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Discussion and Decision
1      Introduction
In Rel-13, 3GPP defined LTE-WLAN Aggregation (LWA) feature; however due to time constraints, a number of proposed enhancements were left out. In RAN#71, a new Rel-14 work item eLWA [1] has been approved. One of the objectives is the “Mobility optimizations, e.g. intra and inter eNB handover without WT change and improvements for Change of WT”. 
A baseline CR was endorsed in [6] during last meeting. Basic signalling flow was agreed as a baseline. However, several details were still FFS. In this contribution, we discuss different options to communicate between the source eNB and target eNB and the WT to support handover without WT change and the security aspects based on reply LS from SA3.
2      Discussion
In Rel-13 LWA, the handover without WT change procedure is not explicitly supported (currently only can be done by performing WT release and re-addition). Such situation is handled implicitly and inefficiently as follows: the source WT is released before handover by the source eNB and the same WT (as target WT) is added by the target eNB after handover. This may result in service interruption visible to the user. We believe optimized handover without WT change procedure may be beneficial for two reasons: to prevent packet loss during the transition and, if possible, to allow the UE to remain associated to the current serving WLAN AP when the AP is under coverage of both the target and the source eNB, e.g. on the cell edge. 

2.1     Signaling flow 

Figure 1 shows signaling flow of handover without WT change. In step 1, the source sends the handover request to the target eNB along with LWA configuration. If the target eNB agrees to admit the UE and to keep the current WT, then it sends a WT addition request message in step 2 to the same WT that is indicated in the handover request message together with the UE identifier. The WT then responds with an acknowledgement in step 3. Finally, the target eNB sends the acknowledgement to the source eNB. Steps 1 to 4 have been agreed by RAN3 already.
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Figure 1: handover without WT change
This is so far the agreed signaling flow from last RAN3 meeting. The FFS are as follow:

· Handover request message (step 1): The content of the LWA information from source eN

· WT addition request message (step 2): The UE identity 

· Handover request ACK message (step 4): The content of the LWA information and forwarding address from the target eNB

Handover request message (step 1): LWA information 
We propose to define a LWA container to be added in the handover request message in X2. The container shall carry the following information:

1. WT identifier – the target eNB should be able to know which WT the UE is currently associated with

2. UE Identity used on the Xw interface (i.e. UE WLAN MAC address)

3. WLAN security information – since SA3 clarified in their reply LS [7] that the target eNB does not have to generate a new WLAN authentication key immediately, to allow the UE to remain associated with the current WLAN AP (if it is within the target eNB coverage)
4. WLAN mobility set – as the target eNB may want to modify the mobility set, it needs to know what is currently configured in the UE

Proposal 1: to extend the Handover Request XwAP message with the following information: WT identifier, UE identity, WLAN security information and WLAN mobility set. 

The changes required in TS36.423 [4] shown in red below:

9.1.1.1
HANDOVER REQUEST

This message is sent by the source eNB to the target eNB to request the preparation of resources for a handover.

Direction: source eNB ( target eNB.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.2.13
	
