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1. Introduction

When deploying LTE, operators’ networks have become a multi-RAT network which integrates all different RATs such as UMTS Terrestrial Radio Access Network  (UTRAN),  E-UTRAN, GSM/EDGE  Radio  Access Network  (GERAN) and Wireless Local Area Network (WLAN). The coexistence of Multiple RATs introduces many operational coordination problems for network operators. To maximize this multi-RAT network’s radio resources for better service performance and provide better QoS with low cost to users, a new study item for Multi-RATs Resource Management (MRM) [1] has been approved at the RAN #62 meeting. The main objectives of this study are as following:
· 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…

This contribution will discuss and propose some potential scenarios for this study item. 
2. Discussion

2.1Background

The NGMN is expected to propose an open and flexible architecture to support different wireless access technologies and provide services and application with different QoS demands. Various Radio Access Networks (RANs) including WLAN will be interfacing the common core network (CN). But operators usually have a complex network with various RATs including WLAN operating separately with each other. For example, as illustrated in figure 1, a GSM network is operating at band f1 and f2 to provide continuous coverage for voice service. A UMTS network (e.g. WCDMA/TD-SCDMA) is operating at band f3 and f4 to provide continuous coverage for both CS service and PS service.  A continuous LTE network for service continuity of data traffic is deployed at band f5. Additionally, WiFi may also be deployed at hotspots in urban area to absorb more data traffic. It means that the operator may operate four RATs at the same time, and the co-existence of various RATs (i.e. LTE/UMTS/GSM/CDMA/WLAN) will remain relevant in the future. At the moment, there is less coordination between different RATs and no uniform mechanism to jointly manage and coordinate different RATs radio resources. Therefore, to maximize multi-RAT radio resources for better service performance, higher network capacity, easier maintenance and better QoS for users, it is necessary to study a global MRM solution.
MRM can bring significant benefits in multi-RAT network scenario. Some key benefits are: 

· MRM can outperform existing  local-based  resource management  methods  in  terms  of  call  blocking probability and capacity gains, in both real-time and non-real time services. 

· MRM benefits can include mechanism for active load balancing, interference coordination, reduction of unnecessary handovers and call dropping between different network layers.

· MRM can provide flexibility deployment for operators depending on the implementation or topology approaches.  

· MRM can provide an integrated and adaptive radio to coordinate and manage the fragmented license spectrum over an entire region of interest through spectrum resource coordination. 

· MRM can enable a common framework for measurement and diagnostic purposes through a unified pool of KPI for multi-RAT services.
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Figure 1: general multi-RAT deployment scenario in urban and rural

2.2Potential use cases for MRM
According to ITU’s vision of Optimally Connected, Anywhere, Anytime [2], the vision aims at the integration of existing and evolving RATs to support data rates up to 100 Mbps for high mobility applications and 1 Gbps or more for nomadic mobility access. This stimulates trends towards a joint MRM study of existing (and possibly new) RATs of different characteristics, each supporting distinct coverage, mobility, data rates and QoS, etc, in a supplementary way.  For MRM study, the following use cases should be considered:
2.2.1 UE/traffic steering

Usually, there will be many layers of radio coverage operating with different RATs, to support various services and provide capacity for high data rate services. With the increase of diverse traffic requirements, the corporation of different RATs for UE/traffic coordination becomes an important issue. There are several SI/WI discussing the related issues. However, there is little study on efficient uniform solutions which can be used among all existed RATs. Take traffic load as an example, usually the load distribution among different layers may not be uniform. In case that, for example, a LTE cell is overloaded or beyond its high load threshold, the cell may have multiple targets to offload its partial load, as described in Figure 2.
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Figure 2: Load migration illustration

