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1. Introduction
As proceedings for its SI, the RAN#62 newly approved Rel-12 WI “WLAN 3GPP radio interworking” aims to specify enhanced mechanism, which enables NW to control UE access network selection/traffic routing between 3GPP and WLAN cell more efficiently. Among all leftover controversial issues, the OPI is FFS up to SA2 detailed discussion per RAN2#85 agreements, as such: “…OPI consists of two parameters: opiValue and opiThreshold….”. In this contribution, we shall continue some OPI thoughts from RAN2 perspective.
2. Discussions
OPI is a magic word, which can be interpreted as e.g. offload preference indicator. However, it is rather controversial about its exact definition and functional behaviours; hence we would like to clarify at first place why some arguments about “necessity for OPI” may not really fit into the OPI motivation & implication.

Argument 1: NW can adopt different offloading thresholds for different UE groups, e.g. NW can configure threshRsrpLow1 < threshRsrpLow2 < threshRsrpLow3 for gold, silver, bronze user in the same LTE cell respectively. The method behind may achieve some offloading priority effects among UEs on system level, but it imposes fixed but different level of offloading freedom for different UE groups. E.g. when the RF condition is above threshRsrpLow2 or threshRsrpLow3, gold user shall never be able to offload (but sometimes in case of large traffic volume, gold user may also need to perform offloading), and below threshRsrpLow1, silver or bronze user must always offload if other conditions are all met (but e.g. in case of little traffic, they may wanna stay in LTE as much as possible). Therefore, such method seems more “hard deterministic” and cannot achieve good offloading freedom.

Argument 2: NW can use OPI as kind of id pointer to certain ANDSF MO, e.g. NW can provision 32 ANDSF MOs with different parameter settings, and RAN uses OPI to command which MOs shall take effect for which UE groups. This method behind seems relatively static, and may not be beneficial for offloading performance e.g. for Idle mode UEs, otherwise more frequent SIB or NAS signalling changes must be involved. In case that each UE group has very fixed linkage to certain ANDSF MO, OPI may not be needed any all, as there is no OPI computing process involved or say OPI computing outcome has nothing to do with any RAN based signalling.

In summary, although the potential methods behind argument 1&2 above are very logic simple and clean, they may not achieve offloading effects such as good offloading freedom, flexible controlling dynamics, and sufficient offloading performances. RAN2er did not have the same OPI design philosophy and baseline at past.

Proposal 1: To agree on the OPI design baseline in terms of offloading freedom/dynamics/performance requirement.
Now we turn to some thoughts on the OPI essence itself. Per agreement captured in [3], the OPI should consist two parameters: opiValue and opiThreshold at least. opiThreshold is supposed to configured by eANDSF (or may also be by RAN in the absence of ANDSF), while opiValue is signalled by RAN and compared with opiThreshold by UE (we refer it as OPI computing process). To our understanding, unlike other objective conditions based on UE various measurements, OPI is more kind of subjective condition configured from OAM or RAN perspective that can impact user’s offloading behaviours in addition to those objective conditions.

In that sense, the content of OPI related parameters should have non-overlapping meaning with 3GPP radio condition/WLANBSSLoad/backhaulrate as already agreed, hence we can do some assumption and derivation as follows:

Use Case 1: UE1 and UE2 are standing at the same 3GPP cell location and in idle mode (also applicable for other RRC states where UE follows common configurations from SIBs), with the same objective condition set about 3GPP radio condition/WLANBSSLoad/WLANbackhaulrate etc.
Without the configuration of OPI, there can only following two scenarios to occur: (Common UE offloading behaviour)
Scenario 1: UE1 offload, UE2 offload;

Scenario 2: UE1 no offload, UE2 no offload;

But with the configuration of OPI, following two scenarios are supposed to occur in addition to above scenario 1&2: (Independent and flexible UE offloading behaviour):

Scenario 3: UE1 offload, UE2 no offload;

Scenario 4: UE1 no offload, UE2 offload;

