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GERAN – E-UTRAN Neighbour Cell Lists and Neighbour Operator coordination

1. Introduction

Due to the relatively low bandwidth available for the transmission of system information in GERAN, optimization of such information can be very beneficial in order to ensure fast acquisition of the system information.

In this paper, we investigate the possibility of grouping E-UTRAN cell IDs; this is motivated not only by the desire to compact system information (specifically neighbour cell lists) but also by issues related to operator coordination and cooperation.

2. Problems addressed

2.1. Problems of border areas

In areas where different operators operate on the same E-UTRAN frequency, it is important that the MS is able to distinguish between cells which belong to its 'home' operator, and those which belong to the 'neighbour' operator(s).  Otherwise, in 'active' mode (i.e. dedicated mode or packet transfer mode), the MS may unnecessarily report cells of neighbour operators; in idle mode, the MS may attempt to perform cell reselection to a neighbour operator ; if this turns out to have been an inappropriate cell to perform reselection to, the mobile may be barred from reselecting any cell (either 'home' or 'neighbour') on that frequency for several minutes.

2.2. Explicit Whitelist/Blacklist

Two obvious options to avoid the above problem are to provide 'explicit' whitelists or blacklists i.e.  lists which contain every single cell in the region which belong to the home (respectively neighbour) operator.

However,  it is recognized that operators wish to minimize the amount of configuration related to E-UTRAN networks, including the building of neighbour cell lists.  Using explicit neighbour cell lists has the significant disadvantage that they must be updated whenever a cell is activated or disabled (even though the fact that a cell is activated / disabled might be determined in a semi-automatic way e.g. by SON).  
From a GERAN perspective, a more critical problem with explicit neighbour cell lists is the length of these lists and the amount of system information (and therefore delay) required to convey the complete list.
2.3. Operator Coordination

It is possible that two cells, one belonging to a home operator and one from the neighbouring operator, have identical physical layer parameters and are indistinguishable (without resorting to reading system information of the E-UTRAN cell, which is not desirable).   Even with explicit whitelists / blacklists it is not possible to distinguish these cells, and it is therefore impossible to prevent ambiguous measurement reports (which could incorrectly trigger handover procedures) and/or incorrect cell reselections.
It is therefore expected that some degree of operator coordination will be required to avoid these 'collision' situations arising.

3. Grouping of cells

Grouping of cells allows benefits both in the problem of 'collisions' of cell IDs, providing a simple mechanism for operator coordination, and can allow significant compression of the neighbour cell list, compared with explicit lists (whereby each individual cell is listed).

An example is given below:

Operators A & B agree to divide the PLCID space to avoid collisions.  Operator A has a much larger number of E-UTRAN cells in the border region, and they therefore agree to allocate three quarters of PLCIDs to operator A and one quarter of PLCIDs to operator B.

In operator A's GERAN network, its range of PLCID values is broadcast in neighbour cell messages, etc.  Similarly in operator B's GERAN network, its (smaller) range of PLCID values is broadcast.  This is based on a 'white group list', but a 'black group list' could be equally efficient, but shorter (or even empty) away from border areas.
4. Grouping of cells – flexibility / coding efficiency

In this section, we consider different options for defining groups of cells and consider their coding efficiency and flexibility (how easy it is to partition the PLCID space into arbitrary segments).  It should be remembered though, that the coding of all these options is much more efficient than a list of PLCIDs (each 9 bits).

4.1. Fixed length approach
In this approach, it is standardised that the n most significant bits in the PCI indicates a 'group'.
Then, in the neighbour cell list, an indication of which cells belong to operator A's network is given by means of a bitmap e.g.for a 2-bit group indication, there would be 4 groups, and a 4-bit bitmap would indicate which of the four groups apply.

e.g. only cells with MSB = '11' belong to operator A i.e. all of operator A's cells would have PCI = 11xxxxxxx, and the bitmap would indicate 0001:
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PCIs 11xxxxxxx – belong to operator A

PCIs 01xxxxxxx

PCIs 10xxxxxxx

PCIs 00xxxxxxx

do not belong to operator A


Coding efficiency: Requires 4 bits in all cases
Flexibility: Allows granularity of one quarter of the PLCID space
4.2. Variable length approach:
This approach is more flexible, and allows a finer granularity of grouping.  The principle is that the grouping is identified by a 'pattern' of length n bits. If the n most significant bits of a PCI match the pattern, then that PCI falls within that group.

e.g. if the pattern is 5 bits long and is equal to "01000", then all PCIs of the format: 01000xxxx fall into this group.

