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1 Introduction

During RAN2#90, RAN2 made good progress w.r.t. the architecture to be used for LTE-WLAN aggregation.  A.o. RAN2 decided to have 2 types of mobility:

1) Mobility “transparent” to the eNB

· a UE can move freely amongst WLAN AP’s belonging to a configured “WLAN AP set” 

2) Mobility based on measurement reports

· Mobility outside the WLAN AP set will require UE measurement reporting and eNB involvement 
In this contribution we will look at the mobility handling for these two cases in more detail. We will use the term “WLAN AP set” for the group of WLAN AP’s among which the UE is allowed to perform “transparent” mobility. Proposals made in this contribution are valid irrespective of whether transmission of UL PDCP PDU’s is only allowed in LTE or also in WLAN.
2 Mobility scenarios
Figure 1 shows the main mobility scenarios we assume that will have to be supported as a result of the RAN2#90 decisions:
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Figure 1: Mobility scenarios with WLAN aggregation

As shown in figure 1, the following mobility scenarios can be discerned:

1) UE first time moving into WLAN AP of WLAN AP set 

2) UE moving from one WLAN AP into coverage of another WLAN AP of the configured WLAN AP set with adjacent coverage

3) UE moving from one WLAN AP into coverage of another WLAN AP of the configured WLAN AP set with short out of coverage duration (e.g. 50ms)

4) UE moving from one WLAN AP into coverage of another WLAN AP of the configured WLAN AP set with longer out of coverage duration (e.g. 3s)
5) UE moving from one WLAN AP into coverage of WLAN AP not part of currently configured WLAN AP set
6) UE moving out of WLAN AP coverage

In the next sections we will discuss each of these mobility scenarios in more detail. In general we will try to keep procedure as simple as possible, and as aligned as possible for different mobility scenarios / bearer types.
3 UE first time moving into WLAN AP of WLAN AP set 

Figure 2 shows a potential sequence for this mobility scenario. 
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Figure 2: UE moving into first WLAN AP of WLAN AP set
The following points should be noted about this sequence:

Step 5:
We assume PDCP will be configured in re-ordering mode whenever a bearer is using LTE-WLAN aggregation. This will allow parallel reception over LTE and WLAN, and will allow flexible  loss recovery (2c and 3c). Note that the re-ordering mode would be configured even while the communication in WLAN is (temporarily) lost.
Step 6:
We assume, conform DC, the UE may respond with an RRC Connection Reconfiguration Complete before having complete access procedures in WLAN.
Step 10:
We assume that after every successful (re-) association + authentication (if required) in WLAN, the WT will inform the ENB that communication with the UE is possible. As we will see in later flows, this indication will also imply that the WT has cleared all UL/DL buffers for this UE (not relevant for this mobility scenario).
Note that in general RAN3 will be responsible for specifying the Xw signaling and thus indicated Xw procedures are only indicative. E.g. step 10 could also be a user plane procedure.

Proposal 1:
When configuring a WLAN AP set, the UE can respond with an RRC Connection Reconfiguration Complete even before finalizing access in a WLAN AP of the WLAN AP set.

Proposal 2:

Whenever the UE is configured with LTE-WLAN aggregation, regardless of whether any communication over WLAN is actually possible, bearers running over WLAN are configured with PDCP re-ordering.
Proposal 3:
After any successful (Re-)association + authentication (if required) in WLAN, the WT will inform the ENB that it flushed UL/DL buffers and communication with the UE is (again) possible
.

4 Intra-WLAN AP set mobility 


Next we look at mobility scenarios 2,3 4 (and 6) which are the focus point of this contribution. For the handling of these mobility scenarios we make the following assumptions:

i) 
UL PDCP PDU’s are only transmitted in LTE during LTE-WLAN aggregation (valid for 2c and 3c bearer type). This might change in a later release, and it might be helpful if a proposed user plane solution does not depend on this restriction.

ii) 
Rel-13 focuses on the 3c bearer type. No enhancements specifically for the 2c bearer type will be introduced.

iii) 
When the UE moves from one AP to another AP in the WLAN AP set, packet loss may occur. 

iv) 
It would be good to avoid extensive ENB involvement like e.g. WT release + WT add every time the UE goes out of coverage for a shorter duration in the WLAN AP set. 
v) 
The urgency for the need for the eNB to take corrective actions may depend on the services configured.
Based on the above, we want to propose the following UE behavior for the mobility scenarios 2,3 and 4:
a) Whenever the UE ends communication with a WLAN AP (e.g. coverage loss, change of WLAN AP, end of communication with WLAN AP due to change of user preferences), it will trigger a PDCP data recovery procedure