Apparently, it is the content of OPI that determines which one among above four mutually exclusive scenarios is to be the offloading computing outcome. For idle mode, both opiValue and opiThreshold must be configured in any kind of static/fixed value, so the OPI computing outcome must be static/fixed too, then the final offloading status must be static/fixed as well. To our understanding, static/fixed offloading status is less meaningful, as it does not need to be implemented with OPI, but can be replaced via e.g. OAM/RAN provisions in more simplified way. Therefore, it seems more meaningful for the final offloading status to be randomized, e.g. certain probability for each scenario as above.
Proposal 2: To consider whether OPI content is relevant to probability? So the OPI computing outcome/final offloading status can be randomized for different scenarios.
It is worth highlighting that so far there is no specific requirement about the occurring probabilistics for scenarios 1/2/3/4 as above when all other objective conditions are met, so it needs to be clarified further by SA2. E.g. when the conditions for 3GPP radio condition/WLANBSSLoad/WLANbackhaulrate are all met, may scenario 1/2/3/4 occur with 25% probability respectively? Or Scenario 1/2 may never occur, but scenario3/4 may occur with 50% probability respectively? Or Scenario 2/4 may never occur, but scenario1/3 may occur with 25% and 75% probability respectively etc? We assume the occurring probabilistic for different offloading scenarios should be fixed at first place.
Proposal 3: To clarify what kind of characteristics about offloading scenario probability is expected?
Use Case 2: UE1 and UE2 are standing at the same 3GPP cell location and in RRC_Connected mode/Cell_DCH state (also applicable for other RRC states where UE follows dedicated configurations), with the same objective condition set about 3GPP radio condition/WLANBSSLoad/WLANbackhaulrate and same RB configuration&services etc.
Apparently, via dynamic/flexible XX_Threshold tuning for UE1 and UE2, it is already easily for NW to achieve Scenario 1/2/3/4 as above without OPI. E.g. if NW wanna achieve scenario 1, then for both UE1 and UE2 NW can set higher value for their threshRsrpLow/ threshBssLoadLow and set lower value for their  threshDlBackhaulRateHigh/ threshUlBackhaulRateHigh; If NW wanna achieve scenario 3, then for both UE1 NW can set higher value for its threshRsrpLow/ threshBssLoadLow and set lower value for its threshDlBackhaulRateHigh/ threshUlBackhaulRateHigh, meanwhile for both UE2 NW can set lower value for its threshRsrpLow/ threshBssLoadLow or set higher value for its threshDlBackhaulRateHigh/ threshUlBackhaulRateHigh; In fact, due to dedicated RRC control, Scenario 1/2/3/4 can be achieved with arbitrary probability, fully under NW’s control. Hence we believe that OPI is not needed for dedicated configuration case, but more meaningful for UE in idle mode or other RRC states following common configurations.
Proposal 4: OPI is only applicable for UE in idle mode or other RRC states following common configurations from SIBs.
Use Case 3: UE1 and UE2 are standing at different 3GPP cell location or in different RRC state or configured with different DRBs/services etc.
In such case, since the objective condition set about 3GPP radio condition/WLANBSSLoad/WLANbackhaulrate etc are already different, there is no common baseline for further OPI evaluation, hence it is insensible to evaluate final offloading status with OPI here, or say it is hard to predict which scenario 1/2/3/4 as above can be achieved with certain OPI computing process. E.g. even though OPI allows scenario 3 to occur, but other objective conditions may prevent so.
Proposal 5: The usage of OPI should be on top of common baseline with the same objective condition set.
Per practical requirement from some operators, the subscriber’s type sub-group and traffic type sub-group can be two dominant subjective conditions that need to be addressed by OPI. To our understanding, this does not impact much the logical essence of OPI as explained above, but increases the number of offloading scenarios. E.g. if operator wanna distinguish the offloading probability for gold/silver/bronze user and best effort/non BE traffic, it equivalently generates logically UE1 (gold+BE), UE2 (gold+non-BE), UE3 (silver+BE), UE4 (silver+non-BE), UE5 (bronze+BE), UE6 (bronze+non-BE), up to similar analysis as explained above.
With the configuration of OPI, following 2^6=64 scenarios may occur to the largest flexible degree:
Scenario 1: UE1 offload, UE2 offload, UE3 offload, UE4 offload, UE5 offload, UE6 offload.
Scenario 2: UE1 no offload, UE2 offload, UE3 offload, UE4 offload, UE5 offload, UE6 offload.

Scenario 3: UE1 offload, UE2 no offload, UE3 offload, UE4 offload, UE5 offload, UE6 offload.

Scenario 4: UE1 offload, UE2 offload, UE3 no offload, UE4 offload, UE5 offload, UE6 offload.

Scenario 5: … …
… …
Scenario 8: UE1 no offload, UE2 no offload, UE3 offload, UE4 offload, UE5 offload, UE6 offload.
Scenario 9: UE1 offload, UE2 no offload, UE3 no offload, UE4 offload, UE5 offload, UE6 offload.

Scenario 10: UE1 offload, UE2 offload, UE3 no offload, UE4 no offload, UE5 offload, UE6 offload.

Scenario 11: ... ...
... …
Scenario 13: UE1 no offload, UE2 offload, UE3 no offload, UE4 offload, UE5 offload, UE6 offload.
Scenario 14: UE1 offload, UE2 no offload, UE3 offload, UE4 no offload, UE5 offload, UE6 offload.

