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1
Introduction
In this contribution we discuss access network selection principles, open items and also make proposals for way forward on 3GPP – WLAN Radio interworking.
2
Discussion
2.1 Usage of access network selection rules and metrics

The following 3GPP related metrics and corresponding thresholds were agreed for evaluation whether to use WLAN or 3GPP:
a)
LTE RSRP / UMTS CPICH RSCP
b)
LTE RSRQ / UMTS CPICH Ec/No

However it is not decided whether both above thresholds could be configured at the same time or only threshold at a time. It seems that in many scenarios it would be sufficient to consider only one of these metrics like in 3GPP<->3GPP cell reselections. In addition scenario which requires the UE to evaluate both measurement quantities / thresholds at the same time is not so far identified.
Proposal 1.1: Either LTE RSRP / UMTS CPICH RSCP or LTE RSRQ / UMTS CPICH Ec/No thresholds could be configured for the UE at a time.

In addition the following principle was agreed for handling the thresholds received in broadcast and dedicated signalling:
A UE in RRC CONNECTED in LTE or CELL DCH (or CELL_FACH: FFS) in UMTS shall apply dedicated thresholds if such has been received; otherwise the UE shall apply broadcasted thresholds.

It should be noted that measurement quantity (i.e. LTE RSRP / UMTS CPICH RSCP or LTE RSRQ / UMTS CPICH Ec/No) could be configured to be different in broadcast and dedicated signalling. If RAN2 agrees on the proposal 1.2 above then also the following is necessary in order to complete the above agreement:
Proposal 1.2 The UE shall apply dedicated measurement quantity (if such has been received) instead of broadcasted measurement quantity
To avoid ping-pong between 3GPP and WLAN, e.g. due to fast signal strength/quality peaks/dips, we suggest adopting similar Time-To-Trigger (TTT) mechanism that is used in the 3GPP-3GPP mobility measurement evaluations. This means that the access network selection criteria need to be fulfilled certain period of time (i.e. during TTT) before the UE triggers the access network selection. It should be noted that timer value should be long enough in order that frequent changes of access network could be avoided

Proposal 2: The UE shall apply a timer (like Treselection or TTT) when evaluating the RAN rules i.e. the UE shall change access network if the rule is fulfilled during a time interval 
Access network selections may cause interrupts for data traffic causing bad user experience. In order to avoid rapid and consecutive change of access network we propose that the UE shall apply a block timer, which prohibits frequent/consecutive access network selections i.e. like 1 s timer in idle mode reselections.  
Proposal 3: The UE shall apply a prohibit timer for access network selection i.e. the UE shall not change access network before more than x seconds has elapsed since the UE selected the system last time
In some cases it may be possible that the WLAN AP selection / association fails e.g. due to congestion in WLAN. In this case it would be beneficial that such WLAN AP is not soon tried again. 
Proposal 4: The UE shall not select the same WLAN AP after unsuccessful try during a timer
2.2 Load balancing between 3GPP and WLAN
We assume that one reason for configuring the access network selection rules for the UE is to achieve load balancing between 3GPP and WLAN. According to agreements both broadcast and dedicated signalling can be used for providing the access network thresholds for the UE:
3
A UE in RRC CONNECTED in LTE or CELL DCH (or CELL_FACH: FFS) in UMTS shall apply dedicated thresholds if such has been received; otherwise the UE shall apply broadcasted thresholds.

4
The UE shall keep and apply dedicated thresholds when being in IDLE mode, (CELL_PCH or URA_PCH: FFS) until a time T has passed since the UE entered IDLE mode, (CELL_PCH or URA_PCH: FFS) upon which the UE shall apply the broadcasted thresholds.  (similar to handling of dedicated reselection priorities)

While the UE may support 3GPP / WLAN interworking feature  the user may have switched off WLAN from the device and therefore offloading is not possible. In addition it has been agreed that user preferences always take precedence over RAN based or ANDSF based rules.  Furthermore, the UE may not be on the coverage area of the WLAN and offloading is not possible. Due to these issues the UE selection for offloading would be challenging.

Observation 1: (e)NB/RNC is not aware whether offloading of particular UE is possible or not
In order to avoid unnecessary signalling from (e)NB to UE and to ease the UE selection for offloading we propose the following:
Proposal 5: The UE shall inform (e)NB/RNC whether offloading is possible or not  

UE requirements for WLAN search and scanning are not defined and different UEs may behave in different ways and therefore (e)NB cannot predict how long time it takes for the UE to select WLAN after receiving the thresholds from RAN. Dynamic tuning of the thresholds would be also challenging without the knowledge whether the UEs are applying the thresholds.  
Observation 2: (e)NB/RNC is not aware how long time it takes for the UE to select WLAN or whether the UE has performed offloading or not 

