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1
Introduction
In this contribution, we discuss the benefits of dedicated signalling, how it could be used and what should be supported in 3GPP specifications its use in 3GPP/WLAN interworking. The scenario is when the RAN wants to alleviate a congestion in the 3GPP network by offloading a certain amount of traffic to WLAN.
2
Discussion
2.1
Broadcast vs. dedicated signalling
To alleviate 3GPP network congestion, it was suggested that UEs with lowest LTE RSRP/RSRQ or UMTS RSCP/(Ec/N0) should move traffic to WLAN as they would take more 3GPP network resources than other UEs.

The RAN is aware of the LTE RSRP/RSRQ of each UE in RRC_CONNECTED and of the UMTS RSCP/(Ec/N0) of each UE in CELL_DCH (and to some extent in CELL_FACH, CELL_PCH and URA_PCH) so for any threshold value it knows whether a UE is above.

There could be e.g. 100 connected UEs UE1, UE2 ... UE100 ordered by increasing signal levels, i.e. UE1 has the lowest 3GPP signal quality and UE100 the highest. Most UEs have only background traffic and e.g. 3 UEs are involved e.g. in large file downloads, say UE17, UE45 and UE65.
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Figure 1: 100 connected UEs ordered by increasing RSRP and radio resource consumption

If the RAN can only use broadcast signalling for LTE RSRP/RSRQ and UMTS RSCP/(Ec/N0), to save some capacity, the RAN has to set the thresholds so that 17 UEs should search for WLAN and attempt to move traffic there. If UE17 happens to have no WLAN coverage, the RAN has to increase the number to 45 UEs that should search for WLAN and attempt to move traffic there.
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Figure 2: Offloading by broadcast signalling only (before UE17 is offloaded)
Observation 1: With broadcast signalling only, many UEs with background traffic only may have to search for WLAN and move traffic to WLAN before radio resources can be saved.
In the above example, if the network uses broadcast signalling to save some LTE capacity, so as to offload UE45, this has the following consequences:

-
extra power consumption for 44 inactive UEs with background traffic, without any gain for the RAN
-
offloading of the active UE may be delayed because of 44 inactive UEs simultaneous attempts on WLAN AP for authentication, association and IP address allocation

-
if MAPCON is used, the CN will experience MAPCON signalling of up to 44 inactive UEs at the same time
If the RAN can provide modified offloading thresholds only to UE17 and/or UE45, it is possible to save resources in the 3GPP network and avoid these issues.
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Figure 3: Offloading by dedicating signalling of UEs consuming a lot of radio resources
Proposal 1: The RAN can provide thresholds via dedicated signalling.

2.2
Timing to address the 3GPP congestion
When the RAN increases the minimum LTE RSRP/RSRQ or UMTS RSCP/(EC/N0) thresholds, UEs with a signal level above the previous value but below the current one will search for WLAN.
For connected UEs, whether the network uses broadcast signalling or dedicated signalling to selected UEs, the RAN knows how many UEs may connect to WLAN, but it does not know whether they are in WLAN coverage or not.

In the previous example, the RAN could set the thresholds (via broadcast or dedicated signalling) so that e.g. UE10 to UE14 will attempt to move to WLAN so that at most 5 UEs will effectively move traffic. 
Figure 4:
Reaction of 5 UEs to change of threshold

As illustrated in figure 4, some UEs may not search for WLAN immediately (like UE14) or search for WLAN for some time  and then stop searching for a longer period in order to save power (UE11 at t3, UE12 at t1), and some UEs may find WLAN after some time and move traffic (UE13 at t2, UE10 at t4).
This may create a number of issues:
-
Some UEs search for WLAN only a long time after the RAN has changed the threshold (e.g. UE14) so that it takes a very long time to solve  a congestion situation (e.g. up to t5).
-
Before t2, the RAN may think that UE10 to UE14 have no WLAN coverage and initiate offloading of UE15 to UE20 which may later result in much more than 5 UEs as expected initially.

