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1 Introduction and Abstract

In the WID for SON in R10 [1] three main use cases were defined. One of them is Mobility Load Balancing (MLB) enhancements. According to the WID, these enhancements may concern load information that is exchanged for MLB purposes, or inter-RAT issues.
The paper describes a problem related to the reliance of UL LB. It is shown that the information that was agreed to be exchanged for LB purposes in Releases 8 and 9, though sufficient for DL, may be not enough in case of UL. It is because of additional limitations that have to be considered in UL.
The paper was originally presented at 3GPP RAN3 #68 meeting as [2], but not technically discussed.
2 Background information

Load information that can be exchanged between eNBs for LB purposes consists of following elements [3]:

· Hardware load information (4 codepoints, separately UL and DL)

· S1 TNL Load Indicator (4 codepoints, separately UL and DL)

· Radio Resource Status (GBR usage as percentage, total and for 2 service groups, separately UL and DL)

· Composite Available Capacity Group (percentage of available EUTRAN resources, separately UL and DL)

Especially the last information is relevant. It is assumed an eNB should take into account all existing limitation, including its hardware, backbone, radio and OAM reservations, and derive a single indicator that corresponds to the amount of cell’s bandwidth (number of PRBs) that can be offered for load balancing.
3 Discussion

3.1 Problem definition
A congested eNB may request composite load information from its neighbours and select users for the load balancing action. However, in order to avoid degrading service quality of users that are to be handed over, it must estimate the amount of resources its selected users will consume at the target. 
The problem is that in the amount of resources allocated in the UL depends on the TX power of the terminal. The latter on the other hand is controlled by the target cell after the HO takes place. The control relies on the power control parameters that are used at the candidate cell and depends on the UL pathloss to that cell. In order to make the estimation the congested cell must either be provided with this information, or assume it based on the knowledge it possesses. The latter approach is obviously risky and unreliable.

There is also a collateral problem related to the UL: even if there is enough resources in the UL to accept the user at the neighbour cell, it does not yet mean the connection can be handed over there. It is possible that due to higher attenuation (as a result of load balancing action the user will probably be connected to a cell with worse radio propagation conditions) the required TX power of the UE will be higher than its technical capabilities.
It must be remembered that a connection usually consists of both direction, UL and DL. And that the experienced quality is only as good as the worse of the two directions. Therefore, even if the DL LB works fine, problems with UL may jeopardise the overall reliability of load balancing.
3.2 Proposed solution

Both of the problems described above can be avoided if the necessary information is made available to the congested cell prior to the LB action.
The UL power control is described in TS 36.213 [4]. It depends on P0 parameter (a combination of P0_nominal and P0_UE), which is specific for the connected UE. Also cell-specific  parameter is used. Other factors, like the pathloss to the candidate cell can be estimated from the RSRP measurements reported by the UE: the difference between the RSRP measurements to the current and the target cell corresponds to the difference of the pathloss values. The latter statement is correct if the Tx powers of both cells are the same. Since it may not always be true, it is recommended to exchange the TX power values between eNBs.
Once the TX requirement for the UE is known and it does not exceed the capability of the UE, the UL load level at the candidate cell must be estimated. This depends on the overall interference received at that cell. 

To summarise, there are four values that are relevant for the correct estimation of UL resource need and the TX power of the UE:

P0:
The value, for subframes 0 and 1, is UE-specific, but it is provided by higher layers (defined in TS 36.213 [4]). For the purpose of the LB the highest value possible at a cell could be provided (as a sum of the P0_nominal and P0_UE).
:
The parameter is specific for a cell and therefore the momentary value can be signalled to the neighbours (defined in TS 36.213 [4]).

PTX
The value of the DL RS TX power, that the eNB is required to measure according to TS 36.214 [5], can be signalled to the neighbours.

IUL:
The Received Interference Power, that the eNB is required to measure according to TS 36.214 [5], can be signalled to the neighbours.
The problem of estimation of the UL resources concerns mainly load balancing based on the composite load information. It is therefore natural to correlate the additional information needed with the UL composite load. For example, the additional information elements could be added to the Composite Available Capacity Group IE used on X2AP.
4 Summary
In the presented document the problem related to the reliability of the UL has been presented. In brief, due to the information missing at the congested cell the load balancing action may result in blocked or handicapped UL connection, which in turn will decrease the overall quality of the session. It is proposed:
1. To agree on the relevance of the problem and discuss possible solutions.

2. If no better option is proposed, to agree that the parameters proposed in chapter 3.2 in this paper are to be added to the composite load information. 

A corresponding text proposal for the TR 3.023 is presented below. Also, a stage-2 CR is proposed to be agreed [6].
5 Text proposal for TR 3.023
	*** First change, omitted text not changed ***


4.6
Mobility Load Balancing optimisation (MLB) enhancements

4.6.1
Use Case description

MLB solution defined in R9 is based on two assumptions: an eNB that is a potential target for a MLB action offers certain amount of resources, but the estimation of the capacity needed for a given user is done in the eNB that serves the user. It is therefore important to enable the latter to estimate the resource utilisation at the target properly.
In the DL the estimation can be done quite precisely based on RSRP/RSRQ reports from the UE. However, similar information is not available for UL. The use case aims therefore at providing to the eNB that considers initiating MLB action all the information needed to estimate UL resource utilisation at the target eNB.
4.6.2
Required functionality

Each eNB that is capable of MLB initialisation should be informed, besides the load information defined in R8 and R9, about following settings of neighbour eNBs:
P0:
The value, for subframes 0 and 1, is UE-specific, but it is provided by higher layers (defined in TS 36.213). For the purpose of the MLB the highest value possible at a cell could be provided (as a sum of the P0_nominal and P0_UE).

:
The parameter is specific for a cell and therefore the momentary value can be signalled to the neighbours (defined in TS 36.213).

PTX
The value of the DL RS TX power, that the eNB is required to measure according to TS 36.214, can be signalled to the neighbours.

IUL:
The Received Interference Power, that the eNB is required to measure according to TS 36.214, can be signalled to the neighbours.
4.6.3
Evaluation criteria and expected results

4.6.4
O&M requirements for radio related functions

4.6.5
Solution description 
4.6.5.1
Impacted specifications and interfaces

The information needed to provide necessary robustness of the UL MLB may vary in time. It is therefore natural to enable it as part of the X2 Load Management function.
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