In current deployment, inter-RAT MLB will be triggered in this case, which means that, after several round load information exchange, the overloaded cell may select a suitable cell with lowest load among the candidates  to migrate some UEs to the selected RAT. However, some factors e.g. network resource utilization efficiency and UE QoS are not considered in the existing inter-RAT MLB. The reason is that the current RSRP/RSRP measurements and load information may not reflect the SINR precisely of the target cell. In case the migrated UEs experience low SINR in the target, the target may need more radio resources to maintain the same QoS which results in a lower resource utilization efficiency. Otherwise the UE may undergo QoS degradation in the target. Therefore, in the context of considering new factors above, some enhancements of existing mechanism or new mechanisms for UE traffic steering could be considered,  e.g. RAT Selection (based on radio signal condition, load-balancing, service type, operator policy, or UE condition, etc.). In addition, with widely deployed WLAN networks, operators would like offload more traffic to WLAN. Therefore, keeping WLAN in the use case of traffic steering is reasonable.

Use case 1: RAT selection

In current deployment, multi-RATs operated by one operator are the common case. To facilitate multi-RATs operation and reduce OPEX, efficient and uniform RAT selection is necessary. Based on operation policies, different RAT selection criteria may be considered in MRM:
· Radio signal condition based RAT Selection
Under the radio signal based RAT selection policy, the RAT is selected based on the signal measured by the user.
· Load-balancing based RAT Selection

Load-balancing based RAT  selection  aims  to distribute  traffic  load  among  all  available  RATs  in  a multi-RATs scenario. Currently there is no load or traffic information exchange between eNB/RNC and WiFi AC/AP. With the introduction MRM functionalities, it would be possible to gather load information that would be necessary for better offloading decision.

· Service based RAT Selection
Service-class based RAT selection allocates services into a specific RAT based on the class of service, such as voice, video streaming, data, etc.

· Operator policy based RAT selection

Policy based RAT selection allocates incoming services into a specific RAT based on specific rules specified by the network, e.g.  in presence of WiFi coverage.

· UE based RAT selection

UE based RAT selection steers UE/traffic based on the type/condition of UEs, such as priory of the UE, power condition of the UE, etc.

· Access Congestion Avoidance 

With increasing demand for high bandwidth-consuming services such as real-time video and video streaming, a single RAT may not always have enough radio resource to admit access and service to all users, and users may experience high service drop probability. Also in some case of large amount of service request burst, a single RAT may not always have enough radio resource to admit access and service to all users. By adopting MRM solution, a seamless camping and access admission to all users may be possible.
Use case 2: Inter-RATs steering Processing Enhancement 

In current deployments, there are already several existing inter-RATs steering procedures, such as CSFB, inter-RATs mobility, etc. These procedures could be improved, taking inter-RATs mobility and CSFB as examples. 

Vertical HO process durations are in the order of seconds as decentralized decisions are made between different RATs. And this HO also comes with additional Inter-RAT signalling, such as RIM signalling for HO between LTE UMTS. By using an MRM approach, it would be possible to considerably reduce vertical HO signalling and latency.

Also, the service delay due to CSFB procedure is about 8 seconds or above, which has significant impact on the user experience. By considering a MRM solution, it is possible reduce such service delay, thus improving user service experience.
Proposal 1: Agree UE/traffic steering among different RATs including WLAN to guarantee maximization of network resource utilization efficiency and avoidance of user QoS degradation as multi-RAT coordination target use cases.

2.2.2 Joint radio resource coordination
With the highly increased data traffic requirements, the reduced remaining available spectrum and the additional cost for new spectrum, it becomes more important to use the existing spectrum more efficiently. Operators’ 2/3G networks typically use frequencies in various bands, which vary by country and region: 800/900MHz 900MHz, 1800/1900MHz, 2/3G licences are often technology specific (i.e. they can only be used for GSM or 3G). Operators with 900MHz license are often those that entered the market early – with subsequent market entrants holding 1800MHz or 1900MHz spectrum. For example CMCC has1.8G with 20M band for subsequent macro coverage. With deployment of LTE network and user service migration from 2/3G to LTE, 2/3G spectrum resources are becoming less utilized in some area. Since LTE technologies have better capabilities and greater efficiency than 2/3G, dynamic or static re-allocation of 2/3G spectrum to LTE will generate more value for operators and consumers. Currently, fixed spectrum assignment is still used by default. To avoid spectrum waste and using the limited spectrum more efficiently, spectrum refarming use cases, including spacial and temporal inter-RAT joint radio resource coordination, should be considered in the multi-RAT joint operation. In addition, the spectrum refarming should only be considered within the local regulation.  The following paragraphs give some example use cases for spectrum refarming.
Use case 1: Spacial spectrum refarming.

