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1 Introduction

Improved integration of WLAN access points into 3GPP radio access networks is intended to enhance radio resource utilization, network capacity and user perceived performance. At the same time, it should not significantly increase, and preferably decrease, the battery consumption of terminals.
As of today, WLAN access points are mostly deployed independently of the LTE or UMTS access. Only recently somewhat tighter integration on core network level for the purpose of authentication has been observed. But it is still mainly left to UE implementation to discover WLAN APs and to decide proprietarily whether to use it or not. This does not only result in undesirable load distribution and non-ideal performance. It also requires the UE to unnecessary scan for WLAN access which increases the battery consumption. Frequent transitions between WLAN and UMTS/LTE would cause additional control signalling traffic and therefore also increase the battery consumption as well as the load in RAN and CN and should thus be avoided, and unnecessary service interruptions may further be created.

In this paper we will expand on the solution description 3 as defined in the TR [1] introducing a solution working in both idle and connected mode. Section 3 contains an extended description while section 2 describes the reasoning. Conformance to the set of requirements identified in the TR is provided in Section 4. A text proposal updating the solution description 3 can be found in Annex A.  
Based on the description and comparison, the conclusion is that WLAN integration would from a RAN performance and complexity point of view be well served by either a connected mode only or a connected and idle mode combined solution. Both possibilities are having same overall procedural signalling that matches current RRC signalling, enabling flexibility in control.
2 Discussion

In the following sub-sections we briefly discuss the anticipated benefits due to traffic steering, describe briefly the existing mobility mechanisms in idle and connected mode and discuss how they could be extended for WLAN integration.
2.1 Anticipated benefits due to traffic steering
As expressed in the study item and during initial discussions in RAN2, the intention of most operators deployed WLAN APs is to extend the capacity and the experienced performance for users in areas with high load. To achieve that, it is of course necessary that the load is distributed across the access technologies in accordance with their capacity. Furthermore, it is vital that the radio conditions are taken into account so that UEs in good WLAN radio conditions are connected to WLAN whereas UEs in poor WLAN radio conditions stay in LTE or UTRAN. 
Observation 1 A traffic steering algorithm needs to take capacity and load of WLAN APs and (e)NBs as well as radio conditions of UEs into account.
As was observed in recent study items (e.g. eDDA) a large fraction of the UE population run so called back-ground- or inter-active services which create small amounts of data with inter-arrival times of several seconds or tens of seconds. Offloading a UE sending only a couple of bytes every few (tens of) seconds does not help to reduce the load in a cell. In fact, it may even increase the load due to additional control signalling. On the other hand, if it is possible to steer the traffic of a UE performing a file download or a video streaming session to a less loaded node, this has considerable offloading potential. Naturally, the amount of control signalling is negligible compared to the large amount of data being transferred. 
Furthermore, the generated load by a UE depends also on the channel conditions in which the UE is while transmitting or receiving a large amount of data. In particular the UEs sending or receiving significant amounts of data while being in poor radio conditions contribute a lot to the load of their serving cell.
Observation 2 Traffic steering should focus on UEs contributing most to the overload in their serving cell.

As RAN2 observed, for background- and inter-active services the signalling overhead compared to the transmitted user data is pretty high. This effect is particularly pronounced when cells are small and UEs are moving. Additional control signalling caused by traffic steering to and from WLAN would emphasize this effect. As has also been observed in the heterogeneous network study, it is preferable to serve moving UEs by macro cells. In particular if pico-cells are deployed on a separate carrier, detecting and measuring those would increase the terminal’s battery consumption without giving a significant benefit in terms of offloading potential. The same reasoning should of course be applied to WLAN APs which typically have a relatively small coverage area and are, of course, operating on a different carrier frequency than the 3GPP RAT. On the other hand, a UE that has to transfer a significant amount of data may benefit from steering traffic to WLAN if it is in close proximity to a WLAN AP. This is since in good radio conditions the data transfer will take less time so that the UE can enter DRX quickly.
Observation 3 Traffic steering to WLAN should be battery efficient and create low (relative) control signalling overhead.
2.2 Existing mobility mechanisms within 3GPP RATs

