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1 Introduction

In RAN2#81 meeting [1], the following agreements were achieved.
	Agreed Scenarios and Requirements and Assumptions

1
WLAN/3GPP Load Balancing improvement (make use of offloading potential in order to increase system capacity)

2
Performance Improvements (WLAN interworking should not result in decreased but preferable in better user experience)

3
Improve utilization of WLAN (if available and not overloaded)

4
Reduce (or at least don’t increase) battery consumption (e.g. due to WLAN scanning/discovery)

6
Our solution should be compatible to any CN solutions and WLAN integration levels that are available today (e.g. Trusted and Non-trusted WLAN through EPC; non-seamless WLAN connected directly to Internet; Multi-Access PDN Connectivity (MAPCON))

9
No need to distinguish Indoor- and/or Outdoor WLAN deployments in our solution

10
Backward compatible on 3GPP and WLAN side (all legacy UEs should still work even though they may not directly benefit from the enhancements)

12
Avoid changes on WLAN radio interface

13
We do not base our solutions on an interface between RAN and WLAN (no standardized interface)


However, the discussion of RAN2#81 meeting [1] did not provide a formal agreement for usage scenarios and expected challenges. Therefore, the following topics were discussed in [2] as follows.
	[81#30]  [Joint/WLAN] (Intel)

-
Discuss usage scenarios and expected challenges with existing WLAN interworking solutions. 

-
Based on this list, companies are encouraged to quantify the problems as well as the expected benefit of proposed solutions (company contributions to the next meetings). 

=>
Intended outcome: Email discussion report to RAN2-81bis listing usage scenarios and expected challenges.


In this contribution, we focus on the potential detailed scenarios and use cases based on the agreed deployment scenarios, and aim to provide considerations on the potential challenges for the scenarios and requirements of WLAN/3GPP RAN level interworking.
2 Discussions
WLAN/3GPP interworking is already supported at the core network level, including both seamless and non-seamless mobility to WLAN. In order to further improve user experience, resource utilization and management flexibility in RAN, RAN level enhancements for WLAN interworking should be investigated.
According to the RAN2’s agreement that "our solution should be compatible to any CN solutions and WLAN integration levels that are available today", it implies to focus on the scenarios that only consider RAN impact [2]. 
As shown in Fig.1 and Fig. 2, there are two main scenarios.
Scenario 1: Standalone Deployment
Scenario 2: Collocated Deployment
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Fig.1: Standalone Deployment
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Fig.2: Collocated Deployment

For standalone deployment scenario of (e)NBs and WLAN APs, RAN level information does not need to be exchanged between (e)NBs and APs. However, for collocated (e)NBs and WLAN APs deployment, RAN level information exchange between (e)NBs and APs may be possible via non-standardized internal interface. Some information exchange (e.g. load information, UE information) may be possible via OAM and CN in both scenarios [2]. 
2.1 Detailed scenarios and related use cases
During [81#30] Email discussion for WLAN/3GPP radio interworking [2], several detailed scenarios were proposed to develop based on scenario 1 and 2, which are summarized as below.
1) Single 3GPP node is deployed with single WLAN AP

2) Single 3GPP node is deployed with multiple WLAN APs

3) Single WLAN AP is deployed with multiple 3GPP nodes
4) Multiple 3GPP nodes is deployed with multiple WLAN APs

Actually, we believe that there can be several WLAN APs within the coverage of a single 3GPP cell. In other words, it is desirable to only extend Scenario 2 by allowing a 3GPP node to exchange information with more than one WLAN AP via non-standardized interface. 
Proposal 1: Non-standardized interface is only available in scenario 2.
Furthermore, we think scenario 2 (i.e. collocated deployment) should introduce the cases for geographical and logical collocated deployments. As shown in Fig.3a, it means that the WLAN APs is located in the same site of 3GPP node for geographical collocated deployment in scenario 2. For logical collocated deployment shown in Fig.3b, the WLAN AP can located in the coverage of 3GPP node’s cell, which is not required to be located in the site of 3GPP node. 
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Fig.3a: Geographical collocated deployment for scenario 2
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Fig.3b: Logical collocated deployment for scenario 2

Proposal 2: Geographical and logical collocated deployment should be supported in scenario 2.
As discussed in [2], some companies suggested some use cases to be considered based on abovementioed scenarios as follows.
Use case A: UE is within 3GPP coverage, is using 3GPP and goes into WLAN AP coverage
Use case B: UE is within 3GPP and WLAN coverage, is using WLAN and goes out of WLAN AP coverage
Use case C: UE is within the coverage area of both, UE using WLAN, overall system performance assessment indicates that that all or a subset of the UE’s traffic should be routed via 3GPP instead
Use case D: UE is within the coverage area of both, UE using 3GPP, overall system performance assessment indicates that all or a subset of the UE’s traffic should be routed via WLAN instead
Use case E: UE using both accesses and overall system performance assessment indicates that UE should be connected to only one (WLAN or 3GPP) or some traffic should be moved to the other access
In order to clearly understand these use cases, Fig. 4a to Fig.4e show the full picutre from use case A to use case E.
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                  Fig.4a: Use case A                                  Fig.4b: Use case B
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Fig.4c: Use case C
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Fig.4d: Use case D