	YES
	reject

	Old eNB UE X2AP ID
	M
	
	eNB UE X2AP ID

9.2.24
	Allocated at the source eNB
	YES
	reject

	Cause
	M
	
	9.2.6
	
	YES
	ignore

	Target Cell ID
	M
	
	ECGI 

9.2.14
	
	YES
	reject

	GUMMEI
	M
	
	9.2.16
	
	YES
	reject

	UE Context Information
	
	1
	
	
	YES
	reject

	>MME UE S1AP ID
	M
	
	INTEGER (0..232 -1)
	MME UE S1AP ID allocated at the MME
	–
	–

	>UE Security Capabilities
	M
	
	9.2.29
	
	–
	–

	>AS Security Information
	M
	
	9.2.30
	
	–
	–

	>UE Aggregate Maximum Bit Rate
	M
	
	9.2.12
	
	–
	–

	>Subscriber Profile ID for RAT/Frequency priority
	O
	
	9.2.25
	
	–
	–

	>E-RABs To Be Setup List
	
	1
	
	
	–
	–

	>>E-RABs To Be Setup Item
	
	1 .. <maxnoof Bearers>
	
	
	EACH
	ignore

	>>>E-RAB ID
	M
	
	9.2.23
	
	–
	–

	>>>E-RAB Level QoS Parameters
	M
	
	9.2.9
	Includes necessary QoS parameters
	–
	–

	>>>DL Forwarding 
	O
	
	9.2.5
	
	–
	–

	>>>UL GTP Tunnel Endpoint
	M
	
	GTP Tunnel Endpoint 9.2.1
	SGW endpoint of the S1 transport bearer. For delivery of UL PDUs.
	–
	–

	>>>Bearer Type
	O
	
	9.2.92
	
	YES
	reject

	>RRC Context
	M
	
	OCTET STRING
	Includes the RRC Handover Preparation Information message as defined in subclause 10.2.2 of TS 36.331 [9]
	–
	–

	>Handover Restriction List
	O
	
	9.2.3
	
	–
	–

	>Location Reporting Information
	O
	
	9.2.21
	Includes the necessary parameters for location reporting
	–
	–

	>Management Based MDT Allowed
	O
	
	9.2.59
	
	YES
	ignore

	>Management Based MDT PLMN List
	O
	
	MDT PLMN List

9.2.64
	
	YES
	ignore

	UE History Information
	M
	
	9.2.38
	Same definition as in TS 36.413 [4]
	YES
	ignore

	Trace Activation
	O
	
	9.2.2
	
	YES
	ignore

	SRVCC Operation Possible
	O
	
	9.2.33
	
	YES
	ignore

	CSG Membership Status
	O
	
	9.2.52
	
	YES
	reject

	Mobility Information
	O
	
	BIT STRING (SIZE (32))
	Information related to the handover; the source eNB provides it in order to enable later analysis of the conditions that led to a wrong HO.
	YES
	ignore

	Masked IMEISV
	O
	
	9.2.69
	
	YES
	ignore

	UE History Information from the UE
	O
	
	OCTET STRING
	VisitedCellInfoList contained in the UEInformationResponse message (TS 36.331 [9])
	YES
	ignore

	Expected UE Behaviour
	O
	
	9.2.70
	
	YES
	ignore

	ProSe Authorized
	O
	
	9.2.78
	
	YES
	ignore

	UE Context Reference at the SeNB
	O
	
	
	
	YES
	ignore

	>Global SeNB ID
	M
	
	Global eNB ID

9.2.22
	
	
	

	>SeNB UE X2AP ID
	M
	
	eNB UE X2AP ID

9.2.24
	Allocated at the SeNB
	
	

	>SeNB UE X2AP ID Extension
	O
	
	Extended eNB UE X2AP ID

9.2.86
	Allocated at the SeNB
	
	

	Old eNB UE X2AP ID Extension
	O
	
	Extended eNB UE X2AP ID

9.2.86
	Allocated at the source eNB
	YES
	reject

	LWA Container
	O
	
	
	WT information during handover defined in TS36.300
	
	ignore

	>UE Identity
	M
	
	9.2.16
	
	YES
	reject

	>WLAN Security Information
	O
	
	9.2.27
	
	YES
	reject

	>Mobility Set
	M
	
	9.2.28
	
	YES
	reject

	>WT ID
	M
	
	9.2.6 in TS36.463
	
	YES
	reject


WT addition request message (step 2): The UE identity 
There are two options to support WT addition request for handover without WT change. One option is to reuse existing WT addition request message currently specified in TS 36.463 and add an indicator for handover without WT change to distinguish this from WT addition. The id-ENB-UE-XwAP-ID in this IE will represent the target eNB-UE identity. The WT in this case will need to search for this UE and update the information accordingly. The other option is to create a new IE for handover without WT change, which has bigger standardization and implementation impact. We prefer to reuse existing IE and the changes shown in red below:

9.1.14
WT ADDITION REQUEST

This message is sent by the eNB to the WT to request the preparation of resources for LTE-WLAN aggregation for a specific UE.
Direction: eNB ( WT.

