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1, Introduction
As the continuously development of mobile telecommunication industry, more and more cellular networks have been widely deployed and being commercial operating.  Since the cellular networks evolves in a rather smoothly manner, it has become an obvious reality that almost every network operator possesses two or three coexistent networks (RATs) that are operating at the same time. However, with the current different network architecture and operation mechanism, it is very difficult and inefficient for the operators to manage and operate the diverse co-existent networks in a coordinated manner as well as to enforce a well-defined co-operation across the RATs. This issue was raised in 3GPP and a concept of Multi-RATs Resource Management (MRM) was proposed as a promising mechanism to deal with it [1]. The intention of MRM concept is to achieve better user experience (QoE), efficient resource usage, higher network capacity and easier maintenance, especially in a multi-vendor environment.
In [2], the potential deployment scenarios and use cases for Multi-RAT joint coordination were proposed. In light of the abovementioned intention, potential deployment scenarios and use cases, this contribution is intended to elaborate the potential functions of the MRM concept in the subsequent sections.
2, Discussion
The following list gives the potential logical functions performed within MRM concept:

-
Multi-RAT Information Management Functions
-
Multi-RAT Load management Functions
-
UE Service and Traffic Awareness Functions

-
Coordinated Radio Resource Utilization Functions
-
Interference Coordination Functions

-
Access and Control Functions

-
Mobility Management Functions
-
Multi-RAT Coordinated Operation Functions
2.1 Multi-RAT information management
2.1.1 Multi-RAT information collection

MRM may be capable of collecting the information from multiple RATs. Each RAT can provide its operational information e.g. load status, radio usage and interference condition, and MRM can then have a whole picture of the operational information among the RATs. 
2.1.2 Multi-RAT information interpretation
MRM may be capable of interpretation the different message and information that are from each concerning RATs.
2.1.3 Multi-RAT information exchange

MRM may work as inter-working function to implement the information exchange among the RATs. 
2.2 Multi-RAT load management
2.2.1 Multi-RAT load balancing

The multi-RAT Load Balancing functionality permits UEs that are entering into an access network to be re-directed to an appropriate RAT in a manner that achieves load balancing between RATs. This could be achieved by setting proper parameters for each RAT, such that the probability of the UE selecting an RAT is configurable. This set can be provisioned by the MRM instead of relying on the OAM. Besides, currently we already have some inter-RAT load balancing mechanism, but such inter-RAT LB is mainly between two specific RATs, and now we can consider multi RATs at the same time.
2.2.2 Multi-RAT load re-balancing (RAT-specific offload)
The multi-RAT Load Re-balancing functionality permits UEs that are connected to an RAT to be moved to another RAT. Different RATs may have their Load Balancing parameters exchanged and adjusted beforehand through the MRM in order to avoid and/or handlie overload situations in a particular RAT
2.3 UE service and traffic awareness

This functionality enables the UE steering by being aware of UE service and traffic. With the awareness of UE service and traffic, the UE can be steered to an appropriate RAT while taking its QoE into account. E.g. a better CSFB performance may be achieved.
2.4 Coordinated radio resource utilization
This functionality is concerned with the allocation and maintenance of radio communication paths in the radio access network. The MRM may take into account the different RATs radio condition and provides additional RRM strategy in order to perform efficient radio resource utilization among these RATs while keeping satisfied UE QoE.
This functionality allows the radio resource coordination by assigning the radio resource among different RATs in a more efficient, flexible and less-interference manner. E.g. one particular RAT can reserve some radio resource then another RAT can use these radio resources. This might be beneficial to the dynamic spectral utilization.

2.5 Interference coordination

This functionality allows the interference coordination by assigning the radio resource among different RATs in a less-interference manner. The interferences herein include inter-RAT interference, inter-freq interference, etc. E.g. one particular RAT can select some proper radio resource then it may reduce the interference to other concerned RATs especially when dynamic spectral utilization is applied. 
2.6 Access and control functions

2.6.1 Access network selection

This functionality allows the idle mode UE to select an access network from which to gain connection and radio resource. Since the current access network selection procedure varies for different access technologies, it is expected that the MRM can enable the access network selection in a coordinated manner by e.g. a coordinated radio configuration among multiple RATs through MRM.