The use case is illustrated in figure 2 using GSM and LTE as the example. Operator may deploy LTE on higher frequency in urban for better capacity density and lower frequency in rural area for better coverage. If there is not enough new spectrum for LTE, spectrum refarming is a natural solution.

As a result of refarming f2 of GSM to LTE, LTE cells and GSM cells at f2 at the refarming edge will receive strong interference from each other. The same issue exists between other legacy RATs e.g. UMTS and LTE if the new LTE spectrum is refarmed from UMTS. The issue will exist widely if the hotspot region based static spectrum refarming is used in many cities.
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Figure 3: Example of special spectrum refarming
Use case 2: Temporal Spectrum Refarming
In scenarios where a large number of people are gathering in the same place, such as the Olympic Games, or in case of some other social event, there may be a burst in voice service request. In such a scenario, the 2/3G network resources may not be sufficient to provide voice service to all users. Figure 4 takes a football game as an example to describe the variation of PS and CS services in all RATs in the game period. As described in figure 4, social network based services are dominant in the network during the game which means that the LTE network may need more spectrums than usual. Voice call may increase rapidly during the half time which means that spectrums refarmed to LTE may need to be returned to GSM or UMTS for CS service.
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Figure 4: traffic variation between PS and CS services during a football game

 Even without any mass event, traffic volume of different service types differs from cell to cell, and varies in short term (hour). Typically CS service has distinct difference between peak time and non peak time for a specific cell. However, PS services usually have no such distinct difference at the same time. The curves in Fig 5 show the variations of CS service and PS service over time from statistics of a real UMTS network. Since the spectrum resource is reserved statically according to the peak requirement, the resource will be wasted in the time when the CS traffic is significantly decreased than busy hours.
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Figure 5: traffic requirements varies in busy hours
Proposal 2: Agree spectrum refarming use cases including spacial and temporal spectrum refarming as multi-RAT coordination target use cases.

2.2.3 Coordinated operation

Another aspect is about the coordinated network operation. Currently, once a particular RAT is deployed, it operates in a rather static manner based on the configuration from OAM, and to a large extent multiple RATs usually operate separately and independently. Then a potential use case is to enable a coordinated network operation e.g. network-controlled cell-breathing and cell splitting among multiple RATs according to MRM policy.

Proposal 3: Agree coordinated network operation as multi-RAT coordination target use cases.

3. Summary and proposals

It is proposed RAN3 to discuss and agreed to the following proposals. 

Proposal 1: Agree UE/traffic steering among different RATs including WLAN to guarantee maximization of network resource utilization efficiency and avoidance of user Qos degradation as multi-RAT coordination target use cases.

Proposal 2: Agree joint radio resource coordination use cases including spacial and temporal joint radio resource coordination as multi-RAT coordination target use cases.

Proposal 3: Agree the TP in section 4 into the new TR for MRM.

4. Text proposal

	*** Fist change ***


 x.xx Use cases for MRM 

Most of the existing RAT Resource Management strategies and algorithms are RAT specific and they are implemented separately for given access networks.  In such current multi-RATs scenario, it is difficult, if not impossible, to jointly manage and coordinate different RATs radio resources for the maximization of operators networks radio resources for better service performance and provided QoS with low costs to users. The following scenarios are considered as multi-RAT Resource Management use cases:
x.xx use cases for UE/traffic steering

Use case 1: RAT selection

In current deployment, multi-RATs operated by one operator is the common case. To facilitate multi-RATs operation and reduce OPEX, efficient and uniform RAT selection is necessary. Based on operation policies, different RAT selection policies may be considered:
· Radio signal condition based RAT Selection
Under the radio signal based RAT selection policy, the RAT enhancis selected based on the signal measured by the user.
· Load-balancing based RAT Selection

Load-balancing based  RAT  selection  aims  to distribute  traffic  load  among  all  available  RATs  in  a multi-RATs scenario. Currently there is no load or traffic information exchange between eNB/RNC and WiFi AC/AP. With the introduction MRM functionalities, it would be possible to gather load information that would be necessary for better offloading decision.

