TS 32.xy1 “Establishment of new eNodeBs”.
	First modified section


5.2.5
Requirements

5.2.5.1
Automatic Radio Network Configuration Data Preparation
REQ-FUN-1: The physicall cell identifier shall be assigned fully automatically without manual intervention.

REQ-FUN-2: The assigned physical cell identifier shall be confusion free.

REQ-FUN-3: The assigned physical cell identifier shall be collision free.

	End of modifications


Conclusion

This contribution discusses the problem of the assignment of Physical Cell IDs to new eNodeBs. 

------------------------------------------------------END OF CONTRIBUTION------------------------------------------------------































