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1 Introduction 
A new SI named “Study on Multi-RAT joint coordination” is approved in RAN#62 with the following objectives [1]:
“The objective of this study item is to identify the general scenarios and requirements for Multi-RAT coordination; and based on the output, candidate solutions could be studied. Thus, the following objectives should be part of this study item:
· 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.”

We understand that the first objective of scenarios and use cases is relevant with the second objective of potential benefits and functionalities. Furthermore, the scenarios and use cases where Multi-RAT coordination would be useful for steering of UEs among different RATs would be different from those for efficient multi-RAT joint radio resource coordination for an operator to enable, e.g. spectrum re-farming. In another word, the scenarios and use cases where Multi-RAT coordination can be categorized into:
· Scenarios and use cases for steering of UEs among different RATs;
· Scenarios and use cases for efficient multi-RAT joint radio resource coordination for an operator to enable, e.g. spectrum re-farming 
Observation 1: the scenarios and use cases of multi-RAT coordination can be categorized into multi-RAT UE steering scenarios and use cases, and spectrum refarming scenarios and use cases.
Proposal 1: RAN3 is kindly proposed to differentiate the scenarios and use cases for multi-RAT UE steering from those for spectrum refarming and discuss them separately.
In this contribution, we describe the scenarios and use cases for 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.
2 Discussion on Scenarios for Multi-RAT UE Steering
In this section we describe the scenarios for multi-RAT UE steering. There are many combinations of different RATs. These combinations can be categorized according to their standardization organizations as the following:
· Intra-3GPP (e.g. LTE and UMTS/GSM)
· 3GPP and 3GPP2(e.g. LTE and CDMA)
· 3GPP and IEEE (e.g. LTE and WLAN).
From another angle, the scenarios for multi-RAT UE steering can be classified into the following two types, according to UE states and UE capabilities:
· Idle UE
· Single RAT standby
· Dual/multi RAT standby
· Connected UE 
· Single connectivity
· Dual/multi connectivity
In the following subsections, we demonstrate the characteristics of the scenarios.
Scenario 1: Idle UE（Single RAT Standby）
There are some common characteristics for the multimode UE with single RAT standby capability:
· Such device supports only one tunable transceiver at one time. 
· The device shall camp on one of multiple radio networks (2G/3G/LTE) based on the system availability and priorities required by other principles. Simultaneous 2G/3G Voice and 4G Data cannot be supported. 
· The device should require PS-CS interworking functionalities, for example, inter-RAT measurement, cell-reselection. The device could receive SMS through the camped PS network. 
· The device should also require PS-PS interworking functionalities, for example, inter-RAT measurement, cell-reselection.
For UE with single RAT standby capability, only one standby RAT can be selected, how to find and select the suitable standby network should be an important issue which may be related with UE’s power consumption and may impact user’s potential service experience. While LTE is deployed, it is normally that LTE would be as the preferred camped network for all UEs, but this is not flexible enough for the whole network resource usage. Therefore, a more flexible and personalized camping network selection solution for UE with single RAT standby capability should be studied.
Scenario 2: Idle UE（Dual/Multi RAT Standby）
There are some common characteristics for the UE with dual or multi standby capability:
· Such device supports two or more independently tunable transceivers. 
· Such device supports simultaneous camping in a PS network (such as LTE) and CS network (such as 2G/3G system, GSM, UMTS or CDMA). 