In LTE RRC CONNECTED and UMTS CELL_DCH the network (RNC or eNB) has tight control of the UE’s mobility. This applies both for inter- and intra- frequency use cases. The serving RNC or eNB may for example decide not to handover a UE to a pico-cell (see the heterogeneous network discussions) if it discovers that a UE is moving quickly. Or it decides not to request inter-frequency measurements from a UE that is moving or has only negligible amounts of data to transfer. As indicated above, this helps to reduce UE’s battery consumption as well as signalling load. 
Observation 4 Network based mobility as in RRC CONNECTED/CELL_DCH allows to steer those UEs that contribute most to the (over-)load.

If a UE does not transfer any data it usually enters DRX and thereby reduces battery consumption. Therefore, signalling overhead and battery consumption are very low in this state provided that the UE is not moving too much. 

Observation 5 RRC CONNECTED with DRX is efficient in terms of UE power consumption.

Mobility in LTE RRC IDLE mode and UMTS URA_PCH/CELL_PCH/CELL_FACH and IDLE modes has been optimized to allow a reasonable trade-off between a reduced UEs’ battery consumption, signalling load and access delay. The network may release the RRC connection of a UE that is not transferring any data for a longer period of time. The UE may then sleep most of the time and only wake up to receive paging and to perform measurements for the purpose of cell re-selection. As long as it stays within the tracking area or URA, CELL (if in such UMTS states) no control signalling is needed. 
Load balancing mechanisms have also been introduced for IDLE mode. The UE applies cell re-selection thresholds or priorities that are either broadcasted or provided to the UE when the RRC connection is being released. While this is a decent tool for coarse inter-frequency or inter-RAT load control, it cannot take aspects such as the UE’s contribution to the overall load into account. That is, of course, due to the fact that a UE in IDLE mode has by definition no ongoing data transfer. Therefore, IDLE mode load balancing primarily controls the number of UEs camping on a certain frequency or RAT. As a consequence, it can also help to level out the number of UEs that perform accesses on those frequencies or RATs as soon as a data transfer starts. However, as soon as the UE enters RRC CONNECTED and CELL_DCH, the network has full control and can decide, e.g. based on the amount of data being transferred or based on serving cell measurements, whether or not to trigger inter-frequency or inter-RAT measurements and whether or not to handover the UE. As explained in section 2.1 (Observation 2) it is essential to offload those UEs that contribute most to the current overload condition. 
Observation 6 Inter-frequency and inter-RAT load balancing in IDLE mode controls the number of UEs camping on a carrier but cannot focus on those UEs that contribute most to the overload in the current frequency or RAT. 
2.3 Applying idle and connected mode mobility to WLAN
The above observations indicate that network interaction is necessary and UE cannot perform the traffic steering decisions between 3GPP and WLAN on its own. 