Note that in Rel-13 the UL PDCP status report/UL PDCP PDU data retransmissions can always be immediately transmitted over LTE. If in later releases a bearer type with only UL transport over WLAN would be introduced, the UL PDCP status report transmission/UL data retransmissions would only take place after WLAN communication is restored.
b) UE is configured with a “WLAN failure reporting time” by RRC
a. When the UE ends communication with a WLAN AP, it starts a WLAN failure reporting timer.

b. The timer is stopped when communication is restored in WLAN.

c. When the WLAN failure reporting timer expires, a WLAN failure is reported to the eNB (similar to SCG failure reporting in dual-connectivity). 
It is proposed to report this failure in an RRC WLAN STATUS message. This message can also be used for other purposes (e.g. inactivity signaling, user preference signaling). 
Together with the proposed WT behavior in proposal 3, we think this provides a complete solution for handling all mobility scenarios. Let us now look at a number of example mobility scenarios. 
Example 1:  
UE with a 2c/3c bearer active on WLAN AP1 moves into coverage of an adjacent WLAN AP2 of the same configured WLAN AP set
Figure 3 shows a signaling sequence in case of a 3c bearer (2c bearer discussed in Annex A):
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Figure 3: UE moving into coverage of another WLAN AP of the configured WLAN
 AP group with adjacent coverage

Step1-6:
WLAN failure reporting timer is running for as long as no communication on WLAN is possible

Step 3-4:
The PDCP data recovery procedures may also (partly) run over WLAN if WLAN is communication is recovered before data recovered procedures have completed. 

Step 3-7:
Although figure 3 shows step 8 arriving at the ENB much later than step 3a, due to race conditions this might not always be valid. This will not result in problems as long as the eNB takes the appropriate actions:
· 
Reception of UL PDCP status report should be seen as an indication that communication in WLAN is lost. DL retransmissions can be performed in LTE (if supported by the bearer type).

· 
Reception of the {WT UE Comm possible} message should be seen as an indication that communication is again possible over WLAN and that WLAN flushed the UL/DL buffers. 
Thus:

· 
If the UL PDCP status report is received first, DL PDCP status report transmission/DL retransmissions over LTE can be triggered until the {WT UE Comm possible} message is received (if at all) after which also tx/rx over WLAN is possible.

· 
If the {WT UE Comm possible} is received first, the eNB knows the WT has cleared its buffers and some UL/DL data may have been lost. The eNB could transmit a DL PDCP status report and can continue transmissions/receptions over LTE and WLAN, but knows it may have to transmit a DL PDCP status report/perform DL retransmissions after receiving the UL PDCP status report.   

Example 2:  
UE with a 2c/3c bearer active on WLAN AP1 moves into coverage of another WLAN AP2 of the same configured WLAN AP set after a short out of coverage situation, i.e. not long enough to trigger the WLAN failure reporting timer to expire
Figure 4 shows a signaling sequence in case of a 3c bearer (2c bearer again discussed in Annex A):
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Figure 4: UE moving out of coverage of WLAN AP 1, into coverage of another WLAN AP of the configured WLAN  AP group with a small delay (e.g. 50ms)
The same step related clarifications as indicated below figure 3 are also applicable to this mobility scenario.
Example 3:  
UE with a 2c bearer active on WLAN AP1 moves into coverage of another WLAN AP2 of the same configured WLAN AP set after a longer out of coverage situation i.e WLAN failure reporting timer expires
Figure 5 shows the mobility scenario of a UE with a 2c bearer not finding a WLAN AP before WLAN failure reporting timer expiry. In this example scenario, the eNB decides to reconfigure the bearer to a 1a bearer.
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Figure 5: UE with 2c bearer moving out of coverage of WLAN AP and no WLAN AP detected before WLAN failure reporting timer expiry
As can be seen in figure 5, after step 5 the eNB decides in this example to release the WT and have the bearer continue as a 1a bearer. 
Note 1:
Note that this sequence is also applicable for scenario 6 (i.e. moving out of WLAN coverage). 

Note 2:
Some optimizations could be made to avoid the double data recovery (steps 3/4 and 11/12), or avoid UL data recovery in general (steps 3b/4a/11b/12a). However we assume it is not necessary to optimize these sequences further. 