· Such device usually interacts with the PS network and the CS network like two devices and there is no protocol level coordination. That is, PS-CS network interworking is not required. For example, the following functionalities: inter-RAT measurement and cell-reselection are not required.
· Such device supports 4G PS network and 3G PS network, but usually not camping on both of them at the same time. So PS-PS network interworking would be required. For example, inter-RAT measurement and cell-reselection are required.
UE with dual or multi RAT standby capability usually could support simultaneous 2G/3G Voice and 4G Data, which brings better user’s potential service experience. However, considering the cost, design complexity of device and the issue of power consumption,  some alternative schemes, for example, the device only simultaneous camping, but not necessarily receiving and transmitting in a PS network and CS network are also being studied. Therefore, a more flexible, high-performance and personalized network selection or interaction with network solution for UE with dual or multi RAT standby capability should be studied.
Scenario 3: Connected UE（Single Connectivity）
There are some common characteristics for the UE with single connectivity capability:
· Such device supports only one connection with one of multiple radio networks (2G/3G/LTE) based on the system availability and priorities required by other principles. Simultaneous 2G/3G Voice and 4G Data cannot be supported. 
· The device should require the PS-CS interworking functionalities for supporting voice service, for example, inter-RAT measurement, CSFB and SRVCC. 
· The device should also require PS-PS interworking functionalities for inter-RAT mobility, for example, inter-RAT measurement, cell-redirection and handover.
For scenario 3, different RATs have different coverage and capability. For example, GSM, UMTS, CDMA 1x and CDMA HRPD have much better coverage. GSM, UMTS and CDMA 1x support voice call while HRPD and LTE/WLAN provide higher data throughput. UE could be selected to connect with one of them based on its service pattern with information of time and location which could be recorded by network. A UE stays in the office could be connected to LTE or WLAN for better data throughput while a UE on vehicle could be connected to GSM/UMTS/CDMA.
Scenario 4: Connected UE（Dual/Multi Connectivity）
There are some common characteristics for the UE with dual or multi connectivity capability:
· Such device supports two or more independently tunable transceivers. 
· Such device supports simultaneous connection with a PS network (such as LTE) and CS network (such as 2G/3G system, GSM, UMTS or CDMA). That is, such device supports simultaneous 2G/3G Voice and 4G Data. 
· Such device interacts with the PS network and the CS network like two devices and there is no protocol level coordination. That is, PS-CS network interworking is not required. For example, the following functionalities: inter-RAT measurement, CSFB and SRVCC are not required.
· Such device supports 4G PS network and 3G PS network, but usually not operating on both of them at the same time. So PS-PS network interworking would be required. For example, inter-RAT measurement, cell-redirection and handover are required. 
· Such device usually maintains circuit domain voice service performance during simultaneous operation at expense of reducing packet domain service maximum transmit power level.
· Furthermore, for UE with WiFi module and multi standby capability:
· Cellular module and WiFi module in the device operate independently.
· In the overlap area of Cellular and WiFi, the WiFi usually has priority over Cellular network for data applications.
· Such device supports simultaneous transmission with LTE network and WLAN, flow-based or service-based offload can be applied.
· Users could set whether or not use cellular data for a specific application.
· The interference between Cellular and WiFi would exist.
For this scenario, in one way, the multiple connectivity between LTE and UMTS/GSM/CDMA 1x could be established as UE keeps CS and PS domain connectivity separately with different RAT, e.g., LTE and GSM. This scheme could improve user’s experience since CSFB is not required from time to time and UE is able to get voice and data service simultaneously. 
In another way, the dual RATs system might be designed to target load balancing between two systems, e.g., LTE and CDMA HPRD, and correspondingly the UE’s throughput gets improved. The latter idea resembles the dual connectivity concept from current RAN2 SCE SI. However, further discussion is required. For example, whether UE keeps dual/multi RRC connections or the second RAT only provides resources without changing UE RRC state should be studied.
For the case of multi connectivity including WiFi, current LTE and WLAN interworking already covers the requirement of traffic steering between LTE and WLAN. In this SI, the more efficient and flexible scheme between LTE and WLAN for camping, network selection and split data transmission should be considered.
3 Discussion on Use Cases for Multi-RAT UE Steering
In this section, we discuss the use cases for multi-RAT UE steering. According to the SI objective statement “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”, these factors can be categorized into the following:
· Input factors, incl. service type, processing capacity, backhaul constraints and/or traffic load
· Optimization objectives, incl. user experience and mobility enhancement