Observation 7 Access network selection based on traffic steering to and from WLAN allows offloading main load contributors while minimizing battery consumption for the others. 
If the traffic steering can be decided by the network in both idle and connected modes an efficient steering of UEs can be made. The most important steering is when there is traffic ongoing in either WLAN and/or 3GPP RAT so this would need to be considered as first priority.  
Proposal 1 Adopt network controlled traffic steering in RRC CONNECTED to WLAN.
As explained above, the main intention is to steer traffic of those UEs to WLAN that contribute most to the load in the serving LTE or UTRAN cell. For such UEs, the relative overhead in terms of control signalling is negligible. Therefore, it is possible to maintain the RRC connection for those UEs even if they offload all their data to WLAN. The same reasoning applies to the UE’s battery consumption: If the UE is already transferring a significant amount of data in WLAN, the additional battery consumption in still keeping an RRC connection (with DRX) in LTE or UMTS is relatively small. 
If the RRC connection is maintained while the UE transfers (some or all) user plane data to WLAN, the RAN can also easily decide when to steer traffic back from WLAN to 3GPP. This will also apply to the UMTS states CELL_FACH, CELL_PCH and URA_PCH states in addition to CELL_DCH states as the UE is known in RAN and can thus be paged, when needed, in order to be steered back if RAN sees a potential need (e.g. load became low in RAN).
Proposal 2 Adopt network controlled traffic steering in RRC CONNECTED to 3GPP.
This leaves the question whether there is any need for traffic steering to and from WLAN for UEs that are idle in 3GPP. As explained above, the 3GPP RAN may maintain an RRC connection for UEs actively involved in a data transfer on WLAN, however, if such a UE is in idle mode (here meaning that the UE has no RRC signalling connection, e.g. RRC_IDLE), the UE may be instructed by means of thresholds and/or policies triggers (e.g. resulting in a measurement event) to establish a connection to the 3GPP RAN and from that point eNB/RNC can further process relevant information and, if needed, steer the UE’s traffic to 3GPP
 or say it should maintain such traffic in WLAN (in case the UE stays connected to WLAN). This would include the case where is already ongoing traffic over WLAN or there are no ongoing traffic over both RATs and a new UL or DL data is to be sent from/to the UE.
Proposal 3 For traffic steering of a UE in idle mode the UE establishes an RRC connection on the basis of thresholds and/or policies.

3 Some more details on the solution

A mobility procedure similar to the intra-3GPP mobility procedure can be extended and adopted to work also for WLAN, see Figure 1, [2]. 
[image: image1.emf]1

2

3

3GPP RAN WLAN

BSS / WAN


Figure 1: 3GPP – WLAN mobility procedure.

The 3GPP RAN would configure a UE with events for triggering an indication (e.g. WLAN measurement reports) to the 3GPP network. One event for finding out when the serving 3GPP cell becomes bad and/or WLAN AP gets good, which can be used for steering traffic from 3GPP to WLAN. Another event for finding out when the serving 3GPP cell becomes good and/or the WLAN AP gets bad which can be used for steering traffic back to 3GPP.
The event configurations could either be broadcast or sent by dedicated signalling, see examples in Table 1.
Table 1: Example of conditions for event reporting 
	Event configuration for 3GPP bad and WLAN good
	Event configuration for 3GPP good and WLAN bad

	LTE RSRP
 < Threshold1

WLAN RSSI > Threshold2
	LTE RSRP2 > Threshold1

WLAN RSSI < Threshold2


When the event conditions are met the UE sends an indication to the 3GPP RAN (e.g. RRC Connection Request, WLAN measurement report) A  WLAN measurement report can contain relevant information such as WLAN channel quality and possibly WLAN load (obtained through HotSpot 2.0). An identifier for the WLAN may also be included that can support a per WLAN system distinction.

The 3GPP RAN will, based on the information provided by the UE and the state of the 3GPP RAN, decide if the UE’s traffic should be steered to or from WLAN. The 3GPP RAN sends a traffic steering command which tells the UE to steer traffic to or from WLAN. If the traffic steering command should indicate which radio bearers should be handed over, or if it is sufficient to move all traffic (possibly keeping traffic of a certain QCI in 3GPP) may require further studies. 

Naturally this mobility procedure allows for per-UE control. For example, the 3GPP network can configure the measurement triggering event for only the UEs which contribute to significant 3GPP load and the rest of the UEs can save power as they do not need to scan for WLAN unnecessary. The 3GPP network could also make sure to configure the event only when there is a need to perform offloading to WLAN, i.e. in case the 3GPP network can fulfil the QoS requirements for all the UEs it would not configure this event and instead keep the UEs in 3GPP.

Proposal 4 The network may configure UEs with WLAN radio signal measurements. Similar principles as for inter-frequency/RAT measurements should apply. 