	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.2.1
	
	YES
	reject

	eNB UE XwAP ID
	M
	
	UE XwAP ID 9.2.24
	Assigned by the eNB
	YES
	reject

	UE Identity
	M
	
	9.2.16
	
	YES
	reject

	WLAN Security Information
	O
	
	9.2.27
	
	YES
	reject

	Serving PLMN
	O
	
	PLMN Identity

9.2.3
	The serving PLMN for the UE.
	YES
	ignore

	E-RABs To Be Added List
	
	1
	
	
	YES
	reject

	>E-RABs To Be Added Item
	
	1 .. <maxnoof Bearers>
	
	
	EACH
	reject

	>>E-RAB ID
	M
	
	9.2.18
	
	–
	–

	>>E-RAB Level QoS Parameters
	M
	
	9.2.19
	Includes necessary QoS parameters
	–
	–

	>> eNB GTP Tunnel Endpoint
	M
	
	GTP Tunnel Endpoint 9.2.22
	Endpoint of the Xw transport bearer at the eNB
	–
	–

	Mobility Set
	M
	
	9.2.28
	
	YES
	reject

	Handover indicator
	O
	
	
	Indicate this is a handover without WT change
	–
	–


Proposal 2: to add HO indicator flag to the WT Addition request XwAP message, to differentiate between WT Addition used for LWA initiation and handover.
Handover request ACK message (step 4): The content of the LWA information and forwarding address from the target eNB

It seems that the current X2AP Handover Request Acknowledge message contains all the required information. In particular, it can support E-RABs admitted list and not admitted list, which can be used if some LWA bearers cannot be admitted. There seems to be no change required. Current message can support the handover without WT change feature.

Observation 1: no changes are required in the X2AP Handover Request Acknowledge message.

2.2     Security key
SA3 has replied the LS [7] regarding RAN2 questions below:

1) If the UE performs handover and KeNB is changed while UE remains connected to WLAN associated with the same WT, is it acceptable for the UE to retain the existing S-KWT after handover?

2) If it is necessary for the UE to replace the key with a new S-KWT derived from the new KeNB, then RAN2 would like SA3 to consider feasible solutions for Rel-14 eLWA potentially allowing the UE to remain associated with the WLAN after intra/inter-eNB handover.

SA3 answers to the question (1) above is “it is not necessary for the UE and WT to immediately replace the S-KWT with a new S-KWT derived from the new KeNB. e.g. during a handover or upon on PDCP Sequence Number wrap-around”. 
Then SA3 answers to the question (2) is “the S-KWT needs to be replaced at some later point in time. SA3 will review the security aspects of the solution developed in RAN on when and how to replace the S-KWT independent of KeNB changes and how to allow the UE to remain associated with the WLAN after intra/inter-eNB handover for Rel-14 eLWA”. From SA3 replies, due to security reason, old S-KWT needs to be replaced by new S-KWT derived from the new KeNB at some later point in time after handover. However, specific solution on how and when the key needs to be updated will be provided by SA3. This means the UE can continue using the old S-KWT during handover until handover is completed. Any specific solution SA3 to update the key can be added later. 

Based on the SA3 reply LS it seems that the target eNB does not need to allocate a new security key immediately upon handover and therefore may allow the UE to remain associated to the current WLAN AP. It needs to be discussed how such eNB behavior needs to be reflected in the specification. 

Proposal 3: to discuss how to capture in the specification the eNB behavior with regards to allocation of a new WLAN security key upon handover.

3      Conclusion
Proposal 1: to extend the Handover Request XwAP message with the following information: WT identifier, UE identity, WLAN security information and WLAN mobility set. 
Proposal 2: to add HO indicator flag to the WT Addition request XwAP message, to differentiate between WT Addition used for LWA initiation and handover.

Proposal 3: to discuss how to capture in the specification the eNB behavior with regards to allocation of a new WLAN security key upon handover.
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