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Introduction
Getting the most recent results of neighbour cell measurements will be essential for optimized HO performance in mobile networks featuring enhanced HO algorithms. 
In 2G/3G systems a certain amount of UL resources is reserved for measurement reporting on signalling channels. To keep the resource usage low, event triggered reporting respectively periodic reporting with reasonably long reporting periods is used.

In LTE so far the same reporting mechanisms are seen as the basic working assumptions while improvements are not precluded in this early stage of standardisation.
Possible Improvements
Improvements shall be introduced in the sense of 
· Lowering the signalling effort since every resource which is not used by a particular UE can be used by another UE by the means of the uplink shared channel (UL-SCH).
· Improving the HO performance w.r.t. 2G/3G systems in terms of resource usage and delay since the deciding entity (eNodeB) is the edge node receiving higher and lower layer signalling as well within a single physical entity.

· Since in the basic architecture there is no central controlling entity to co-ordinate resources, a source eNodeB will ask a target eNodeB over an interface (X2) for HO admission. A fully loaded target eNodeB may be unsuited (e.g. it may decline the admission) and the source eNodeB may try another (second best) for admission to not drop a UE call or service. 
This will take time and a reliable prediction of possible HO candidates will enable the source eNodeB to do such tasks in advance. Of course this works best if the measurement results are most recent and accurate.
Proposed Improvement
The proposed solution for an introduction of the above mentioned improvements consists of a combination of
a scheme on RRC message level, i.e.:
· periodic or event triggered reporting of cell quality measurements (e.g. path-loss, signal interference ratio, signal noise ratio)

Note: 
In the reports the results for a number of cells will be reported in a list (potentially as in UTRAN). The number of results will be kept low (e.g. < 6) to keep the message reasonable small, since an identity identifying the cell together with the actual measurement value has to be sent. 

Together with the message overhead the total may end up with approximately > 80 bits per report (e.g. 5* (overhead + cell-id (5) + path-loss(7)).

with a scheme of incremental reports on MAC header level or Physical layer level e.g. together with a channel quality indication (CQI).

· Following the latest reports on RRC level a certain number of bits is used to signal changes in the reported cell measurement values.

· Three states (one step higher – no change – one step lower) or two states (one step higher – one step lower) are signalled per cell. 

· The information is coded into a bit field. The positions in the bit field correspond to the positions of the cells in the list contained in the full RRC report. The bit field is sent in the MAC header on the UL-SCH or alternatively on the physical channel carrying other reports (e.g. CQI). An example is shown in figure 1.
· By using e.g. 7 bits (128 states) the information for a number of 5 cells can be encoded with 3 states (125 = 5^3) states, covering the best and therefore most probably candidate cells. Different variants are listed in table 1. 
Note:
Intra-frequency is considered here as most suitable, as it is considered as the most frequent HO scenarios, however extending the scheme for other scenarios (inter-frequency, inter-RAT) is not precluded.
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Figure 1: Incremental reporting example with 2 cells
	
	Number of bits needed for

	Number of Cells in List
	2 Steps: up/down
	3 Steps: up/keep/down

	1
	1
	2

	2
	2
	3

	3
	3
	4

	4
	4
	6

	5
	5
	7

	6
	6
	8


Table 1: Number of cells vs. needed number of bits for 2 or 3 step solution

Benefits
The proposed solution comprises benefits as follows:
· The time period between full measurement reports can be made longer, without loosing valuable information.

· For the same amount as for one full RRC report a number of 10 updates can be sent to provide the eNodeB with measured values at the same time providing a very detailed picture of the gradients of the measurement values which will only be achieved with very short reporting periods otherwise.
· Due to the granularity of the uplink transport block sizes the inclusion of the small incremental reports may often come for free instead of padding. If there is no padding in all UL transmissions, a timer based transmission may include the report with some periodicity which might anyway be sent for the scheduling information.
· At the cell edge the UE transmit power will be the limiting factor in terms of UL bandwidth but also in terms of neighbour-cell interference, so actually smearing the measurement report over a high number of transmission mitigates the negative effects of the measurement report.
· A smooth usage of the UL-SCH through small added information helps for optimization of the UL scheduling, which will be a critical part of the LTE system anyway w.r.t. non scheduled high priority signalling traffic.

· The used HARQ scheme on the UL-SCH provides a high reliable transmission scheme with very low misinterpretation probability as also the transmitter knows with high a probability whether a transmission was received correctly or not.

· Predictive HO mechanisms based on fast measurement reporting will take advantage of such a scheme.
Conclusion

Due to the benefits listed for the proposed solution, we suggest to adopt an according method for the LTE measurement reporting for HO. 
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