Thus basically we can elaborate the use cases with regard to the optimization objective:
Use case 1:  power saving
Use case 2: enhancement of service experience
Use case 3: optimization of mobility experience
Use case 4: hotspot discovery
Use case 5: network load balancing
We demonstrate the use cases with their applicable scenarios and potential benefits in the following subsections.
Use case 1:  power saving
Power efficiency is one of the determination factors for a good user experience. Since UE have only very limited battery, power saving should be bear in mind during the multi-RAT selection. The power characteristics of LTE/UMTS/CDMA/GSM/WLAN have been investigated extensively. And the comparison among these different RATs are presented in [2]
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According to these prior arts, there is a tradeoff between the power consumption level and the capability of these RATs. With the evolution of network capacity from GSM to LTE, the user device becomes more and more complex. For example, the LTE devices must incorporate MIMO and typically operate at higher power level. Consequently, LTE is less power efficient during idle state and for transferring smaller amount of data than UMTS/CDMA/GSM. On the contrary, GSM consumes less energy for voice and small data.
On the other hand, power consumption is intimately related to the characteristics of the workload and not just the total transfer size, e.g., a few hundred bytes transferred intermittently on LTE can consume more energy than transferring a megabyte in one shot. For the bulk data transfer like file downloading, LTE outperforms other RATs such as UMTS/CDMA/GSM in terms of power efficiency.
It should be noted that WLAN always has higher power efficiency than LTE/UMTS/CDMA/GSM for all transfer size. One reason is the LTE/UMTS/CDMA/GSM has to stay in high power states after completing data transfer and before entering into idle state. It incurs high power overhead compared to WLAN. Moreover, the data transfer through WLAN is generally happen in local area. The smaller communication distance correspondingly reduces the power consumption of UE. With the popularity of LTE small cells deployments, this factor may be weakened. Though the WLAN is advantageous over other RATs, it is not wise to rush to WLAN all the time. The performance of WLAN degrades greatly under highly contention environment. It is not appropriate for the workload with stringent QoS requirements.
Observation 2: LTE/UMTS/CDMA/GSM/WLAN has different power consumption characteristics. All the factors, such as the device complexity, workload characteristics and coverage, impact the power consumption.
Based on the above observation, it is natural to consider the multi-RAT coordination from the perspective of power saving. For example, multi-RAT coordination may be performed based on the characteristics of different RAT and workloads and to find the best match between them. For example, the WLAN is the proper power efficient RAT for best effort data transmission. If the data transmission amount is hudge, LTE is more suitable for the data rate stringent transmissions. If the QoS is required but the data rate is low, then 3G/2G is more suitable for the transmission, for example, the voice. 
Proposal 2: The UE specific multi-RAT coordination from the perspective of power saving should be considered.
Use case 2: Enhancement of Service Experience
Service experience/QoS is another determination factor for a good user experience since it can be felt by users directly, such as quick download, smooth and clear online video and so on. With upgrade of cellular network from 2G/3G to LTE and widely deployment of WLAN hotspots, 2G/3G/LTE/WLAN will co-exist in a long time; how to make use of all of networks (e.g. 2G/3G/LTE/WLAN) to provide better service experience is an issue to be in need of attention.

LTE can support bigger bandwidth and higher rate than 2G/3G and even WLAN, which is normally the preferred network to achieve better service experience, but when LTE is loaded heavily/overloaded, the service experience in LTE may decrease obviously, e.g. the available bandwidth may be reduced or the access may be rejected, then to help UE select another suitable network is a way to ensure service experience as much as possible, e.g. 3G can support web browsing and IM very well, WLAN can support on-line video and download better than 3G, multi-RAT coordination may help UE select a suitable network from multi-RATs to achieve better service experience by considering UE’s service type and the conditions of the RAT (e.g. loading, signal strength).
And each RAT has its own available radio resources which may not be used by UE simultaneously now, the resource coordination of multi-RAT could be considered to achieve better service experience, e.g. more bandwidth can be provided by dual connectivity among different RATs.

