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1 Introduction
Neighbour cell lists and neighbour cell measurements become more complex the more systems simultaneously are present in a network. 
In GSM the situation was quiet overlookable, with a maximum of 32 neighbour cells being included in the list and which were supposed to be measured /searched for according to the Hyper-/Superframe structure.

In WCDMA the situation became more complex due to 
· the presence of two systems: GSM and WCDMA. 
· the support of two neighbour cell lists: 
One list (SIB11/12) is transmitted on the BCCH which is used by UEs in IDLE, CELL_PCH, URA_PCH and CELL_FACH state. The list contains all neighbour cells the UE shall search for and consider for cell re-selection. This list contains up to 32 intra-frequency cell, 32 WCDMA inter-frequency cells and 32 GSM cells (and 32 TDD cells). 
In CELL_DCH each UE receives a dedicated neighbour list which contains the cells that are to be considered for HO measurements. The UE has to search for and report towards UTRAN, and the HO decision is taken by the network itself. 

The organization of the neighbour cell lists becomes more important in LTE as it has ever been before due to the interconnection of more systems. The amount of successful executed neighbour cell measurements will depend on the terminal capabilities. More advanced terminals will probably deal with more measurements within a reporting period. Furthermore within a reporting period, scheduling variations may vary the amount of successfully measured neighbour cells.
The problem was identified in LTE but so far no discussion took place. 
2 Discussion
A dedicated neighbour cell list signalling is currently done in WCDMA. Given a large number of users per cell, this increases the amount of signalling significantly, which should be avoided in LTE to increase efficiency.  
Proposal 1: One neighbourhood list, carried on the BCCH, should be applied for all LTE states.
But a generic list, as it is used nowadays in WCDMA and GSM could lead to an uncontrollable amount of measurements, given the presence of neighbouring cells of multiple mobile communication systems. Therefore an indication of measurement priorities and/ or cell service capabilities is required to limit the number of cells to be monitored by the UE. 
Proposal 2: A priority indicator should be introduced to indicate, which cells should be measured first. 

Proposal 3: A service class field should be introduced, indicating the types of services a cell is capable to support, such as “very high data rates”, “high data rates”, and “speech only”. 
As an example, if one of the UE’s active services requires 2 Mbps – which is a “very high data rate” - , then the UE can ignore all cells for measurements, whose service class field does not indicate the support of “very high data rates”. This avoids measurements of cells, which are not suitable for service continuation. 
If no neighbouring cells with the UE required service class are available, the UE may consider lower service class cells. In LTE_ACTIVE, this can be commanded by eNode B based on UE measurement reports. 
A very large number of cells may still fulfil the UE’s service class, e.g. when the UE requires “speech only”. A priority indicator then indicates to the UE, with which cells to start measurements first. This is especially required, if the terminal capability limits the amount of neighbouring measurements and when the amount of successful measurements is varying due to gap scheduling variations. 
The priority setting may be e.g. based on operators’ load balancing strategies or based on successful HO statistics.  
Proposal 4: A dependency field should be introduced, indicating a cell’s umbrella cell.
The HCS structure of the network should be reflected in the neighbourhood list, i.e. a cell should be only considered as measurement candidate for cell re-selection, if its umbrella cell is detectable. 

In WCDMA every cell in the list has to be measured. This may result is many unsuccessful measurement attempts, which can be avoided within hierarchical cell system. This can be exemplified in figure 1:
The UE is not capable to detect umbrella cell B. Therefore, all (mirco/pico) cells within the umbrella of cell B are also not suitable candidates for cell re-selection and HO. Consequently attempts to measure these cells can be avoided. In this figure, cells B1 to B5 are marked as being under the umbrella of cell B. 
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Figure 1

Proposal 5: An indicator should be introduced to mark cells suitable for cell re-selection in LTE_IDLE. 

The same list is applied in LTE_IDLE and LTE_ACTIVE. To avoid excessive measurements in LTE_IDLE resulting in high battery consumption, as well as to avoid frequent inter-system cell changes, it is recommendable to indicate, which cells shall be considered for cell selection and re-selection.
Proposal 6: The radio access technology supported in this cell should be indicated
This field provides information whether this is an LTE, WCDMA, GSM or WLAN cell.

Based on above proposals, we recommend a neighbour cell list as shown in the example figure 2:

	1
	1
	Yes
	Yes
	No
	-
	No
	LTE
	LTE cell suitable for all services, which should be not selected by idle UEs

	2
	1
	Yes
	Yes
	Yes
	-
	Yes
	WCDMA
	WCDMA cell suitable for all services (HSPA capable), which can be selected by idle UEs

	3
	2
	No
	Yes
	Yes
	-
	Yes
	WCDMA
	WCDMA cell suitable for all services (not HSPA capable), which can be selected by idle UEs

	4
	2
	Yes
	Yes
	Yes
	1
	Yes
	WCDMA
	WCDMA pico cell suitable for all services under the umbrella of cell 1

	5
	4
	No
	No
	Yes
	-
	No
	GSM
	GSM cell (not GPRS capable) which should be not selected by idle UEs

	6
	4
	No
	Yes
	No
	3
	no
	WLAN
	WLAN cell not suitable for speech services



Figure 2
Please note that this proposal does not exclude dedicated measurement commands when necessary. These dedicated commands would override the BCCH transmission for the specific UE.
Proposal 7: Take into account the load situation in the cells
A further priorisation or reduction of measurements can be achieved by taking into account the load situation in a cell. Cells which are in an overload situation shall be excluded from the measurements. As this situation might change faster than the BCCH is resent a bit field which can be transmitted more frequently on a dedicated channel shall provide this information. The bit field needs to be transmitted only if the load situation of the cell changes.
3 Conclusion

With the presence of multiple mobile communication systems and a large number of neighbour cells, efficiency of cell measurements requires close examination in LTE. In this Tdoc, it is recommended to use one neighbourhood list for both LTE_IDLE and LTE_ACTIVE which is broadcasted on the BCCH. We proposed several mechanisms which help the UE to prioritize cells for neighbourhood measurements (Proposal 2 to 7). 

If these proposals are seen recommendable by the group, we propose to include them in TR 25.813. 
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