[image: image8.emf]NB/eNB

UE

NB/eNB

UE

NB/eNB

UE

NB/eNB

UE

NB

Fig.4e: Use case E
According to above figures, they show the potential cases for interworking between WLAN and 3GPP. We think RAN2 should firstly investigate these uses cases and confirm their rationality, then can identify challenges for deploying WLAN/3GPP interworking. 
Proposal 3: RAN2 is kindly asked to discuss potential challenges based on the abovementioned use cases for WLAN/3GPP interworking.
2.2 Potential challenges for scenarios and requirements of WLAN/3GPP interworking
In order to identify potential challenges in above uses cases and requirements, it is better firstly to achieve a clear understanding of which existing mechanisms (e.g. interworking in CN level) in current specification are assumed to be applied. If existing mechanisms in current specification can not satisfy the requirements of WLAN/3GPP radio interworking, we should identify and investigate further enhancements. Therefore, we need to find out which mechanisms or functions would be assumed to be deployed in this study, in order to confirm whether these is any impact on RAN mechanisms. [3]

In current specification, there already have some mechanisms (e.g. ANDSF, MAPCON, IFOM) from core network for WLAN/3GPP radio interworking. However, based on these CN mechanisms/functions, UE only can select WLAN or 3GPP network by itself according to the static or semi-static policy/information (e.g. the access technology type, SSID of WLAN) indicated by core network [4], which can not fully utilize RAN level information to achieve more optimization effect. 
Compared with current specification, some potential issues for WLAN/3GPP interworking can be summarized as below.
1) UE selects the WLAN AP to access without control of the cellular operator;

2) RAN/WLAN level information (e.g. channel quality, load condition, UE mobility speed) is not considered for network selection, which is also not beneficial for performing load balance between 3GPP RAN and WLAN. 

3) UE only can perform blind scanning for WLAN APs without information from 3GPP node, which causes lots of power consumption.

Furthermore, in order to achieve RAN level WLAN/3GPP radio interworking, it is desirable to perform dynamic (compared with static or semi-static) control/scheduling to UE. Therefore, existing RAN mechanisms should be analyzed to identify whether can be reused for WLAN/3GPP interworking scenarios. More specification, further considerations for challenges based on requirements of WLAN/3GPP interworking are listed in Table 1 as below.
Table 1: Considerations for impact factors and potential challenges for WLAN/3GPP interworking
	
	Existing mechanisms in 3GPP spec
	Impact factors
	Considerations for potential challenges
	Information Negotiated between WLAN/3GPP

	WLAN/3GPP load balancing improvement
	1) Handover

2) Redirection
	1) Load information

2) UE mobility speed
3) UE capability
	1) UE has no knowledge of the existence of WLAN APs from 3GPP RAN node in current specification.
2) UE need to know there is WLAN access opportunity.
3) Avoid service interruptions.
4) Restriction of high mobility UE for WLAN access.
	1) Load information

2) Access opportunity of WLAN


	WLAN utilization improvement

	1) ANDSF
	1) Load information

2) UE mobility speed

3) Radio link quality

4) QoS requirement of traffics
	1) Real-time traffic (e.g. VoIP) can not be offloaded to WLAN.
2) Restriction of UE speed for WLAN network
	1) Load information



	Reduce battery consumption

	
	1) WLAN measurement related information (e.g. SSID of WLAN AP, threshold for WLAN signal strength, frequency point)

2) Measurement gap pattern
3) Measurement interval
4) WLAN measurement/scanning opportunity

5) DRX supported for WLAN measurement 
	1) UE has no knowledge of the existence/location of WLAN APs from 3GPP RAN node in current specification

2) Association information for WLAN scanning (e.g. SSID of WLAN AP, threshold for WLAN signal strength, frequency point, etc)

3) Lack of mechanism for WLAN scanning/measurement in current specification
4) Avoid unnecessary signalling overhead

5) ANR function for WLAN/3GPP needs to be evaluated.
	1) Scanning or measurement opportunity
2) Measurement frame of WLAN

	NW selection
	1) ANDSF

	1) UE mobility speed

2) Load information
3) Radio link quality
4) QoS requirement of traffics
	1) Timely notification of WLAN existence
2) Automatic turn on WLAN module based on network condition.
	1) Load information


Proposal 4: The abovementioned impact factors (e.g. load information, radio link quality, UE mobility speed and QoS requirement of traffics) and considerations should be discussed in RAN2 for identifying challenges for WLAN/3GPP interworking.
Proposal 5: In order to reduce battery consumption, WLAN measurement mechanism introduced in Inter-RAT measurement of 3GPP spec should be discussed in RAN2 for WLAN/3GPP interworking.
3 Conclusion
We suggest that following proposals are discussed and agreed:
Proposal 1: Non-standardized interface is only available in scenario 2.
Proposal 2: Geographical and logical collocated deployment should be supported in scenario 2.
Proposal 3: RAN2 is kindly asked to discuss potential challenges based on the abovementioned use cases for WLAN/3GPP interworking.
Proposal 4: The abovementioned impact factors (e.g. load information, radio link quality, UE mobility speed and QoS requirement of traffics) and considerations should be discussed in RAN2 for identifying challenges for WLAN/3GPP interworking.
Proposal 5: In order to reduce battery consumption, WLAN measurement mechanism introduced in Inter-RAT measurement of 3GPP spec should be discussed in RAN2 for WLAN/3GPP interworking.
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