-
After t4, the RAN may further wait for UE11, UE12 and UE14 to search for WLAN although they actually don't search. If the RAN is in a congestion situation, waiting means further delay until the congestion is solved.
Observation 2: Without information or requirement on UE behaviour, some UEs may not react in a timely manner to a change of RAN threshold and it is difficult for the RAN to decide how long to wait before changing it again if not enough traffic was offloaded.

To allow the RAN to adapt the thresholds in a suitable manner, RAN and UE actions should be synchronised, i.e.:

1)
the UE shall immediately re-evaluate the rules (and steer traffic to WLAN if the condition is met) when the RAN changes the threshold (i.e. UE14 behaviour above is not allowed); and
2a)
the UE shall complete WLAN search (and traffic steering if triggered by the rule) within a pre-determined time (e.g. t1, t2, t3, t4 and t5 shall be less than 5s); or
2b)
the UE shall report to the RAN when WLAN search is complete (traffic steering is complete or there is no WLAN which the UE is allowed to select according to the rules).

2a) does not require any signalling but it should be checked whether it is possible to find a pre-determined time suitable for any scenario. 2b) requires some uplink signalling but it is only needed for UEs in states where the RAN is aware of the 3GPP signal level, i.e. RRC_CONNECTED or CELL_DCH. 
Proposal 2: The UE shall immediately re-evaluate the rules (and steer traffic to WLAN if the condition is met) when the RAN changes the threshold.

Proposal 3: It shall be possible for the RAN to know when the UEs in RRC_CONNECTED or CELL_DCH have finished searching for WLAN, e.g. either the UE shall complete WLAN search (and traffic steering if triggered by the rule) within a pre-determined time or the UE shall report when WLAN search is complete (i.e. traffic steering is complete or there is no WLAN which the UE is allowed to select according to the rules).
2.3
After the congestion is solved
After all connected UEs have finished searching WLAN (and offloaded traffic if triggered by the rules), the RAN will decide whether or not to trigger more UEs to offload traffic. If the RAN does not change the thresholds again for some or all UEs, it means that the current load on 3GPP allows good system behaviour.

In such a scenario, there is no need to further move traffic from 3GPP to WLAN and it is not useful for UEs not connected to WLAN to continue searching for WLAN. To achieve this:
1)
the RAN could use dedicated signalling towards UEs which have not offloaded traffic in order to restore the threshold to its initial value (if the RAN is aware which connected UEs have offloaded traffic or not); or
2)
UEs not connected to WLAN could autonomously stop using the value provided by dedicated signalling at a pre-determined time (relatively to the dedicated signalling or to the report).

The first method would be feasible only if the UEs report whether offloading is successful or not.

Proposal 4: Avoid UEs with modified thresholds currently not connected to WLAN to further search for WLAN, e.g. either the RAN uses dedicated signalling towards UEs which did not succeed in offloading traffic or UEs not connected to WLAN autonomously stop using the value provided by dedicated signalling after a pre-determined time.
3
Conclusion

We discussed the scenario where the RAN initiates offload of traffic to WLAN in order to alleviate a congestion in the 3GPP network. In order to adress this scenario efficiently, we made the following proposals.
Proposal 1: The RAN can provide thresholds via dedicated signalling.

Proposal 2: The UE shall immediately re-evaluate the rules (and steer traffic to WLAN if the condition is met) when the RAN changes the threshold.

Proposal 3: It shall be possible for the RAN to know when the UEs in RRC_CONNECTED or CELL_DCH have finished searching for WLAN, e.g. either the UE shall complete WLAN search (and traffic steering if triggered by the rule) within a pre-determined time or the UE shall report when WLAN search is complete (i.e. traffic steering is complete or there is no WLAN which the UE is allowed to select according to the rules).

Proposal 4: Avoid UEs with modified thresholds currently not connected to WLAN to further search for WLAN, e.g. either the RAN uses dedicated signalling towards UEs which did not succeed in offloading traffic or UEs not connected to WLAN autonomously stop using the value provided by dedicated signalling after a pre-determined time.
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