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1 Introduction

Network sharing is a way for operators to share the heavy deployment costs for mobile networks. Moreover, there are more and more emerging business models based on network sharing. In the current mobile telephony marketplace, functionality that enables various forms of network sharing has become critical. 
Several scenarios and use cases of multiple operators sharing radio network resources have been identified in SA1 study on RAN sharing enhancements [1]. As a result, the specific E-UTRAN sharing requirements have been specified in TS22.101 [2]. Consequently the Study Item “RAN Aspects of RAN Sharing Enhancements for LTE” [3] has been approved at RAN#62 for RAN3 to study the requirements and identify the impacts on E-UTRAN in terms of architecture and signalling. In this paper, we intend to share some of our initial consideration on this SI.
2 Discussion
Several requirements are specified in TS22.101 [2]. We discuss further these requirements, associate them with the identified scenarios and use cases in TR22.852 [1], and analyse the potential RAN3 impact.
Allocation of Shared E-UTRAN resources

The shared E-UTRAN resources can be allocated unequally to the Participating Operators. The Hosting E-UTRAN Operator may manage the sharing of the signalling traffic independently from that of the user traffic.
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This set of requirements for allocation of shared E-UTRAN resource is based on the following scenarios and use cases identified in TR22.852:
· Scenario and use case 3 (Use case regarding RAN sharing granularity)

· Scenario and use case 4 (maximizing RAN sharing revenue)
· Scenario and use case 5 (Asymmetric RAN Resource Allocation)
Considering both the requirements and the supported scenarios and use cases, the potentially impacted RAN3 procedures include:

· Handover Preparation
· X2 Setup
· eNB Configuration Update
· Resource Status Reporting
Support for load balancing

Hosting E-UTRAN Operators have the need to optimize E-UTRAN resource usage within the shared E-UTRAN for a particular coverage area. At the same time, the agreed shares of E-UTRAN resources based on a single cell and sector for each Participating Operator need to be respected. Likewise, Participating Operators have the need to optimize their E-UTRAN resource usage among shared and unshared E-UTRAN for a particular coverage area.
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This set of requirements for support for load balancing is based on scenario and use case 9 (Load balancing in shared RAN). Load balancing related RAN3 functions and procedures will be impacted, such as Resource Status Reporting, handover procedures and SON functions relating to load balancing.
MDT Collection

MDT data from a Participating Operator's customer UEs allow the Hosting E-UTRAN Operator to be provided with performance measurements on his Shared E-UTRAN. The Participating Operator is responsible for obtaining and retaining any required user consent related to privacy.
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This set of requirements for MDT collection is based on scenario and use case 2 (MDT Support for RAN operator). And the potential impact may be on RAN3’s aspects of MDT related functions and procedures.
PWS support of Shared E-UTRAN

A Participating Operator potentially has regulatory obligations to initiate the broadcast of PWS messages regardless of E-UTRAN Sharing. 
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This set of requirements for PWS support of shared E-UTRAN is based on scenario and use case 13 (PWS in shared RAN). And the potential impact may be on RAN3’s aspects of PWS related functions and procedures.
Dynamic capacity negotiation

In situations where a need for additional, unplanned, E-UTRAN capacity by a Participating Operator arises (e.g. in the case of big mass-events) the Shared E-UTRAN can provide means to allocate available spare capacity to the Participating Operator. Based on service level agreement between the Hosting and Participating operator such allocation can be automated without human intervention.
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This set of requirements for dynamic capacity negotiation is based on scenarios and use cases 6 (Dynamic RAN Sharing Enhancements) and 7 (On-demand Automated Capacity Brokering). RAN3 need to take into account this dynamic requirement when addressing issues relating to other requirements. 

OA&M Access to the Shared E-UTRAN

Each Participating Operator can have their own OA&M capabilities, which are used for monitoring and for selected operations in a shared E-UTRAN.
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This set of requirements for OA&M access to the shared E-UTRAN is based on the following scenarios and use cases identified in TR22.852:

· Scenario and use case 1 (RAN Sharing Monitoring)

· Scenario and use case 8 (Participating Operator managing allocated resources)
RAN3 may need to wait for more progress made by other working groups (e.g. SA5) before we can identify the potential impact from this set of requirements. 