· Service based RAT Selection
Service-class based RAT selection allocates services into a specific RAT based on the class of service, such as voice, video streaming, data, etc.

· Operator policy based RAT selection

Policy based RAT selection allocates incoming services into a specific RAT based on specific rules specified by the network, e.g.  in presence of WiFi coverage.

· UE based RAT selection

UE based RAT selection steers UE/traffic based on the type/condition of UEs, such as priory of the UE, power condition of the UE, etc.

· Access Congestion Avoidance 

With increasing demand for high bandwidth-consuming services such as real-time video and video streaming, a single RAT may not always have enough radio resource to admit access and service to all users, and users may experience high service drop probability. Also in some case of large amount of service request burst, a single RAT may not always have enough radio resource to admit access and service to all users. By adopting MRM solution, a seamless camping and access admission to all users may be possible.
Use case 2: Inter-RATs steering Processing Enhancement 

In current deployment, there are already several existed inter-RATs steering procedures, such as CSFB, inter-RATs mobility, etc. These procedures could be enhanced, taking inter-RATs mobility and CSFB as example. 

Vertical HO process durations are in the order of seconds as decentralized decisions are made between different RATs. And this HO also comes with additional Inter-RAT signalling, such as RIM signalling for HO between LTE UMTS. Using a MRM approach, it would be possible to considerably reduce vertical HO signalling and latency.

Also, the service delay due to CSFB procedure is about 8 seconds or above, which has a significant impact on the user experience. By considering a MRM solution, it is possible reduce such service delay, thus improving user service experience.
x.xx use cases for Joint radio resource coordination

Use case 1: Spacial Joint radio resource coordination

The use case is illustrated in figure 3 using GSM and LTE as the example. The operator may deploy LTE on higher frequency in urban for better capacity density and on lower frequency in rural area for better coverage. If there is not enough new spectrum for LTE, spectrum refarming is a natural solution.

As a result of refarming f2 of GSM to LTE, LTE cells and GSM cells at f2 at the refarming edge will receive strong interference from each other. The same issue exists between other legacy RATs e.g. UMTS and LTE if the new LTE spectrum is refarmed from UMTS. The issue will exist widely if the hotspot region based static spectrum refarming is used in many cities.
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Figure 3: Example of special spectrum refarming
Use case 2: Temporal Joint radio resource coordination 
In some scenarios of mass population gathering in the same place, such as the Olympic Games, or in case of some other social event, there may be a burst in voice service request. In such scenario, the 2/3G network resources may not be sufficient to provide voice service to all users. Figure 4 takes a football game as an example to describe the variation of PS and CS services in all RATs in the game period. As described in figure 4, social network based services are dominant in the network during the game which means that the LTE network may need more spectrums than usual. Voice call may increase rapidly during the half time which means that spectrums refarmed to LTE may need to be returned to GSM or UMTS for CS service.
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Figure 4: traffic variation between PS and CS services during a football game

 Even without any mass event, the traffic volume of different service types differs from cell to cell, and varies in short term (hour). Typically CS service has distinct difference between peak time and non peak time for a specific cell. However, PS services usually have no such distinct difference at the same time. The curves in Fig 5 show the variations of CS service and PS service over time from statistics of a real UMTS network. Since the spectrum resource is reserved statically according to the peak requirement, the resource will be wasted in the time when the CS traffic is significantly decreased than busy hours.

A possible solution is to dynamically re-allocate LTE spectrum resources to 2/3G network for voice service. 
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Figure 5: traffic requirements varies in busy hours
x.xx use cases for coordinated operation

This use case is to enable a coordinated network operation e.g. network-controlled cell-breathing and cell splitting among multiple RATs according to MRM policy
	*** Remaining text not changed ***
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