Proposal 5 The RAN may instruct a UE to offload data to a particular WLAN access (e.g.  SSID). The UE executes the setup of the WLAN connection and directs the selected traffic onto WLAN. 

Proposal 6 It is FFS whether the RAN may indicate per radio bearer traffic steering. 

Proposal 7 The traffic steering to WLAN does not imply an RRC connection release, i.e., traffic steering to WLAN should not necessarily imply a release of the RRC connection by the UE.

Sections 3.1 and 3.2 show some example drawings of mobility to and from WLAN.
3.1 Example 1: Moving to WLAN

A possible signalling sequence for the case when there is an RRC signalling connection established is shown in Figure 2.
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Figure 2: Going to WLAN from 3GPP when there is an RRC connection established.
3.2 Example 2: Moving to 3GPP

A possible signalling sequence for the case when there is no RRC signalling connection established is shown in Figure 3. Note that if the UE still maintains an RRC signalling connection to eNB or RNC the signalling procedure becomes very similar to the procedure as in Example 1 above.
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Figure 3: Going to 3GPP in 3GPP RRC idle mode/URA_PCH/CELL_PCH/CELL_FACH
The WLAN measurement configuration defines the event trigger thresholds and/or policies used to trigger a possible change/modification to the use of access technology/technologies, e.g. for steering traffic from WLAN to 3GPP. The configuration can be broadcast or sent by dedicated signalling. It may, for example, be sent to the UE when traffic steering is done from 3GPP to WLAN. 
3.3 Summary

The common part of the examples in 3.1 and 3.2 is the three-step procedure of:
1. WLAN measurement configuration

2. UE indication (e.g. Measurement report) 

3. Traffic steering command
The above framework can be used for all use cases and provides for a simple per-UE traffic steering that would avoid any ping-ponging, mass-toggling and possibilities to improve overall system performance and enhanced user experience. It also provides for a variety of implementation possibilities and possible future standardisation enhancements as it is building on existing 3GPP mobility principles.
A text proposal capturing the above solution is provided in Annex A.

Proposal 8 It is proposed to capture the text proposal in Annex A in the TR.
4 Fulfilment of requirements
Table 2 shows how the requirements defined in TR 37.834 are fulfilled by the solution described in Section 3.
Table 2: The requirements in TR 37.834 [1]
	Requirement
	Solution 3 
(including idle mode)

	Solutions should provide improved bi-directional load balancing between WLAN and 3GPP radio access networks in order to provide improved system capacity
	Yes, by utilising real-time measurements from both network(s) and UE when determining if offloading should be performed, and selecting the UEs that provides best offloading performance (taking into account both system and user point of view).

	Solutions should improve performance (WLAN interworking should not result in decreased but preferable in better user experience)
	Yes, by utilising real-time measurements from both network(s) and UE when determining if off-load should be performed, selecting the UEs that provides best off-loading performance (taking into account both system and user point of view).

	Solutions should improve the utilization of WLAN when it is available and not congested.
	Yes, by utilising real-time measurements from both network(s) and UE when determining if off-load should be performed.

	Solutions should reduce or maintain battery consumption (e.g. due to WLAN scanning/discovery).
	Yes, by initiating measurements in WLAN only when necessary.

	Solutions should be compatible with all existing CN WLAN related functionality, e.g. seamless and non-seamless offload, trusted and non-trusted access, MAPCON and IFOM
	No issues foreseen (FFS)

	Solutions should be backward compatible with existing 3GPP and WLAN specifications, i.e. work with legacy UEs even though legacy UEs may not benefit from the improvements provided by these solutions
	Yes.

	Solutions should rely on existing WLAN functionality and should avoid changes to IEEE and WFA specifications
	Yes

	Per target WLAN system distinction (e.g. based on SSID) should be possible
	Yes

	Per-UE control for traffic steering should be possible
	Yes, by individual UE-control.

	Solutions should ensure that access selection decisions should not lead to ping-ponging between UTRAN/E-UTRAN and WLAN
	Yes, by individual UE-control.