Generation and retrieval of usage and accounting information

To facilitate inter-operator accounting between Hosting E-UTRAN Operator and Participating Operator the Hosting E-UTRAN Operator needs to record E-UTRAN resource usage by UEs of the Participating Operator.
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This set of requirements for generation and retrieval of usage and accounting information is based on the following scenarios and use cases identified in TR22.852:

· Scenario and use case 10 (RAN Sharing Charging Event Triggering)

· Scenario and use case 11 (RAN Sharing Charging Reconciliation)
RAN3 may need to wait for more progress made by other working groups (e.g. SA5) before we can identify the potential impact from this set of requirements. 
3 Conclusion
In this paper, we have analysed the potential RAN sharing enhancements impacts on RAN3 functions and procedures, considering the requirements specified in TS22.101 as well as the identified scenarios and use cases in TR22.852. It can be observed that
Observation 1: The requirements on allocation of shared E-UTRAN resources may have impact on several RAN3 functions and procedures, such as handover procedures and eNB configuration update procedures.
Observation 2: Some requirements may have impact on specific functions, including

· Load balancing related RAN3 functions and procedures will be impacted by the requirements on support for load balancing.

· RAN3’s aspects of MDT related functions and procedures may be impacted by the requirements on MDT collection.
· RAN3’s aspects of PWS related functions and procedures may be impacted by the requirements on support for PWS support of shared E-UTRAN.
Observation 3: RAN3 need to take into account the requirements relating to dynamic capacity negotiation when addressing issues relating to other requirements.
Observation 4: RAN3 may need to wait for more progress made by other working groups (e.g. SA5) before we can identify the potential impact from the requirements for OA&M access to the shared E-UTRAN and generation and retrieval of usage and accounting information.
It is proposed that 

Proposal: RAN3 kindly take into account the above observations when discussing RAN sharing enhancements.
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The following requirements apply:


The Hosting E-UTRAN Operator shall be able to specify the allocation of E-UTRAN resources to each of the Participating Operators by the following:


a)	static allocation, i.e. guaranteeing a minimum allocation and limiting to a maximum allocation,


b)	static allocation for a specified period of time and/or specific cells/sectors,


c)	first UE come first UE served allocation.





The management and allocation of resources of signalling traffic over the Shared E-UTRAN shall be independent from the management and allocation of resources of the user traffic over the Shared E-UTRAN. 


A Shared E-UTRAN shall be capable of differentiating traffic associated with individual Participating Operators.


A Shared E-UTRAN shall be able to conduct admission control based on the allocated E-UTRAN resources for each Participating Operator.


A Hosting E-UTRAN Operator shall be able to control resource usage taking into account the allocated E-UTRAN resources for each Participating Operator. A means of monitoring the usage of resources shall be provided.


All shared E-UTRAN capabilities offered by the Hosting E-UTRAN Operator shall be individually available for use by each Participating Operator where this is possible.





The following requirements apply:


The capability to perform load balancing on an individual Participating Operator's traffic basis within a shared E-UTRAN shall be supported. 


The capability to perform load balancing on the combined traffic of all the Participating Operators within a shared E-UTRAN shall be supported. 


The capability to perform load balancing between an individual Participating Operator's traffic within a shared E-UTRAN and traffic in that Participating Operator's unshared E-UTRAN where the shared and unshared E-UTRAN coverage overlaps shall be supported.


Note: 	Load balancing capabilities are expected to take into account the allocation of resources to each Participating Operator and the load level for each Participating Operator to the extent possible, so that the principal objective to maximize throughput is not impacted.





The following requirements apply:


When authorized by the Participating Operators, the Hosting E-UTRAN Operator shall be able to collect MDT data of the Participating Operator's UEs connected through its E-UTRAN.





The following requirements apply:


The Shared E-UTRAN shall be able to broadcast PWS messages originated from the core networks of all Participating Operators.





The following requirements apply:


The Participating Operator shall be able to query and request spare capacity of the Shared E-UTRAN, based on policies and without human intervention. 


The Shared E-UTRAN shall be able to allocate spare capacity to Participating Operator, based on policies and without human intervention.





The following requirements apply:


Selected OA&M capabilities for the Shared E-UTRAN, under the control of the Hosting E-UTRAN Operator, shall be accessible by the Participating Operator's OA&M functions


This would allow, for example, the Participating Operator to do the following:


-	test of communication path between the Participating Operator's network elements and the Shared E-UTRAN, 


-	obtain fault reports,


-	retrieve RAN resource usage information.





The following requirements apply:


A Hosting E-UTRAN Operator shall be able to collect events supporting the accounting of network resource usage separately for each Participating Operator. Collected events may be delivered to the subscriber's Participating Operator. This includes:


-	start of service in the Shared E-UTRAN for a UE of the Participating Operator,


-	end of service in the Shared E-UTRAN for a UE of the Participating Operator.








