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1. Introduction
In RAN WG3 #55bis (R3-070562) the use case of self tuning of handover parameters for load balancing was agreed and included in TR3.018. The simulation results presented in [1] and valid for WCDMA systems were then completed by simulations performed for LTE system as part of [2].
This document proposes to extend the scope of that use case to the idle mode scenario, in order to distribute the UE in idle mode by means of tuning of cell reselection parameters.
2. Scenario description
As discussed in [1], the goal of a self optimising approach for the tuning of mobility parameters is to improve the system capacity compared to static/non-optimised mobility parameters and to minimize human intervention in the network management and optimization tasks.
In addition to the case of the handover, i.e. when the UE is in active mode and the UE mobility is controlled by the network, the case of idle mode mobility, i.e. the selection of the most suitable cell for load balancing purposes, should be considered for the following reasons:
(a):
aligned behaviour between idle and active mobility, reducing the need for subsequent handover at the RRC connection request.
(b):
balancing of uplink load (e.g. RACH) in idle-to-active transition

It has to be noted that the reason (a) aims at reducing the number of handovers due to load balancing for stationary UEs, while the tuning of handover parameters is still needed to handle the load balancing for UEs moving towards the cell border while in connected mode. It is worth noting that the reduction of load-based handover occurrences (a) has positive effects on the signalling and processing power requirements for network equipments. Moreover, load balancing applied in idle mode has the advantage that it acts before the application of the Admission Control function of the congested cells. Hence, each feature can be beneficial as a stand alone one. The joint application of both mechanisms is expected to provide overall further benefits.
While (a) is applicable to both downlink and uplink load balancing, (b) is mainly related to uplink load.
3. Load balancing mechanism

The mechanism for load balancing in idle mode could be based on the following steps/functions:

1. Monitoring of load in the cell and in the neighbour cells;
2. An algorithm identifies the need to distribute the load between two adjacent cells;
3. The cell reselection parameters are modified and the modification is signalled to the UEs by means of BCCH System Information change indication. Any additional signalling is not required;
4. Also the handover parameters for active users are adjusted in a coherent way with respect to the idle mode setting, in order to avoid handover procedures back to the source congested cell;
5. According to the cell reselection rules, part of the UEs at the cell border, reselect the less congested cell;
6. In the new situation, the cell load due to UEs accessing the cell is reduced.
In step 1, the monitoring of cell load and the signalling between adjacent eNodeBs are in principle the same as for the handover case, assuming that uplink and downlink load information are exchanged also in that case. Also the periodicity of the process is the same as for the handover case.
In step 3, since the load balancing depends on the load of the serving cell and of the surrounding cells, the cell reselection parameters should modify the cell border between the serving and the target neighbour cell, while keeping the same relationship between the serving and the other neighbour cells, as well as between the target and the other neighbour cells. As a matter of example, the cell reselection parameters Qoffset1(s,n) or Qoffset2(s,n) [3] allow a pair-wise setting, i.e. a different value can be set for a pair of cells, where “s” is the serving and “n” is the related neighbour cell. The possibility to set such kind of parameter in a pair-wise manner, allows a load distribution between two cells without adjusting the cell reselection parameters of the other neighbour cells, in the same way as for the handover case. 
The Qoffset is provided here as example, Other cell reselection parameters broadcasted by the serving cell may be used depending on the implemented self-tuning algorithm.

4. Simulation results

The benefits of load balancing by means of self tuning of handover parameters have been shown in [1] and [2], the latter in a reuse-3 pattern case.

It has to be noted that in a reuse-1 frequency allocation scenario, intra-frequency load balancing could be more critical, due to the uplink interference generated by the so-called near-far effect. Hence the self-optimisation function should take carefully into account the noise rise in the serving and in the surrounding cells and tune the cell reselection parameters accordingly. 
Investigations from [4], also reported in this section, aim at showing that, given the above described benefits, Uplink interference can be taken under control, e.g. applying a suitable self tuning settings of Qoffset parameters.
For this purpose a WCDMA system simulation scenario has been evaluated, taking into consideration symmetrical services (i.e. voice), that could be considered more critical for uplink interference control. While the simulation results are not available yet for the LTE system, it is believed that similar gains to those achieved by optimising HO parameters in the WCDMA system can be also obtained in the LTE.
Moreover simulation results do not show gains expected for RACH capacity, as described in previous sections.
The main simulation assumptions are given in Table 1.

