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1 [bookmark: _Ref272754064]Introduction
There are three candidate solutions for the WLAN - UTRAN/E-UTRAN access network selection in current TR [1], and after the last RAN2 meeting the email discussion about the requirement fulfillment of these different solutions had been kicked-off. Lots of companies gave their points of view refer to each requirement. There are still some disagreements of the requirement fulfillment for now, therefore in this paper we give further discussion on the different solutions regard to some requirement fulfillments and try to give some quantitative analysis.
2 Discussions
1. 
2. 
Requirement 1
Solutions should provide improved bi-directional load balancing between WLAN and 3GPP radio access networks in order to provide improved system capacity.
	[bookmark: OLE_LINK243][bookmark: OLE_LINK244]Solution 1
	[bookmark: OLE_LINK75][bookmark: OLE_LINK76]This solution supports bi-directional offload, but considering the load balancing and system capacity, this solution has two issues below:
i. [bookmark: OLE_LINK210][bookmark: OLE_LINK211][bookmark: OLE_LINK212][bookmark: OLE_LINK77][bookmark: OLE_LINK78]Improper offloading.
[bookmark: OLE_LINK19][bookmark: OLE_LINK20][bookmark: OLE_LINK21][bookmark: OLE_LINK22]The assistant information provided by RAN through broadcast signalling or dedicated signalling, this means lots of UE receive the same assistant information. RAN could not control the number of UE who decide to offload and this may lead to the simultaneous massive access network selection and with high risk to result one or both access network overload. Therefore this would affect the load balancing and system capacity badly.
Other consequence of the improper offloading is the increase of  signalling overhead both in air-interface and core network. Also UE’s power consumption will also increase rapidly and user experience will decline. 
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]Improper offloading will affect the load balancing and system capacity badly.
ii. [bookmark: OLE_LINK208][bookmark: OLE_LINK209]The incompatibility of ANDSF and RAN
[bookmark: OLE_LINK206][bookmark: OLE_LINK207]In the case of absent of ANDSF, it will completely rely on UE to make the offload decision, the decision may be inpropriate and the CN have to change the transmit tunnel, signalling and power will be wasted. Also the signallings in RAN to provide the assistant information are wasted. Load balancing and system capacity will be affected.
In the case of the present of ANDSF with the earlier release, just as in the case of absent of ANDSF, signalling and power will be wasted, and load balancing and system capacity will be affected.
In the case of when UE are roaming, the RAN assistant information and the policy UE use may not be imcompatibility. For example, the rule provide by V-ANDSF is: if RAN RSRP is less than threshold s and RAN direct load is greater than threshold x, and if WLAN RSSI is greater than threshold r and WLAN BSS load is less than threshold y, move flow to WLAN. The threshold s, threshold x, threshold r and threshold y are provided by RAN, so RAN may configure the threshold r and threshold y are easy to get, and the threshold sand threshold x are critical. The rule provide by H-ANDSF is: if WLAN RSSI is greater than threshold r and WLAN BSS load is less than threshold y, move flow to WLAN. When the roaming UE use the H-ANDSF rule in the V-RAN and move the flow to WLAN, the throuput of this UE may reduce. Load balancing and system capacity will be affected.
The incompatibility of ANDSF and RAN will also affect load balancing and system capacity.

	Solution 2
	Similar with Solution 1, this solution supports bi-directional offload, but also has the improper offloading issue affect load balancing and system capacity badly.

	Solution 3
	In current description of solution 3, addition of some indication will guarantee the solution 3 support bi-directional offlad. This solution does not have the issues mentioned above, and could perfectly satisify the load balancing and system capacity improvement.
Solution 3 can efficiently improve the system capacity.


