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1. Introduction
In RAN#62 meeting, the new SI on “study on multi-RAT joint coordination” has been approved [1]. The objectives of this SI can be divided into three categories as follows:

a. Scenarios
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b. Potential functionalities and enhancements 
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c. Requirement 
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In this paper, we would like to provide our initial considerations on these objectives. 
2.  Scenarios 
Nowadays, the coexistence of various RATs causes the wireless network to further diversify, as elaborated in Fig. 1 (different colours indicate the areas covered by different radio technologies): 

· Spectrum diversity: each RAT is allocated with isolated spectrum resource, and the available spectrum band covers from low frequency band to high frequency band. In current wireless network, each site can be served by several spectrum bands at the same time (e.g., up to seven bands spectrum [2]). 
· Access technology diversity: From 2G to 4G, tremendous changes happened in the wireless networks, and almost the technologies of all generations are playing critical roles in our life today. For each generation, different access technologies are supported, such as 2G includes GSM and CDMA, 3G includes WCDMA, CDMA2000 and TD-SCDMA, 4G includes LTE-TDD and LTE-FDD. Moreover, WiFi, as a very popular technology providing hotspot access, becomes an indispensable part of our lives. In current wireless network, each site can be served by multiple RAT technologies at the same time.
· Coverage diversity: depending on the operating spectrum, different RATs can provide different coverage, such as low-frequency macro coverage layer, high-frequency capacity layer and WiFi hotspots. Moreover, even for the same RAT, the coverage area may be different, e.g., the LTE system supports macro cell, pico cell and small cell. In current wireless network, each site can be served by different layers at the same time. 

Based on the above observation, we propose 
Proposal 1: The SI should identify the scenarios from perspectives of spectrum, access technologies and coverage layers. 
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Fig. 1 Diversity of wireless network
From the SI description, the multi-RAT coordination is performed among LTE, UMTS, GSM, CDMA and WLAN. One possible understanding is that such SI aims at defining a unified coordination mechanism to cover all RATs. As a matter of fact, very few (none) operator can support all RATs. Thus, it seems that the mechanism covering all RATs is unnecessarily complex. Therefore, we propose 

Proposal 2: The SI should decide whether the multi-RAT coordination is designed for all existing RATs together or for operator specific RATs.  
Traditionally, the coordination can be carried out in centralised way or distributed way. For centralised method, a central controller should be defined, which has been considered in NGMN studies [3]. With this controller, the complete information can be derived to achieve the network-wide optimisation. However, a big challenge is how to control the processing load of such controller. For distributed method, the coordination is performed among base stations and/or access points, and no new entity is required in the network. However, the coordination may introduce more signalling overhead and it is difficult to achieve the network-wide optimisation. Considering the pros and cons of two ways, we propose 
Proposal 3: The SI should determine the way of multi-RAT coordination: centralised or distributed. 

3. Potential functionalities and enhancements
According to the SID, two main directions on multi-RAT coordination are given:
· Traffic steering 

· Joint radio resource coordination. 

1) Traffic steering

With the growing population of Smartphones, most of the user equipments are now able to access different RATs. Traffic steering can be considered as allowing UEs to select the optimal RAT for access, i.e., all traffics of a UE are moved from one RAT to another. Furthermore, the services of a single UE can be distributed among different RATs taking into account channel condition, service type, load status and processing capability of each RAT. Moreover, traffic steering, to optimise the network resource utilisation, can be implemented to achieve the load balancing among cells/RATs by considering the backhaul constraints and/or traffic load in different RATs. 
Proposal 4: The SI should study the traffic steering from the perspectives of both UE and network.

Mobility support is crucial when implementing traffic steering. How to efficiently support multi-RAT mobility is one of the key challenges in multi-RAT coordination. Therefore, the SI should take actions to reduce the signalling overhead and mobility latency. Moreover, the increase of mobility would result in more failures, which requires the enhancement on the MRO to optimize the mobility parameters.  
Proposal 5: The SI should study the multi-RAT mobility enhancement to reduce the signalling overhead and mobility latency and optimise the mobility parameters. 

2) Joint radio resource coordination
Spectrum re-farming plays a key role in enabling cost effective LTE network migration. With the decrease of GSM usage, several operators consider to allow LTE or UMTS to utilise part of GSM spectrum through joint radio resource coordination. With this method, the spectrum assigned to different RATs of the same operators can be re-distributed among RATs to maximize the spectrum utilisation efficiency. However, the big challenge is the interference control. Thus, the coordination should be able to guarantee that the RAT using other RAT’s spectrum would not introduce the interference to the UEs. 
Proposal 6: The SI should study the joint radio resource coordination to reduce the interference. 