Table 1 - General parameter settings and simulation assumptions.
	Cell Layout
	Hexagonal ideal scenario
	

	
	Covered Area
	2.2 x 2.2 km2

	
	Number of omni-directional cells
	7

	
	Cell radius (R)
	500 m

	Service Type
	Voice users
	SF = 128

	Propagation
	Model
	Macrocell

	
	Minimum Coupling Loss (MCL)
	70 dB

	
	Shadowing
	 = 0 dB (No shadowing)

	Cell Selection
	Quality measure at UE’s location
	CPICH Ec/I0

	Admission Control
	Common algorithm based on UL pole capacity and DL power 
	


In the considered scenario, a higher number of users are assumed to be confined inside cell BS_ref (i.e. the over-loaded reference cell) with respect to the number of users served by the other neighbour cells. Homogeneous users distribution within the cell are also assumed.

Performance metrics used to evaluate the behaviour of the self tuning mechanism are:

· blocking probability (Admission probability);
· average number of served users;
· average load factor for the uplink and downlink (UL and DL).

In Figure 1 some results related to the capacity gains are reported. 
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Figure 1 - Total admission probability (left) and average number of served voice users (right) without self tuning mechanism (darker) and with self tuning mechanism (lighter).

The mitigation for the uplink of the near-far effect based on Qoffset proper regulation are described hereafter.

Load factor values for the uplink direction are presented in Figure 2 for the reference cell BS_ref (BS6 in the figure) and three neighbour cells (BS3, BS4 and BS5). It can be seen that the self tuning mechanism will lower the load factor in the neighbour cells, given that the inter-cell interference decreases when users are reselected to these cells. On the other hand, in BS6 the auto-tuning mechanism may lessen the load factor given that users are redirected to BS3, BS4 and BS5. However, if too many users originally served by BS6 re-select the neighbour cells, the inter-cell interference may rise and consequently the load factor.
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Figure 2 - Average uplink load factor measured in each base station without and with self tuning mechanism.

5. Conclusions

Simulation results reported above indicate that achievable gains in terms of admission probability and number of served users are possible when a self tuning mechanism for cell reselection Qoffset is applied for load balancing purposes. If the over-loaded condition occurs in a cell due to the downlink, gains can be achieved by moving idle mode users to the neighbour under-loaded cells and no drawback or limitations exist (the larger the number of users requiring high bit rate in downlink considered, the higher the gain due to downlink power and/or codes).
Moreover it has been shown that the load balancing by means of cell reselection works properly in intrafrequency reuse 1 scenario, keeping under control uplink interference due to the near far effect, with a suitable tuning of parameters, e.g. range of the Qoffset.
In the carried out investigations the voice service was considered, in order to investigate which results can be achieved in non best-case scenarios. Even better results can be expected when high demanding services in downlink are considered also within the context of LTE.
6. Proposal

In order to support the load balancing for UEs in idle mode, the following modifications are proposed to the current HO only use case. The coordination between reselection and HO self-tuning should be later considered if the two features are applied simultaneously. Anyway, each feature can be beneficial as a stand alone one and the joint application of both mechanisms is expected to provide overall further benefits.
It is also propose to introduce the use case in a proper annex of TS 36.300
******** Proposed changes to TR 03.018 ********
6.21.5.3 Use Case 3: Cell Reselection / Handover Parameters Optimisation Example

The following text is one example of cell reselection \ handover parameters optimization.

Scenario description: Cell reselection / Handover parameters optimization
· Objective: Optimisation of cell reselection / handover parameters to cope with the unequal traffic load and fight local congestion.
· Scheduling: Periodic or on event
· Input source (all input optional depending on algorithm): 
· UE measurements on the signal strength of current cell and its neighbours

· Current cell load, based on eNodeB and/or UE measurements

· Cell load of neighbouring cells signalled through X2 (or other) interface

· Event counters likecell specific call drops or handover failures

· NMS/EMS configuration data

· Planning tool data

· …
· Functionality: an algorithm decides to distribute the UEs camping and/or delay or advance handing of the UEs over between cells and thus to balance the traffic load between cells.

· Actions:

· Modify cell reselection and/or handover threshold and/or hysteresis parameters.

· Inform peer eNodeBs of the action (optional)
· Expected results: Increased capacity of the system. Minimized human intervention in network management and optimization tasks.

Example (Informative description): 
Self-optimisation of the intra-system mobility parameters to the current load in the cell and in the adjacent cells can improve the system capacity compared to static/non-optimised cell reselection/handover parameters and to minimize human intervention in the network management and optimization tasks.
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