Scenario 15: ... ...
... …
Scenario 64: UE1 no offload, UE2 no offload, UE3 no offload, UE4 no offload, UE5 no offload, UE6 no offload.
Apparently, it is the content of OPI that determines which one among above 64 mutually exclusive scenarios is to be the final offloading status. Per aforementioned OPI probabilistic characteristic, NW may wanna each offloading scenario to occur with certain probability via OPI content. It is worth highlighting here that among above 64 scenarios, some scenario may not wanted at all, e.g. if gold user offload occurs, then it may not require that silver/bronze user offload does not occur in parallel; if non-BE traffic offload occurs, then it may not require that BE traffic offload does not occur in parallel. Accordingly, the OPI computing outcome may never lead to some of those invalid offloading scenarios, but the aggregated probability for all leftover valid offloading scenarios should be normally equal to 100%.
As one simple example, if it is to be agreed that 4 valid offloading scenarios are wanted, and the occurring probability for scenario 1 - 4 is 25%, 25%, 25%, 25% equally, then we need at least 2 bits for OPI signalling (2 bits representing 4 valid offloading scenarios). Each time when the objective conditions for 3GPP radio condition/WLANBSSLoad/WLANbackhaulrate are all met, UE may draw a randomized Integer value “OPI_value” between [0,100) if configured to do so by NW, the OPI computing process can be as follows:

If 0 <= OPI_value < 25, then OPI computing outcome leads to scenario 1;

Else  25 <= OPI_value < 50, then OPI computing outcome leads to scenario 2;

Else  50 <= OPI_value < 75, then OPI computing outcome leads to scenario 3;

Else  75 <= OPI_value < 100, then OPI computing outcome leads to scenario 4;
As another a bit complicated example, if it is to be agreed that 8 valid offloading scenarios are wanted, and the occurring probability for scenario 1 - 8 is 5%, 5%, 5%, 5%, 10%, 10%, 20%, 40% respectively, then we need at least 2x7=14 bits for OPI signalling (2 bits representing four likely probability: 5%, 10%, 20%, 40%, and 8-1=7 representing the number of valid offloading scenarios). Each time when the objective conditions for 3GPP radio condition/WLANBSSLoad/WLANbackhaulrate are all met, UE may draw a randomized Integer value “OPI_value” between [0,100) if configured to do so by NW, the OPI computing process can be as follows:

If 0 <= OPI_value < 5, then OPI computing outcome leads to scenario 1;

Else  5 <= OPI_value < 10, then OPI computing outcome leads to scenario 2;
Else  10 <= OPI_value < 15, then OPI computing outcome leads to scenario 3;

Else  15 <= OPI_value < 20, then OPI computing outcome leads to scenario 4;

Else  20 <= OPI_value < 30, then OPI computing outcome leads to scenario 5;

Else  30 <= OPI_value < 40, then OPI computing outcome leads to scenario 6;

Else  40 <= OPI_value < 60, then OPI computing outcome leads to scenario 7;

Else  60 <= OPI_value < 100, then OPI computing outcome leads to scenario 8;

From above examples, we can observe that there is kind of tradeoff between number of valid offloading scenarios/OPI controlling flexibility/probability and OPI signalling required. The more segmentation of scenarios/probability due to various subjective conditions, the more OPI signalling and associated complexity can be perceived.

Proposal 6: To study how the valid offloading scenarios should look like exactly and what kind of scenario/probability segmentation is needed for operators?
Based on the concrete valid offloading scenarios specified by SA2 later, RAN2 can design the corresponding OPI signalling for them. It is worth mentioning that NW can also configure UE not to generate randomized “OPI_value”, but indicate UE to go to certain fixed offloading scenario in any form, so it fallbacks to any other non-randomized based methods.
Proposal 7: when “OPI_value” is “on”, then UE can go to certain valid offloading scenario with certain probability as configured by NW, and when OPI_value” is “off”, then UE can go to certain fixed offloading scenario with 100%.
3. Conclusions
In this contribution, we did some thoughts on OPI essence, and RAN2 is kindly asked to discuss following proposals:
Proposal 1: To agree on the OPI design baseline in terms of offloading freedom/dynamics/performance requirement.

Proposal 2: To consider whether OPI content is relevant to probability? So the OPI computing outcome/final offloading status can be randomized for different scenarios.
Proposal 3: To clarify what kind of characteristics about offloading scenario probability is expected?
Proposal 4: OPI is only applicable for UE in idle mode or other RRC states following common configurations from SIBs.
Proposal 5: The usage of OPI should be on top of common baseline with the same objective condition set.

Proposal 6: To study how the valid offloading scenarios should look like exactly and what kind of scenario/probability segmentation is needed for operators?

Proposal 7: when “OPI_value” is “on”, then UE can go to certain valid offloading scenario with certain probability as configured by NW, and when OPI_value” is “off”, then UE can go to certain fixed offloading scenario with 100%.
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