Based on the above issues efficient load balancing between 3GPP and WLAN seems to be challenging to achieve and therefore we propose the following:
Proposal 6: The UE shall inform (e)NB/RNC whether the offloading was successful or unsuccessful according to received dedicated signaling. 
Based on our simulation results in [2], in some scenario RSRP based thresholds may be rather difficult to set so that a desired offloading percentage from 3GPP to WLAN is achieved. In addition it is challenging to select UEs for offloading, because is not known for the eNB which UEs are in coverage area of the suitable WLAN AP, whether WLAN functionality is activated by the user etc. Based on these we observe and propose the following for the further work on 3GPP-WLAN radio interworking.
Proposal 7: RAN2 should work further to identify the details for additional parameter needed for 3GPP / WLAN interworking.  The new parameter could e.g. indicate which UEs would try to offload to WLAN if WLAN is available.
2.3 Offload Preference Indicator (OPI)
It has been agreed that an Offload Preference Indicator (OPI) may be also signalled by the RAN. Three alternative proposals on the interpretation of OPI were described in the RAN2 LS to SA2 [1]:

The OPI value signalled by the RAN is compared to a comparison-value provided in the ANDSF policy using an “equal to”-comparison (e.g. OPI_pointer = OPI value) or a “greater/less than” -comparison (e.g. OPI_threshold ≥ OPI_value) or can be compared to a bitmap (e.g. a set of allowed OPI values) to trigger specific actions, e.g.:

1. OPI can be used in ANDSF to differentiate subscriber sub-groups, i.e. gold/silver/bronze. For instance, different subscriber sub-groups may have different OPI thresholds/pointers in their ANDSF policies, so that bronze users are offloaded to WLAN first (when cellular load slightly increases) and gold users are kept on LTE till LTE capacity allows so.
2. OPI can be used to differentiate between traffic types, e.g. ANDSF ISRP policies for different IP flows may have different OPI thresholds/pointers so that best effort traffic is offloaded to WLAN first (when cellular load slightly increases).  

3. OPI can also be used to trigger specific parts of ANDSF policies and/or ANDSF MOs, OPI may be signalled to the UE in the form of a bitmap which can be compared to a bitmap [e.g. a set of allowed OPI values] stored in the ANDSF to trigger specific parts of ANDSF policies and/or ANDSF MOs.  In this case OPI value might be considered as kind of ANDSF MO index if there are multiple ANDSF MOs.  

If OPI is introduced in ANDSF and “greater/less than” type of comparison is used then providing different OPI threshold values for the different traffic types within ISRP rules would result in a traffic type differentiation for offloading based on OPI values advertised by RAN. This approach would very well fit into the current ANDSF concept.

ANDSF servers can provide subscriber or subscriber group specific MOs to the UEs, e.g. the ISRP rules may depend on the subscriber. Therefore it is possible that the actual OPI threshold values within the ANDSF MOs depend on group where the subscriber belongs to. E.g. OPI=x may mean for a subscriber to offload all traffic, but for another subscriber it may only mean to offload general HTTP traffic or nothing.

In this way it can be easily achieved the traffic class and subscriber based differentiation with OPI values. This does not mean that OPI values should be standardized, the actual meaning of the OPI values could be different in different PLMNs, and may also depend on the subscriber group. The use of OPI in this way would give the 3GPP RAN a good tool to control the amount of offloaded traffic; e.g. RAN can know that increasing the OPI value would result less traffic over 3GPP RAN.

The use of bitmap type approach (bullet 3 above) can also be used both to different traffic type and users groups. This type of coding results in a larger ANDSF MO as it assumes to have multiple sets of ANDSF rules. As the approach in the previous paragraphs (using “greater/less than” comparison) can provide a flexible way of differentiating traffic types and subscribers, we do not think that use of bitmap type approach would be beneficial. 

Proposal 8: It is proposed to use “greater/less than” type of comparison within ANDSF for OPI values. The OPI thresholds values provided within ANDSF MOs can depend on the traffic class and can be subscriber specific. There is no need to standardize the meaning of the values of the OPI thresholds.

3
Conclusion
Based on the above discussion it is proposed the following:
Proposal 1.1: Either LTE RSRP / UMTS CPICH RSCP or LTE RSRQ / UMTS CPICH Ec/No thresholds could be configured for the UE at a time.

Proposal 1.2 The UE shall apply dedicated measurement quantity (if such has been received) instead of broadcasted measurement quantity

Proposal 2: The UE shall apply a timer (like Treselection or TTT) when evaluating the RAN rules i.e. the UE shall change access network if the rule is fulfilled during a time interval 
Proposal 3: The UE shall apply a prohibit timer for access network selection i.e. the UE shall not change access network before more than x seconds has elapsed since the UE selected the system last time

Proposal 4: The UE shall not select the same WLAN AP after unsuccessful try during a timer

Proposal 5: The UE shall inform (e)NB/RNC whether offloading is possible or not  

Proposal 6: The UE shall inform (e)NB/RNC whether the offloading was successful or unsuccessful according to received dedicated signaling. 

Proposal 7: RAN2 should work further to identify the details for additional parameter needed for 3GPP / WLAN interworking.  The new parameter could e.g. indicate which UEs would try to offload to WLAN if WLAN is available.
Proposal 8: It is proposed to use “greater/less than” type of comparison within ANDSF for OPI values. The OPI thresholds values provided within ANDSF MOs can depend on the traffic class and can be subscriber specific. There is no need to standardize the meaning of the values of the OPI thresholds.
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