[bookmark: OLE_LINK249][bookmark: OLE_LINK250]Observation 1: All the three solutions support bi-directional load balancing, but only solution 3 could improve the system capacity efficiently; solution 1 and solution 2 have negative impact on the system capacity.
Requirement 4
Solutions should reduce or maintain battery consumption (e.g. due to WLAN scanning/discovery).
	Solution 1
	[bookmark: OLE_LINK217][bookmark: OLE_LINK218]Solution 1 could maintain battery consumption through some power saving mechanism such as below:
·  If UE finds a fine WLAN, it do not need to scan for the better WLAN
· UE could amend its scan range based on UE’s current position and the information received from RAN


	Solution 2
	Solution 2 could maintain battery consumption through some power saving mechanism like solution 2.

	Solution 3
	[bookmark: OLE_LINK182][bookmark: OLE_LINK183]Solution 3 could maintain battery consumption through some power saving mechanism such as below:
· RAN can decide whether the WLAN scanning should be initiated and/or stopped according to the UE’s position information, load information, UE’s traffic status (with heavy traffic or not), and some other factors. And this could be send to UE through the Measurement control message.



[bookmark: OLE_LINK251][bookmark: OLE_LINK252][bookmark: OLE_LINK184][bookmark: OLE_LINK185]Observation 2: All the three solutions could maintain battery consumption through some power saving mechanism.
Requirement 9
Per-UE control for traffic steering should be possible.
	Solution 1
	

[bookmark: OLE_LINK172][bookmark: OLE_LINK173]Figure 1 Example of signalling flow chat for solution 1[1]
[bookmark: OLE_LINK176][bookmark: OLE_LINK177][bookmark: OLE_LINK178][bookmark: OLE_LINK179]Figure 1 is the example of signalling flow chat for solution 1 in current TR, the assistant information provided by RAN through broadcast signalling or dedicated signalling. 
[bookmark: OLE_LINK219][bookmark: OLE_LINK220]Using broadcast signalling to get per-UE control
In order for the solution to support Per-UE control, the assistant information broadcast need to consider all the UE and be able to reflect the difference. For example, the broadcast signalling could give the RAN threshold list devided by the UE’s load or data rate or whether the traffic is GBR. Table 1 give a simple example of RSSI threshold1 list devided by UE’s Load.
Table 1
	[bookmark: OLE_LINK168][bookmark: OLE_LINK169]RSSI threshold1
	UE’s Load

	[bookmark: OLE_LINK170][bookmark: OLE_LINK171]Threshold1 x1
	S1~S2

	Threshold1 x2
	S2~S3

	Threshold1 x3
	S3~S4


[bookmark: OLE_LINK223][bookmark: OLE_LINK224]UE recevice the system information, and get the list above, if UE’s load is between S1 and S2, then UE use the Threshold1 x1, and so on. Threshold1 x1> Threshold1 x2> Threshold1 x3, and level of UE’s load between S1 and S2 is low, between S2 and S3 is medium, between S3 and S4 is high.
[bookmark: OLE_LINK188][bookmark: OLE_LINK189][bookmark: OLE_LINK186][bookmark: OLE_LINK187][bookmark: OLE_LINK235][bookmark: OLE_LINK236][bookmark: OLE_LINK174][bookmark: OLE_LINK175]Such design can get a certain level of per UE control, but the control is not precise. Also this kind information need to coordinate with ANDSF’s policy, change of ANDSF’s policy is inevitable. Operate want the WLAN to be ultilized as much as possible, the threshold need tobe as reasonable as possible, therefore the RAN state and UE state change frequently the threshold need to be updated frequently.
[bookmark: OLE_LINK233][bookmark: OLE_LINK234][bookmark: OLE_LINK229][bookmark: OLE_LINK230][bookmark: OLE_LINK227][bookmark: OLE_LINK228][bookmark: OLE_LINK225][bookmark: OLE_LINK226]Another problem for the broadcast signalling to get per-UE control is that it will not make the best use of WLAN. For example, the current rule for RAN WLAN is the WLAN RSSI is larger than RSSI threshold1 and the BSS load is smaller than threshold2, and the current RSSI threshold 1 are showed in Table 1. As showed in Figure 2, a WLAN AP is located in the center of three circles C1, C2 and C3. We assume that WLAN RSSI is larger than Threshold1 x1 is located in circle C1, WLAN RSSI is larger than Threshold1 x2 is located in circle C2, WLAN RSSI is larger than Threshold1 x3 is located in circle C3. And we also assume UE1 has a medium load, UE 2 has a low load, UE 3 has a medium and UE4 has a low load.


