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1 Introduction
In the last RAN#62 meeting, a new SI was agreed aiming to explore means for enhancing multi-RAT operations in a holistic framework to improve inter-RAT coordination [1].
The objective of this Multi-RAT coordination SI as agreed is to identify the general scenarios and requirements for Multi-RAT coordination. Also, candidate solutions could be studied based on the output.
In this paper, we will discuss about the potential Multi-RAT coordination schemes and related issues.
2 Discussion
Considering the coordination, usually there will be two general schemes: distributed and centralized, which should also be applied for the Multi-RAT coordination since different schemes have different pros and cons and also require different changes to the network and also different operators may have different preferences.
Proposal#1: Both distributed and centralized Multi-RAT coordination schemes should be considered in this SI.
2.1 Distributed Multi-RAT coordination scheme
2.1.1 Scheme description

One straightforward method is to use the distributed Multi-RAT coordination scheme. In this method, Multiple RATs, e.g. LTE, (e)HRPD and WLAN, need to exchange necessary information with each other via existing/enhanced interfaces between each other and make decisions based on the exchanged information and the distributed coordination algorithm.
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Figure 1. Distributed Multi-RAT coordination

2.1.2 Issues

Firstly, we need to consider what kind of distributed Multi-RAT coordination procedure we want to apply, e.g. which entity could initiate the Multi-RAT coordination procedure and how to initiate the procedure.
Then we also need to identify what kind of Multi-RAT coordination functionalities and signaling do we need to support the procedure, e.g. mobility management, load management, etc. 
After that, we need to analyse whether these interface functionalities could be well supported by current existing interfaces between different RATs. If no, then we need to consider how to enhance existing interfaces to achieve the purpose.
Proposal#2: Both the procedure and interface functionalities for the distributed Multi-RAT coordination scheme should be well studied in this SI.
2.2 Centralized Multi-RAT coordination scheme

2.2.1 Scheme description

One method is to use the centralized Multi-RAT coordination scheme. In this method, a new Multi-RAT coordinator entity needs to be introduced to the network. Multiple RATs, e.g. LTE, (e)HRPD and WLAN, need to access to the centralized Multi-RAT coordinator via standardized interfaces and then exchange necessary information with the centralized Multi-RAT coordinator. Then the coordinator will make decisions based on the gathered information from different RATs and/or after coordination with other coordinators.
Note: There could be multiple Multi-RAT coordinators in the network since it’s impossible to just use one Multi-RAT coordinator to handle the whole network.
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Figure 2. Centralized Multi-RAT coordination

2.2.2 Issues

Firstly, we need to consider what kind of centralized Multi-RAT coordination procedure we want to apply, e.g. which entity could initiate the Multi-RAT coordination procedure and how to initiate the procedure.

Then we also need to identify what kind of Multi-RAT coordination functionalities and signaling do we need to support the procedure, e.g. mobility management, load management, etc. 

After that, we need to standardize interfaces between the centralized Multi-RAT coordinator and different RATs with those identified interface functionalities to support the centralized Multi-RAT coordination scheme, which could also include the characteristics and mediums of the interfaces.
Besides, since there must be multiple centralized Multi-RAT coordinators to cover the whole network, we need also to consider the interfaces between different centralized Multi-RAT coordinators and the procedure they coordinate and cooperate with each other.

Proposal#3: The interfaces and interface functionalities between the centralized Multi-RAT coordinator and different RATs and also between different centralized Multi-RAT coordinators, as well as the procedures for the centralized Multi-RAT coordination scheme should be well studied in this SI.
2.3 Comparison between the two schemes

There are pros and cons for both of the Multi-RAT coordination schemes.
1. For the centralized Multi-RAT coordination scheme:

The pros are:

1) Easy to converge. Since there is a centralized Multi-RAT coordinator, it could make the final decision for the area it charges based on the gathered information and decision-making algorithm.

2) Overall optimization due to the centralized Multi-RAT coordinator.

The cons are:

1) A new centralized Multi-RAT coordinator entity needs to be specified and standardized.

2) The interfaces between the centralized Multi-RAT coordinator and different RATs need to be specified and standardized.

3) The interfaces between different centralized Multi-RAT coordinators need to be specified and standardized.

4) Low robustness considering the broken of the centralized Multi-RAT coordinator.

5) High computing-capability is required for the centralized Multi-RAT coordinator.

2. For the distributed Multi-RAT coordination scheme:

The pros are:

1) More robust since there is no centralized control entity.

2) No need to introduce new entities to the network.

3) Could reuse existing interfaces as much as possible.
4) No high computing-capability requirement.

The cons are:

1) The convergence is relatively low compared with the centralized Multi-RAT coordination scheme.
2) The performance may be sub-optimal compared with the centralized Multi-RAT coordination scheme.
Proposal#4: We need to consider the pros and cons of both Multi-RAT coordination schemes while designing detailed solutions in this SI.
3 Conclusion

In this paper we analyze two different Multi-RAT coordination schemes, discuss the possible issues and make comparison between the two schemes. The following proposals are made:
Proposal#1: Both distributed and centralized Multi-RAT coordination schemes should be considered in this SI.
Proposal#2: Both the procedure and interface functionalities for the distributed Multi-RAT coordination scheme should be well studied in this SI.
Proposal#3: The interfaces and interface functionalities between the centralized Multi-RAT coordinator and different RATs and also between different centralized Multi-RAT coordinators, as well as the procedures for the centralized Multi-RAT coordination scheme should be well studied in this SI.
Proposal#4: We need to consider the pros and cons of both Multi-RAT coordination schemes while designing detailed solutions in this SI.
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