 Observation 3: Service experience might be improved by a suitable selected network from multi-RAT and dual connectivity among multi-RAT.
Proposal 3: The UE specific multi-RAT coordination from the perspective of service experience oriented enhancement should be considered.
Use case 3: Optimization of Mobility experience
Mobility experience is one of the core aspects of user experience. User experience of inter-RAT mobility may include：
· User observed service discontinuity during RAT change;
· User observed change (especially drop or boost) of throughput in terms of download or upload speed or content/webpage loading latency;
· User observed frequent change of RAT (e.g. frequent inter-RAT HO) or short stay time of RAT.
Some procedure enhancement based on multi-RAT coordination may facilitate to improve inter-RAT mobility experience.
Observation 4: Some procedure enhancement based on multi-RAT coordination may facilitate to improve inter-RAT mobility experience.
Proposal 4: Optimization of mobility experience should be considered in multi-RAT coordination SI.
Use case 4: Hotspot Discovery
It is well known that user distribution appears some degree of heterogeneity. At hotspots, users could be very dense and traffic volume per site could be very huge. At such spots, operators are likely to deploy hotspot base stations and such stations are likely to support LTE and WIFI to address the huge traffic demand. From user perspective, hotspot deployment can be considered as a type of specialized access service, and the availability or reachability of hotspot is also important for user experience. However, existing SI/WIs including hetnet mobility enhancement [3]  and small cell enhancement-physical layer aspect [4] only considers intra-LTE small cell (hotspot) discovery.  Within the scope of multi-RAT coordination SI, we think multi-RAT hotspot discovery can be considered to improve the availability and reachbility of hotspots of a second RAT to users of a first RAT. Specifically, the following directions can be considered:
· Inter-RAT coordination to enhance the discovery probability and efficiency of hotspot of a second RAT, also taking into account
·  the on/off of hotspots;
· Reusing existing intra-RAT approaches studied in hetnet mobility enhancement and small cell enhancement-physical layer aspect as much as possible;
· Mechanisms and procedures to support efficient inter-RAT hotspot discovery and the subsequent mobility process (e.g. latency reduction).
Proposal 5: Hotspot discovery should be considered in multi-RAT coordination SI.
Use case 5: load balancing
Load balancing among multi-RAT networks is a key requirement for operators with multi-RAT networks. It not only helps to maintain the service quality of each network, but also helps to reduce CAPEX and OPEX of operators in the long term. Being aware of load imbalance, network can steer UEs from a heavy load network to a lower load network. However, such kind of steering may have negative impact on user experience. For example, a lower load network may not be the best network from user perspective and load-balancing-oriented UE steering may lead to the degradation of QoS, mobility performance, or power saving. Also such steering may increase the reselection frequency among different RATs and thus deteriorate the mobility performance. With the benefits and losses of load balancing, some tradeoff between optimization of user experience and network load balancing. As a result, both of them should be considered in RAT selection policies. In fact, inter-RAT load balancing has been partially studied for many years. However, the tradeoff between load balancing and user experience can be further studied in multi-RAT coordination SI.
Proposal 6: The tradeoff between load balancing and user experience should be further studied in multi-RAT coordination SI.
4 Conclusion and proposals
In this paper, we discussed scenarios and use cases for steering of multi-RAT UEs. According to the above analysis, the following proposals are raised in RAN3:
Proposal 1: RAN3 is kindly proposed to differentiate the scenarios and use cases for multi-RAT UE steering from those for spectrum re-farming and discuss them separately.
Proposal 2: The UE specific multi-RAT coordination from the perspective of power saving should be considered.

Proposal 3: The UE specific multi-RAT coordination from the perspective of service experience oriented enhancement should be considered.
Proposal 4: Optimization of mobility experience should be considered in multi-RAT coordination SI.
Proposal 5: Hotspot discovery should be considered in multi-RAT coordination SI.

Proposal 6: The tradeoff between load balancing and user experience should be further studied in multi-RAT coordination SI.
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