Figure 2 Example of the UE location and the WLAN coverage.
[bookmark: OLE_LINK231][bookmark: OLE_LINK232]Based on the assumption presented above and the current rule and the RSSI threshold1, only UE3 could move flow from RAN WLAN. The WLAN could serve all these four UEs and would not overload. But UE1, UE2 and UE 4 could not move flow from RAN WLAN due to the RSSI threshold1.
Therefore the broadcast signalling to get per-UE control is that it will not make the best use of WLAN.
Using dedicated signalling to get per-UE control
The dedicated signalling could get a certain level of per UE control and the control could be more precise. But it is at the cost of increase the signalling overhead. As explained above, as the RAN state and UE state change frequently the threshold need to be updated frequently, considering the big number of UE, using the dedicated signalling further increase the signalling overhead.
[bookmark: OLE_LINK237][bookmark: OLE_LINK238][bookmark: OLE_LINK239][bookmark: OLE_LINK240]From the analysis above, in order to get per-UE control of solution 1, the signalling overhead may increase rapidly, and change of ANDSF’s policy is inevitable, and may not make the best use of WLAN.

	Solution 2
	

Figure 3 Example of signalling flow chat for solution 2[1]
[bookmark: OLE_LINK180][bookmark: OLE_LINK181]Figure 3 is the example of signalling flow chat for solution 2 in current TR, the assistant information provided by RAN through broadcast signalling or dedicated signalling. For solution 2, broadcast signalling can get a certain level of per UE control, but the control is not precise like the solution 1, and may have the same problems just like solution 1; dedicate signalling can get a more precise per UE control. Since the rule could be provided by RAN, per UE control of solution 2 is better than solution 1.
The signalling overhead of assistant information is the same with solution 1. The ANDSF indication is optionally send from UE to RAN, and RAN could provide the rule to UE, therefore the signalling overhead of solution 2 is larger than solution 1.
[bookmark: OLE_LINK241][bookmark: OLE_LINK242]From the analysis above, in order to get per-UE control of solution 2, the signalling overhead may increase rapidly, and may need change of ANDSF’s policy, and may not make the best use of WLAN.

	Solution 3
	

Figure 4 Example of signalling flow chat for solution 3[1]
Figure 4 is the example of signalling flow chat for solution 3 in current TR, since the WLAN scanning and the traffic steering are both could controlled by RAN, the per UE control of solution 3 is easy to satisify.
As presented in section 2.2, RAN could decide whether the WLAN scanning should be initiated and/or stopped according to the UE’s position information, load information, UE’s traffic status (with heavy traffic or not), and some other factors, therefore RAN do not need to send the measurement control message to every UE, and the number of dedicated signalling is reduced. 
Unlike solution 1 and 2, the measurement control do need to change frequenctly when RAN state and UE state changed, in one RRC connection, RAN just send the measurement control message limited times and the number is controllable, which could gauratee the measurement report from UE is controllable.Therefore, the signalling overhead of solution 3 is controllable.
Solution 3 could provide precise per-UE control and the signalling overhead is controllable.