Example 4:  
UE with a 3c bearer active on WLAN AP1 moves into coverage of another WLAN AP2 of the same configured WLAN AP set after a longer out of coverage situation i.e WLAN failure reporting timer expires
Figure 6 shows the case a UE with a 3c bearer not finding a WLAN AP before WLAN failure reporting timer expiry. In this example scenario, the eNB decides to maintain the bearer as a 3c bearer thus enabling easy WLAN continuation when another WLAN AP from the WLAN AP set is found.
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Figure 6: UE with 3c bearer moving out of coverage of WLAN AP and no WLAN AP detected before WLAN failure reporting timer expiry
I.e. in this example, after step 10 without any further control signaling communication over WLAN can take place.
Based on the above, following proposals are made:

Proposal 4: Whenever the UE ends communication with a WLAN AP (e.g. coverage loss, change of WLAN AP, end of communication with WLAN AP due to change of user preferences), it will trigger a PDCP data recovery procedure

Proposal 5:  UE is configured with a “WLAN failure reporting time” by RRC

a. When the UE ends communication with a WLAN AP, it starts a WLAN failure reporting timer.

b. The timer is stopped when communication is restored in WLAN.

c. When the WLAN failure reporting timer expires, a WLAN failure is reported to the eNB (similar to SCG failure reporting in dual-connectivity). 
It is proposed to report this failure in an RRC WLAN STATUS message. This message can also be used for other purposes (e.g. inactivity signaling, user preference signaling). 

5 UE moving into WLAN AP not part of WLAN AP set 

Although not resulting in any further proposals, for completeness we also show in figure 7 the signaling sequence for a mobility scenario in which the UE moves into a WLAN AP not part of the currently configured WLAN AP set. In this case we assume that there are two WLAN AP sets to consider, each related to a separate WT, as shown in figure 1.
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Figure 7: UE with 3c bearer moving into WLAN AP not part of the current WLAN AP set
Step 6:
Again as in previous mobility scenarios, the WLAN failure reporting time is started when communication with a WLAN AP is ended (proposal 4).
6 Conclusion

RAN2 is requested to discuss and if possible agree on the following proposals:

 Proposal 1:
When configuring a WLAN AP set, the UE can respond with an RRC Connection Reconfiguration Complete even before finalizing access in a WLAN AP of the WLAN AP set.

Proposal 2:

Whenever the UE is configured with LTE-WLAN aggregation, regardless of whether any communication over WLAN is actually possible, bearers running over WLAN are configured with PDCP re-ordering.
Proposal 3:
After any successful (Re-)association + authentication (if required) in WLAN, the WT will inform the ENB that it flushed UL/DL buffers and communication with the UE is (again) possible.

Proposal 4: 
Whenever the UE ends communication with a WLAN AP (e.g. coverage loss, change of WLAN AP, end of communication with WLAN AP due to change of user preferences), it will trigger a PDCP data recovery procedure

Proposal 5:  
UE is configured with a “WLAN failure reporting time” by RRC

a. When the UE ends communication with a WLAN AP, it starts a WLAN failure reporting timer.

b. The timer is stopped when communication is restored in WLAN.

c. When the WLAN failure reporting timer expires, a WLAN failure is reported to the eNB (similar to SCG failure reporting in dual-connectivity). 
It is proposed to report this failure in an RRC WLAN STATUS message. This message can also be used for other purposes (e.g. inactivity signaling, user preference signaling). 

Annex A: 2c bearer example signaling sequences
Example 1:  
UE with a 2c/3c bearer active on WLAN AP1 moves into coverage of an adjacent WLAN AP2 of the same configured WLAN AP set:
In case of a Rel-13 2c bearer, the signaling sequence will identical to the sequence shown in figure 3. Figure A.1 shows the signaling sequence in for a 2c’ bearer type possibly introduced in Rel-14, where the UL transport would only be via WLAN. 
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Figure A.1: 2c bearer example

Example 2:  
UE with a 2c/3c bearer active on WLAN AP1 moves into coverage of another WLAN AP2 of the same configured WLAN AP set after a short out of coverage situation, i.e. not long enough to trigger the WLAN failure reporting timer to expire:
In case of a Rel-13 2c bearer, the signaling sequence will identical to the sequence shown in figure 4. Figure A.2 shows the signaling sequence in for a 2c’ bearer type possibly introduced in Rel-14, where the UL transport would only be via WLAN. 
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Figure A.2: 2c bearer example
� Flushing of UL buffers is only applicable if UL PDCP PDU’s are handled over WLAN.
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