Proposal 9 It is proposed to include Table 2 in the TR.
Proposal 10 It is proposed that the other solutions are included and evaluated as in Table 2.
5 Conclusion
In this contribution a combined idle and connected mode solution based on network traffic steering has been detailed. This has been developed based on a number of observations: 
Observation 1
A traffic steering algorithm needs to take capacity and load of WLAN APs and (e)NBs as well as radio conditions of UEs into account.
Observation 2
Traffic steering should focus on UEs contributing most to the overload in their serving cell.
Observation 3
Traffic steering to WLAN should be battery efficient and create low (relative) control signalling overhead.
Observation 4
Network based mobility as in RRC CONNECTED/CELL_DCH allows to steer those UEs that contribute most to the (over-)load.
Observation 5
RRC CONNECTED with DRX is efficient in terms of UE power consumption.
Observation 6
Inter-frequency and inter-RAT load balancing in IDLE mode controls the number of UEs camping on a carrier but cannot focus on those UEs that contribute most to the overload in the current frequency or RAT.
Observation 7
Access network selection based on traffic steering to and from WLAN allows offloading main load contributors while minimizing battery consumption for the others.


Based on the observations the following is proposed:

Proposal 1
Adopt network controlled traffic steering in RRC CONNECTED to WLAN.
Proposal 2
Adopt network controlled traffic steering in RRC CONNECTED to 3GPP.
Proposal 3
For traffic steering of a UE in idle mode the UE establishes an RRC connection on the basis of thresholds and/or policies.
Proposal 4
The network may configure UEs with WLAN radio signal measurements. Similar principles as for inter-frequency/RAT measurements should apply.
Proposal 5
The RAN may instruct a UE to offload data to a particular WLAN access (e.g.  SSID). The UE executes the setup of the WLAN connection and directs the selected traffic onto WLAN.
Proposal 6
It is FFS whether the RAN may indicate per radio bearer traffic steering.
Proposal 7
The traffic steering to WLAN does not imply an RRC connection release, i.e., traffic steering to WLAN should not necessarily imply a release of the RRC connection by the UE.
Proposal 8
It is proposed to capture the text proposal in Annex A in the TR.
Proposal 9
It is proposed to include Table 2 in the TR.
Proposal 10
It is proposed that the other solutions are included and evaluated as in Table 2.
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Text proposal to TR 37.834v0.2.0 (R2-131545).
-----------------------------------------------------------------
6.1.3
Solution 3

In this solution the traffic steering for UEs in RRC CONNECTED/CELL_DCH state is controlled by the network using dedicated traffic steering commands, potentially based also on WLAN measurements and other reports from UE.

For UEs in IDLE mode and CELL_FACH, CELL_PCH and URA_PCH states the solution is similar to solution 2 but in this solution the network can control the steering by using dedicated traffic steering commands. This is performed after the UE has established a RRC connection to RAN based e.g. a certain measurement event has occurred in the UE. The connection establishment is triggered by conditions that have been configured by RAN (e.g. events, thresholds etc.) by broadcast or dedicated signalling (e.g. when UE is steered to WLAN). Relation to solution 1 is FFS. 

Figure x and y are two examples how the basic signalling framework for traffic steering between 3GPP RATs and WLAN can be used.
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Figure x: Going to WLAN from 3GPP when there is an RRC connection established
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Figure y: Going to 3GPP in 3GPP RRC idle mode/URA_PCH/CELL_PCH/CELL_FACH
Solution details are FFS.

Relation to ANDSF is FFS.


� If the UE moves out from WLAN coverage then it is obvious that 3GPP cannot reject the move of bearers to 3GPP from WLAN but if it is e.g. a load issue or similar than the 3GPP will need to take into account different aspects as described previously in this document.


� In UMTS CPICH Ec/N0, CPICH RSCP, Pathloss can be used.


� It is assumed that the legacy 3GPP measurements can be used as well.
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