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1   Introduction

In the SI on RAN sharing, it was agreed to introduce the possibility to introduce load reporting per PLMN. In this paper we discuss this in a bit more detail. We also discuss the proposal to include the PLMN in the MSC procedure and conclude that this is not needed.
2   Background

The problem of MLB in RAN sharing was captured in the TR [1] atRAN3#83bis  is as follows:

Current load-balancing algorithms may be triggered on noticing of imbalance in terms of the overall load in two adjacent neighbor cells. These existing mechanisms are not able to take into account per sharing operator load.

The agreed solutions are captured as:

Load balancing among Shared neighbour cells has to take current Load per PLMN ID and agreed quota per PLMN ID into consideration

3   Discussion
3.1   Resource Status Reporting 

For load reporting enhancements, we believe that the most important question to address is what to report. The load reporting for MLB purposes include PRB usage, hardware resources, transport network resources, and composite available capacity.
As discussed for example in connection of UPCON, it is very much up to the scheduler in the eNB on how the resources are distributed. One eNB may choose to fill up all available PRBs, where another implementation may choose not to do so. Hence, we believe that reporting the PRB usage per PLMN may not give an accurate view of the current situation. For TNL and HW load, the reporting is limited to three code points (high, medium, low). 

Another difference is that the metrics discussed above describe the resource usage. The composite available capacity instead indicates the available capacity, i.e. what the node will be able to accept. We believe that it would be much more beneficial to use this to indicate the load per PLMN since we otherwise need to indicate both the resource usage and the available resources per PLMN. This is discussed a little bit in section 4.z.3 of the agreed ran sharing TR [1]: “Such reporting would allow the RAN to gain an understanding of the resources in use per sharing operator with respect to pre-set resource limits. The latter understanding could help performing load balancing also taking into account per sharing operator resource agreements.”
Reporting available capacity per PLMN would give the node the freedom to select the strategy for setting the resource limits, without having to announce it to the neighbours. As an example, assume the situation where we have one operator A owning the node and offering another operator B to share half of the load. Possible strategies could then be:

· offer up to 50% capacity to operator B, independent of the total resource usage

· offer 50% capacity operator B, in case the cell is overloaded (i.e. if operator A is using the other 50%) and otherwise allow a higher usage.

Hence, if we signal the resource usage, we must also signal the resource limit to the neighbour. But if we signal the available capacity, there is no need to inform the neighbour of this. 
Proposal 1: Agree to signal the available capacity per PLMN

3.2    Mobility settings change

There were also proposals to include the PLMN in the MSC procedure. The motivation is that if we use different handover trigger points for different PLMN it would be helpful to negotiate these with neighbour cells in order to avoid ping pong.

We think that this is related to the discussion on UE grouping in the SON SI. In that SI, the following solutions were defined:

1.
Solution without additional information
The existing information such as load information, Handover Cause Value, measurement configuration, QoS parameters and UE capabilities can be used to assess the reason and the offset used for a handover. The serving eNB can estimate the likelihood of connection failure of the served UEs and trigger handovers to previous serving cells only when needed from a radio conditions point of view. Therefore, current specifications enable an eNB to have enough information for avoiding unnecessary handovers back to the source cell.

2.
Solution with additional information but without pre-defined UE groups.
In this solution the source eNB sends an indication in the handover request to the target eNB to give additional information about each handover.

a.
Signal the offset from the agreed handover trigger used for this handover.

b.
Signal a timer to inform the target that it should not hand over the UE back to source within the given time.

c.
Signal a group identity (defined at source as a bit string) in the Mobility Setting Change procedure; later, the target, if it accepted the new mobility settings, applies the new settings to the UEs handed over successfully with the same group identity signalled in the HO preparations.

3.
Solution with pre-defined UE groups
In this solution, the groups are defined in the standard. The mobility settings change procedure is extended to include negotiation of the predefined groups.

a.
The eNB exchange the group ID in the handover request.

b.
The groups are based on commonly known parameters, like UE capabilities or release or bearer class or UE behaviour (e.g. UE mobility state as known by the network).

The solution of including PLMN in the MSC procedure corresponds to solution 3b, which was down-prioritised from the SI. Instead, two major groups were identified:

· solution 1 and 2a: where the MSC procedure is not touched but instead information in the HO request is used

· Solution 2c and 3a, where a predefined grouping and information in the HO request is used to avoid ping pong

So for example, if different handover triggers are used for different PLMN, a solution similar to the first group can be achieved by either using the existing information in the HO request or by introducing a new delta of the handover trigger for each HO. Similarly, the solutions in the second group can be used by either predefining different PLMN in different UE groups (solution 3a) or by letting each eNB use his own defined groups for different PLMN (solution 2c). 
Observation 1: There is a strong relationship between the discussion of adding PLMN to the MSC procedure and what was discussed in SON for UE grouping.

Further, as captured in section 4.z.3 of the agreed ran sharing TR [1]:

 “… it would be unfeasible to trigger load balancing “blindly” on UEs belonging to a sharing operator exceeding its resource limit unless such operator is serving specific UEs causing the overload, e.g. high data demanding UEs in challenging channel conditions”

As highlighted, it can be seen that even if we negotiate the handover trigger per PLMN, the actual handover trigger that is used for different UEs may be different from what is negotiated for this PLMN. Therefore, we believe that adding PLMN to the MSC procedure will not provide any solution to the problem. The solution requires the possibility to also differentiate different users within the same PLMN, in a similar way as is possible in the suggested solutions for UE grouping in the SON SI.
Observation 2: Adding PLMN to the MSC procedure will not be a solution

Therefore, we propose to agree adding the PLMN to the MSC procedure is not enough and that the additional requirement of UE grouping per PLMN can be considered in any further work on UE grouping. 

Proposal 2: Agree not to add PLMN to the MSC procedure.

Proposal 3. Take RAN sharing into account for any future discussions on UE grouping.

4   Proposal

We propose:

Proposal 1: Agree to signal the composite available capacity per PLMN

Proposal 2: Agree not to add PLMN to the MSC procedure.

Proposal 3. Take RAN sharing into account for any future discussions on UE grouping.
A text proposal can be found in the Annex.
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6   Annex – Text proposal

<- first change ->
4.z.2 Solutions:

Following high-level solutions have been identified for (a):

1) Load balancing among Shared neighbour cells has to take current Load per PLMN ID and agreed quota per PLMN ID into consideration and this can be achieved by including the possibility to indicate the available capacity (e.g. the Composite Available Capacity) per PLMN to neighbour eNBs
<- next change ->
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