An example of a coding approach for this (allowing a maximum pattern length of 4 bits) in CSN.1 could be as follows:

pattern_length : bit (2) 

pattern : bit (val(pattern_length+1))


Example:  Operator B agrees to use only PCIs with value '1110xxxxx'; operator A would indicate its blacklist as:

pattern_length = 3 (i.e. one less than the actual pattern length), 
pattern = '1110'.
Coding Efficiency: This is, in general, more efficient coding than the fixed length approach.  If only two groups exist (identified only by the most significant bit) then 3 bits in total are required (compared with e.g. a 4 bit bitmap) . If 2-bit patterns are used, the length is the same in either case. For longer patterns (where the bitmap would be 2**n bits long), this approach is much more efficient.
Flexibility : This approach allows more flexibility that the fixed length approach, and could be useful where an operator has a very small number (or very large number) of LTE cells which would need to be grouped. 
4.3. Blacklist/whitelist indication
The above approach provides significant flexibility, but the efficiency of the coding could vary significantly depending on the size of an operator's allocation of PLCID values: if only a small number of cells exist in the 'other operator' network, then a blacklist approach would work best: a single pattern would cover the small number of cells in the other network.

The most efficient coding of a group could depend on whether a black group or white group approach is taken. A 'blacklist/whitelist sense' bit added to the definition of a pattern or group, to indicate whether that group/pattern describes cells which belong to operator A (the operator in whose network the list is being sent) or another operator, could solve this problem.
Note that this would not prevent an overall default 'sense' being specified i.e. the meaning if no group is specified. 
Example 1 : Operator B agrees to use only PCIs with value '1110xxxxx'; then operator A would indicate:

pattern_length = 3, 
pattern = '1110', 
blacklist/whitelist sense would indicate 'blacklist'.

Operator B would indicate exactly the same, but would indicate 'whitelist'.

Example 2 : Operator A uses PCIs with value '00xxxxxxx'; then operator A would indicate:

pattern_length = 1, 
pattern = '00', 
blacklist/whitelist sense would indicate 'whitelist'.

Operator B would indicate exactly the same, but would indicate 'blacklist'.

Coding Efficiency: A single additional bit can significantly improve the efficiency, particularly in unbalanced assignments.  In the above examples, the coding requires 7 bits (Example 1) or 5 bits (Example 2) for both operator A and operator B.

Flexibility: This approach offers the same flexibility as the variable length approach.
4.4. Start value + range
Another option is that groups are defined in terms of a 'start PCI' and a 'range'.  e.g. PCIs with (decimal) values 100 – 199 (inclusive) would be signalled as being part of a group with 'start PCI' = 100, and range = 99.

Coding Efficiency: This would be fixed at 18 bits (9 bits for the start value, 9 bits for the range)

Flexibility: Almost arbitrary flexibility!
4.5. Pattern from arbitrary part of the PCI
The pattern need not be a contiguous set of bits starting at the most significant bits.  For example, one option is to indicate that the pattern starts at a specific bit number within the PCI.


e.g. if patterns were restricted to consecutive bits, the group of PCI values 'xxx110xxx' could be coded as: 

pattern = '110', 
pattern_start_bit = 4
Alternatively, patterns could apply to arbitrary bits. This could be indicated by means of a bitmask


e.g. the group of PCI values 'xxx1x110x' could be coded as:

mask = '000101110' (where 1 indicates that the pattern applies to that bit), 
pattern = '000101100'
Coding Efficiency: 18 bits or fewer required (the pattern may be compressed)
Flexibility: Highly flexible, since PCI values in the group need not be contiguous

4.6. Multiple instances
In all of the above cases, the representation of a group can be repeated to refine or more accurately represent a set of cells; in approaches using a Blacklist/whitelist sense, these repetitions need not have this aspect set the same in all cases.

5. Conclusion

It is considered that in order to avoid PLCID 'collisions', a certain degree of operator coordination will be beneficial.  In order to facilitate this, and as a means of very efficiently indicating black/white NCLs, it is recommended that it be possible to signal groups of PLCIDs.

Approaches presented above can specify a group of PLCIDs using as few as 2 or as many as 18 bits; in each case, the tradeoff is against the flexibility of groupings.  Bearing in mind that there may be more than 2 operators in a border region, and considering that the cost of increased flexibility is not significant (compared with, for example, the number of bits required to code a series of arbitrary PLCID values) it is recommended that a reasonable degree of flexibility be provided for.
It should also be noted that a similar mechanism may be required in future to indicate the range(s) of PLCID values allocated to CSG cells.
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