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1
Introduction
In RAN3#83 an initial discussion was carried out to outline the areas where enhancements should be studied for the topic of RAN Sharing. A way forward was captured in [1], suggesting to focus work on the following aspects:

1. S1 Overload procedure

2. MLB

3. PWS may have some regulatory requirements that forbid the use of Shared PWS core. In order to explore whether any alternative solution other than the one specified in TS 23.251 is needed that has any impact on RAN3, it was decided for RAN3 to clarify the regulatory obligations with SA1. Hence, as a first action, it was decided to send an LS to SA1. 

In this paper an initial analysis of the topics listed above is provided and a way forward is outlined.

2
Scenarios analysis for RAN Sharing Enhancements 
As pointed out in the agreed way forward in [1], PWS work should be postponed to when regulatory requirements are clarified and a need to enhance current RAN Sharing mechanisms for PWS is identified. Hence, this section will focus on the MLB and S1 Overload cases.

2.1
Mobility Load Balancing

With regards to load balancing, the starting point of scenarios in TS22.101 is that operators sharing one or more cells may have a resource allocation limit per cell different from each other. Hence, the need to apply different load balancing policies to UEs depending on the sharing operator (i.e. PLMN) they are connected to arises.
However, the following should be considered in order to properly evaluate this scenario:

· Mobility Load Balancing is done on UEs that are in conditions that allow for load balancing handovers, e.g. UEs at cell edge, UEs using specific services (for example, services more resilient to packet losses):

· Therefore, it would be inaccurate to “blindly” perform mobility load balancing only for UEs connected to a certain sharing operator that exceeded its resource limit, because such UEs might not be suitable for mobility load balancing.

· Mobility Load Balancing may be performed to reduce overall load in highly loaded cells. Such load may be generated by specific UEs, e.g. UEs in challenging channel conditions consuming data intensive services:

· Therefore, 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 

· Mobility Load Balancing, namely handing over UEs to neighbour cells, may not be appropriate if QoS can still be guaranteed within a cell. Namely, if there are unused resources in the cell that can be employed to ensure sufficient QoS for all UEs such resources may be used instead of forcing mobility load balancing actions:

· Therefore, even if resources of a sharing operator in a shared cell are exhausted, it should be possible to avoid mobility load balancing if spare unused resources are available in the cell to guarantee sufficient QoS for all UEs

Given the points above the following observation can be made:

Observation 1: The event of a sharing operator exceeding its allowed resource limit in a shared cell shall not mandate the RAN to take mobility load balancing actions

With the above analysis in mind, it is acknowledged that current mobility load balancing mechanisms lack the possibility to report per PLMN or per PLMN-group load levels. 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.
Observation 2: In order to gain an understanding of per sharing operator resource utilisation it may be useful to report information related to cell load (e.g. information contained in X2: Resource Status Update message) on a per-PLMN basis

2.2
S1 Overload

In light of the discussions in section 2.1 it can be stated that RAN knowledge of per sharing operator resource utilisation may be beneficial also to S1 Overload functions applied to RAN sharing scenarios.

In order to understand how S1 Overload Procedures may benefit of per sharing operator (e.g. per PLMN) load utilisation, Figure 1 is presented.
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Figure 1: Example of RRC establishment rejection based on per-sharing operator load
In Figure 1 it is shown that when a UE accesses a shared cell it will indicate the “Establishment Cause” in RRCConnectionRequest and it will indicate the Selected PLMN ID (out of those read in SIB1) in RRCConnectionSetupComplete.

If the eNB keeps track of the resource utilisation per sharing operator, i.e. whether resources for one or a group of PLMN IDs exceed a pre-established limit, and if all the MMEs where the UE can be connected are in overload, then the eNB can selectively release RRC establishments according to the rules indicated in the Traffic Load Reduction Indication IE contained in the S1:Overload Start.
Namely, the eNB is able to release RRC establishment for sharing operators exceeding their resource allowance, if needed.

With the above in mind it appears that no enhancements are needed for the case of S1 Overload functions supported over shared networks.

Observation 3: In case of S1: Overload Start procedures, the RAN is able to selectively release RRC connections depending on the resource utilisation of the sharing operator selected by the UE 
3
Conclusions
In this paper an analysis of the main scenarios under study in the RAN Sharing Enhancements SI have been analysed. The paper discusses that Mobility Load Balancing based on shared operator resource utilisation should be applied at RAN discretion, depending on UE conditions and available resources.

The paper also outlined that there may be advantages in indicating load related parameters on a per PLMN basis. 

The scenario concerning the S1 Overload Start procedure was also discussed. It was shown that the RAN has sufficient information to release RRC connections in a selective way, depending on the monitored resource utilisation per sharing operator.

The following is therefore proposed:

Proposal: it is proposed to include Section 2.1 and Section 2.2 in the TR for RAN Sharing enhancements, or in general to agree to the observations in such sections. 
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