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1 Introduction 

Mobility load balancing enhancement is agreed to be part of the SON WI for Rel-10 [1]. This paper discusses MLB scenarios from both UE mode and carrier frequency perspective, and analyzes the use of HO or cell reselection based LB approaches for each scenario with regard to complexity, flexibility, reliability, and performance impacts. It concludes that for intra-frequency load balancing, cell reselection parameters exchange does not bring improvements for reliability or performance and should be kept unchanged as much as possible, and HO based solution provides more flexibility for connected mode load balancing.  It also concludes that HO based and cell reselection based LB are best fitted for different LB scenarios, but there is no need to coordinate these two approaches for LB purposes because the coordination increases the complexity without convincing improvements to performance or reliability.
2 Discussion
Mobility load balancing can be achieved for UEs in both connected mode and idle mode by means of HO and cell reselection respectively, and for each mode both inter-frequency and intra-frequency scenarios apply. The correct setting of HO and cell reselection parameters plays a key role for achieving optimal mobility load balancing, and these parameters are correlated to one another. In this paper, investigation is made on if and how this correlation may affect mobility load balancing performance for the following four separate cases:
· UE connected mode, intra frequency

· UE connected mode, inter frequency

· UE idle mode, intra frequency

· UE idle mode, inter frequency

2.1 UE Connected Mode

2.1.1 Intra Frequency

In this case, HO should be used to achieve mobility load balancing and HO parameters should be negotiated between the two cells via mobility setting change procedure, while cell reselection parameters should be kept unchanged.
Therefore it is proposed that:

Proposal 1: For connected mode intra-frequency load balancing, HO based solution should be used and mobility parameters should be negotiated. Cell reselection parameters should be kept unchanged and there is no need for HO-cell reselection parameters coordination.

2.1.2 Inter Frequency

There is not much of a difference for inter frequency compared with intra frequency when UE is in connected mode. Load balancing can be achieved via hand over and no need for cell reselection parameters negotiation between cells. Furthermore, hand over can be optimized by mobility setting change procedure for intra LTE case and for IRAT case proper thresholds can be fine tuned to avoid unnecessary IRAT HOs.
Proposal 2: For connected mode inter-frequency load balancing, HO based solution should be used and mobility parameters should be negotiated. Cell reselection parameters should be kept unchanged and there is no need for HO-cell reselection parameters coordination.

2.2 UE Idle Mode

It is important to remember that the major part of a cell’s load is made up of the number of active UEs and their payload. Cell reselection can be used for MLB, but usually MLB operates at seconds while cell reselection adjustment and optimization may operate at tens of seconds or even more, making it hard to follow the dynamics of fast fluctuations in traffic patterns. Therefore, cell reselection should follow the ordinary cell size (so called long term planning) which may be more related to CCO.
2.2.1 Intra Frequency
For intra frequency idle mode load balancing, it is better to work with connected mode mobility (i.e., hand over) and leave the idle mode parameters unchanged:

· In connected mode, tuning can be made per UE or per cell relation. In idle mode there is only one value per cell so there is less flexibility.

· If the cell reselection boundaries are tuned, coordinating the changes with the connected mode handover parameters will be needed if we want to keep the UE in a cell that is not the best after connection. It is also needed to coordinate between cells for both cell reselection and handover parameters in order to avoid ping-pongs. In total 3 coordination schemes are needed whereas if connected mode parameters for load balancing are used and the cell reselection parameters are kept unchanged, only one scheme will need to be coordinated (i.e., hand over parameters negotiation via mobility setting change procedure).

There might be cases when a UE camps onto a cell (cell1) based on cell reselection, a HO may occur shortly after the cell reselection so the UE will be handed over to another cell (cell 2) based on load balancing need. After that the UE will stay in cell 2 given the HO parameters between these two cells are tuned via mobility setting change procedure until another HO condition is met or RLF occurs so the UE leaves that cell. This can be considered as a “short stay” in cell 1 without further ping-pong effect once the UE ends up in cell 2, and this one extra handover immediately after connection will not have significant impact to performance due to the fact that it happens one time and can happen only to a fraction of UEs at cell borders.
Based on these observation it is proposed that:

Proposal 3: Idle mode intra-frequency load balancing does not bring additional benefits and should not be used for load balancing, instead handover based load balancing should be used in connected mode and the cell reselection parameters should be left unchanged.
2.2.2 Inter Frequency

Inter-frequency idle mode load balancing differs from intra-frequency case in the following way:
· Cells on the same frequency (intra-frequency cells) share the same spectrum, and the margin for intra-frequency load balancing (either it is connected mode or idle mode load balancing) is not very large and the potential gain is therefore limited. Cells on different frequencies, on the other hand, use adjacent spectrum resources and are therefore orthogonal from the spectrum point of view. If there is coverage from more than one carrier frequency, the UE can easily be moved between those carriers without a penalty on the system performance.

· Parameters and idle mode cell reselection mechanisms can also be different. In the intra-frequency case, the cell reselection is based on plain RSRP cell ranking. The UE evaluates the RSRP measures of the different cells (possibly with some offset) and reselects the strongest (highest ranked) cell. The same mechanisms may be used in the inter-frequency case, if the frequencies are assigned equal cell reselection priority. However, for inter-frequency and inter-RAT cell reselection, the network may assign different cell reselection priority for the different frequencies. (Frequencies belonging to different RAT shall be separated on different priorities.) When the prioritized cell reselection is used, there is a range of different thresholds and other parameters to control the cell reselection between the frequency/priority layers. In this case, a coordination of these parameters may be beneficial. 

Upon that, it is proposed that:

Proposal 4: For idle mode inter-frequency load balancing, cell reselection should be used and cell reselection negotiation following the long term planning which is mainly relevant for the purpose of CCO may be beneficial.

3 Conclusion and Proposal
The strength of the proposed solution is that it is applicable for intra- and inter- frequency and by separating the two (active and idle MLB) we can achieve load balancing while keeping the implementation complexity at low level. Therefore, it is proposed that:
Proposal 1: For connected mode intra-frequency load balancing, HO based solution should be used and mobility parameters should be negotiated. Cell reselection parameters should be kept unchanged and there is no need for HO-cell reselection parameters coordination.

Proposal 2: For connected mode inter-frequency load balancing, HO based solution should be used and mobility parameters should be negotiated. Cell reselection parameters should be kept unchanged and there is no need for HO-cell reselection parameters coordination.

Proposal 3: Idle mode intra-frequency load balancing does not bring additional benefits and should not be used for load balancing, instead handover based load balancing should be used in connected mode and the cell reselection parameters should be left unchanged.
Proposal 4: For idle mode inter-frequency load balancing, cell reselection should be used and cell reselection negotiation following the long term planning which is mainly relevant for the purpose of CCO may be beneficial.
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