4. Requirements
There are three requirements stated in the SID:
1) Reuse existing RAN interfaces and procedures as much as possible

In current specifications, lots of inter-RAT related functions have been defined, which cover the inter-RAT mobility, inter-RAT information exchange, inter-RAT SON, etc. Thus, to satisfy such requirement, we propose 

Proposal 7: The SI should investigate the existing functionalities and procedures related to inter-RAT coordination in current specifications. 

2) No impact on UE operation and air interface

In our understanding, the UE’s participation is critical in both traffic steering and joint radio resource coordination. UEs may have to report some information about multiple RATs to facilitate multi-RAT coordination, while the network may provide some controls on the UEs to optimise the UEs’ mobility and reduce the interference. Thus, if necessary, RAN2 can be involved in this SI. 

Proposal 8: The SI should involve RAN2 activities when the impact on UEs is identified as necessary.    
3) Possibility to support different architectures/implementations
This requirement is not very clearly described in the SID. Our initial understanding is that different operators have different architectures/implementations in the multi-RAT environment. Therefore, the multi-RAT coordination should support them. 
Proposal 9: The SI should clarify the requirement on support of different architectures/implementations. 

In addition, the multi-RAT coordination indicates the cooperation among cells with different types and the interaction between the network and UEs become more frequent. The energy consumption at both network and UE sides would be an issue. Thus, multi-RAT coordination should improve the energy efficiency besides the spectrum efficiency.

Proposal 10: The SI should consider the energy consumption at both network and UE sides. 

The last sentence of the SI objective reads “the output of this SI should be aligned with the existing specifications of other SI/WIs”. Thus, the SI should take into account the on-going SI/WIs related to multi-RAT coordination:
· UMTS/HSPA and LTE interworking [4]: SI has been finished. 
· WLAN/3GPP radio interworking [5]: SI has been finished and the WI is approved in RAN#62 [6].
· LTE/HRPD inter-RAT SON RAN3 [7]: WI is finished by 80% by RAN#62 [8]. 
Proposal 11: The SI should take deep investigations on on-going SI/WIs related to multi-RAT coordination to avoid the duplicate work. 
5. Conclusion

This contribution looks into objectives of multi-RAT joint coordination SI, and proposes that 
Proposal 1: The SI should identify the scenarios from perspectives of spectrum, access technologies and coverage layers. 
Proposal 2: The SI should determine that the multi-RAT coordination is designed for all existing RATs together or for operator specific RATs.
Proposal 3: The SI should determine the way of multi-RAT coordination: centralized or distributed.
Proposal 4: The SI should study the traffic steering from the perspectives of both UE and network.

Proposal 5: The SI should study the multi-RAT mobility enhancement to reduce the signalling overhead and mobility latency and optimise the mobility parameters. 

Proposal 6: The SI should study the joint radio resource coordination to reduce the interference.
Proposal 7: The SI should investigate the existing functionalities and procedures related to inter-RAT coordination in current specifications.
Proposal 8: The SI should involve RAN2 activities when the impact on UEs is identified as necessary.
Proposal 9: The SI should clarify the requirement on support of different architectures/implementations.
Proposal 10: The SI should consider the energy consumption at both network and UE sides.
Proposal 11: The SI should take deep investigation on on-going SI/WIs related to multi-RAT coordination to avoid the duplicate work.
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Identify the potential scenarios and use cases where Multi-RAT coordination would be useful; including LTE, UMTS, GSM, CDMA and WLAN.





Identify and evaluate potential benefits and functionalities for joint operation among different RATs, including:


Steering of UEs among different RATs, taking into account service type, user experience, processing capacity, backhaul constraints and/or traffic load, and consequent mobility enhancement;


Efficient multi RAT joint radio resource coordination to improve load balancing and for an operator to enable, e.g. spectrum re-farming.





Investigate the potential enhancements of RAN interfaces and procedures to support the joint operation among different RATs as described above, taking into account the following:


Reuse existing RAN interfaces and procedures as much as possible;


No impact on UE operation and air interfaces.


Possibility to support different architectures/implementations. 


The output of this SI should be aligned with the existing specifications of other SI/WIs.
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