2.6.2 Admission and access congestion control function

The purpose of admission control is to determine if the requested resources are available, and then reserve those resources. Furthermore, the access congestion should be a desirable functionality for MRM.
2.7 Mobility management functions
Currently, a HO between different RATs comes with too many Inter-RAT signaling, such as the signaling for HO between LTE core network and UMTS core network. Using MRM functionality, it would be possible to considerably reduce both HO signaling overhead and latency.
2.8 Multi-RAT coordinated operation

This functionality enables the coordination of operation among different RATs. In case different RATs are deployed in an overlaid, the MRM may provide a mechanism to dynamically control the network topologies by e.g. cell breathing/splitting. 
Summary and proposals

In this contribution, we try to list all the potential functionalities with the MRM concept. The MRM concept enables improving the management and operation for the multiple RATs. The potential functionalities were analyzed and they are predicted to be well applicable to the scenarios and use cases defined for this Rel.12 SI. It is therefore proposed to consider these functionalities in the study.

The descriptions of the functionalities are also proposed to be added to the TR [3], as presented below.
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The following list gives the potential logical functions performed within MRM concept.:

-
Multi-RAT Information Management Functions
-
Multi-RAT Load management Functions
-
UE Service and Traffic Awareness Functions

-
Coordinated Radio Resource Utilization Functions
-
Interference Coordination Functions

-
Access and Control Functions

-
Mobility Management Functions
-
Multi-RAT Coordinated Operation Functions
X.1 Multi-RAT information management
X.1.1 Multi-RAT information collection

MRM may be capable of collecting the information from multiple RATs. Each RAT can provide its operational information e.g. load status, radio usage and interference condition, and MRM can then have a whole picture of the operational information among the RATs. 
X.1.2 Multi-RAT information interpretation
MRM may be capable of interpretation the different message and information that are from each concerning RATs.
X.1.3 Multi-RAT information exchange

MRM may work as inter-working function to implement the information exchange among the RATs. 
X.2 Multi-RAT load management

X.2.1 Multi-RAT load balancing

The multi-RAT Load Balancing functionality permits UEs that are entering into an access network to be re-directed to an appropriate RAT in a manner that achieves load balancing between RATs. This could be achieved by setting proper parameters for each RAT, such that the probability of the UE selecting an RAT is configurable. This set can be provisioned by the MRM instead of relying on the OAM. Besides, currently we already have some inter-RAT load balancing mechanism, but such inter-RAT LB is mainly between two specific RATs, and now we can consider multi RATs at the same time.
X.2.2 Multi-RAT load re-balancing (RAT-specific offload)

The multi-RAT Load Re-balancing functionality permits UEs that are connected to an RAT to be moved to another RAT. Different RATs may have their Load Balancing parameters exchanged and adjusted beforehand through the MRM in order to avoid and/or handlie overload situations in a particular RAT
X.3 UE service and traffic awareness

This functionality enables the UE steering by being aware of UE service and traffic. With the awareness of UE service and traffic, the UE can be steered to an appropriate RAT while taking its QoE into account. E.g. a better CSFB performance may be achieved.

X.4 Coordinated radio resource utilization

This functionality is concerned with the allocation and maintenance of radio communication paths in the radio access network. The MRM may take into account the different RATs radio condition and provides additional RRM strategy in order to perform efficient radio resource utilization among these RATs while keeping satisfied UE QoE.
This functionality allows the radio resource coordination by assigning the radio resource among different RATs in a more efficient, flexible and less-interference manner. E.g. one particular RAT can reserve some radio resource then another RAT can use these radio resources. This might be beneficial to the dynamic spectral utilization.

X.5 Interference coordination

This functionality allows the interference coordination by assigning the radio resource among different RATs in a less-interference manner. The interferences herein include inter-RAT interference, inter-freq interference, etc. E.g. one particular RAT can select some proper radio resource then it may reduce the interference to other concerned RATs especially when dynamic spectral utilization is applied. 
X.6 Access and control functions

X.6.1 Access network selection

This functionality allows the idle mode UE to select an access network from which to gain connection and radio resource. Since the current access network selection procedure varies for different access technologies, it is expected that the MRM can enable the access network selection in a coordinated manner by e.g. a coordinated radio configuration among multiple RATs through MRM.

X.6.2 Admission and access congestion control function

The purpose of admission control is to determine if the requested resources are available, and then reserve those resources. Furthermore, the access congestion should be a desirable functionality for MRM.

X.7 Mobility management functions
Currently, a HO between different RATs comes with too many Inter-RAT signaling, such as the signaling for HO between LTE core network and UMTS core network. Using MRM functionality, it would be possible to considerably reduce both HO signaling overhead and latency.
X.8 Multi-RAT coordinated operation

This functionality enables the coordination of operation among different RATs. In case different RATs are deployed in an overlaid, the MRM may provide a mechanism to dynamically control the network topologies by e.g. cell on/off and cell breathing/splitting.  
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