[bookmark: OLE_LINK253][bookmark: OLE_LINK254]Observation 3: In order to get per-UE control of solution 1, the signalling overhead may increase rapidly, and change of ANDSF’s policy is inevitable, and may not make the best use of WLAN.
Observation 4: In order to get per-UE control of solution 2, the signalling overhead may increase rapidly, and may need change of ANDSF’s policy, and may not make the best use of WLAN.
[bookmark: OLE_LINK247][bookmark: OLE_LINK248]Observation 5: Solution 3 could provide precise per-UE control and the signalling overhead is controllable.
Requirement 10
Solutions should ensure that access selection decisions should not lead to ping-ponging between UTRAN/E-UTRAN and WLAN.
	Solution 1
	[bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK7][bookmark: OLE_LINK263][bookmark: OLE_LINK264][bookmark: OLE_LINK271][bookmark: OLE_LINK274]Solution 1 face a critical problem which is simultaneous massive access network selection/traffic steering and ping-pong events, in order to ease the problem, some company proposal to use the method of randomization[2]. Here we try to analysis the effect of this solution.
[bookmark: OLE_LINK265][bookmark: OLE_LINK266][bookmark: OLE_LINK267][bookmark: OLE_LINK268][bookmark: OLE_LINK221][bookmark: OLE_LINK222][bookmark: OLE_LINK269][bookmark: OLE_LINK270][bookmark: OLE_LINK272][bookmark: OLE_LINK273]We assume that RAN broadcast the RAN load information, and the rule from 3GPP  WLAN: if RAN RSRP is less than threshold s and RAN direct load is greater than threshold x, and if WLAN RSSI is greater than threshold r and WLAN BSS load is less than threshold y, move flow to WLAN. The rule from WLAN  3GPP: if WLAN BSS load is larger than threshold z, move flow to 3GPP. We assume there are 20 UE satisify the 3GPP  WLAN rule and their average rate is 1Mbps, and the remaining bandwidth of WLAN is 10MHz. The randomization factor is 0.8.
Theoretically, there would be about 16 UE execute the offload from 3GPP to WLAN, but the WLAN can only provide 10MHz to the incomer, the 16 UE would immediately cause the WLAN overload and all the UE in WLAN satisify the WLAN  3GPP rule and theretically, there are about 80% UE currently in the WLAN would move their flow to RAN, and the number of these UE may larger than 20, so the RAN also be overload immediately.
From above example we can see that the method of randomization does not solve the ping-pong event. The reason is RAN have no knowledge of the number would move flow between the RAN and WLAN, and the WLAN remaining capacity could not get by RAN, therefore the randomization factor configured by RAN have high probability to be improper.
What if RAN configures the randomization factor with a smaller number, such as 0.1? Then the ping-pong event could be solved. But other problems emerge: the overload accss network needs long time to be non-overload and the WLAN could not get fully ultilized.
The randomization could not solve the ping-pong event efficiently. Solution 1 has high risk to lead to ping-pong.

	Solution 2
	Solution 2 has the same problems with solution 1.

	Solution 3
	Since RAN knows the load of BSS and can control the traffic flow move to/from WLAN, solution 3 will not lead to ping-pong.


[bookmark: OLE_LINK281][bookmark: OLE_LINK282]Observation 6: Solution 1 and solution 2 have high risk to lead to ping-pong, solution 3 will not lead to ping-pong.
Special scenarios
Some special scenarios need to be considered:
· When UE perform handover, source cell support the RAN enhancement for WLAN interworking but the target cell does not support.
In such scenario, if UE have traffic flow in both RAN and WLAN, after complete the handover, solution 1 and solution 2 could guarantee the traffic flow in WLAN could timely go to RAN by using the rule and assistant information received in ANDSF or source cell. But solution 3 may have problem about getting the traffic flow go to RAN since the target cell will not send the steering command to UE.
·  When UE has no traffic in both RAN and WLAN, RAN is suffering from overload, and there is a good WLAN near this UE.
In such scenario, once there are traffic initiate in UE, solution 1 and solution 2 could gurantee the UE use the WLAN to transfer the traffic, but solution 3 require UE first to establish a connection in RAN, then could move traffic to WLAN after receive the steering command from RAN.
Observation 7: In the scenarios mentioned above, solution 1 and solution 2 could work better than solution 3.
3 Conclusions
[bookmark: OLE_LINK200][bookmark: OLE_LINK201]Base on the discussion in this paper, we can see that the performance of solution 3 is better than solution 1 and 2, but in some special scenarios, only rely on solution 3 is not enough, therefore we propose to use solution 3 as baseline for the WLAN - UTRAN/E-UTRAN access network selection, and use solution 1 or 2 as supplement.
Proposal: Use solution 3 as baseline for the WLAN - UTRAN/E-UTRAN access network selection, and use solution 1 or 2 as supplement.
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