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1 Introduction
In RAN2#89bis meeting, user plane protocols for LTE-WLAN aggregation are discussed and two main solutions are proposed, i.e., GTP-U tunnel and IP tunnel [1]. Generally, GTP-U tunnel enables per UE per bearer tunnelling between eNB and a new node called WLAN Logical Node (WLN) and relies on WLN to translate UP data from eNB into the formats handled by each WLAN AC/AP. IP tunnel enables tunnelling between eNB and UE which can work with any WLAN deployment without any modification or new node. This document analyzes the node impact of both GTP-U tunnel and IP tunnel solution for LTE-WLAN aggregation.
2 Discussion
According to the analysis in [1], the key aspects for LTE-WLAN aggregation are as follows,
· UE WLAN ID and LTE ID correlation

· Data forwarding to application layer or PDCP layer
· Bearer mapping
· QoS mapping

· Flow control
Based on the key aspects, we compare the eNB/WLAN/ UE impact of the GTP-U tunnel and IP tunnel solution for LTE-WLAN aggregation in following sections: 
2.1 Impact on the eNB
	Impact on eNB
	GTP-U tunnel solution
	IP tunnel solution

	UE WLAN ID and LTE ID correlation
	When establishing a GTP-U tunnel to the WLN, the eNB needs to indicate for which UE this tunnel is, using some WLAN ID, i.e. the eNB needs to know the UE WLAN ID in advance, e.g. the UE provides its MAC address to the eNB via RRC signalling and the eNB provides this MAC address when establishing the GTP-U tunnel. 
	The eNB needs to provide an IP address to the UE via RRC, in order for the UE to contact the eNB through WLAN.
To avoid any issue (security, load), the eNB should have a specific network interface towards WLAN APs/ACs (i.e. not use the same interface like the mobile network transport network layer).
The eNB may identify the UE by the message sent by UE which contains UE corresponding ID. 



	Data forwarding to application layer or PDCP layer
	⁄
	/

	Bearer mapping
	Either the eNB inserts bearer info into the PDCP header/an adaptation layer under PDCP layer or the WLN inserts adaptation layer containing bearer info under PDCP layer.

	The eNB inserts bearer info into PDCP header/an adaptation layer under PDCP layer or uses SPI if IPSec is adopted. 


	QoS mapping
	The eNB provides QoS level of the WLAN bearers and split bearers when establishing a GTP-U tunnel. 
	The eNB maps QoS level of the WLAN bearers and split bearers into DSCP domain in IP header. 

	Flow control
	Option 1: The eNB provides Xw-U SN together with data packets.
Option 2: If based on UE report, there is no additional work in the eNB. 
	⁄

	Others
	
	Additional IP layer under PDCP layer in eNB side, i.e. extra overhead.


Observation 1: The IP tunnel solution requires a specific network interface towards WLAN AP/ACs.
2.2 Impact on WLAN 
	Impact on WLAN
	GTP-U tunnel solution
	IP tunnel solution


	UE WLAN ID and LTE ID correlation
	The WLN needs to translate UP data from eNB to the (possibly proprietary) format handled by WLAN AC/AP, e.g., route data to UE based on mapping TEID of GTP-U tunnel to UE MAC address in WLAN.
	⁄

	Data forwarding to application layer or PDCP layer
	WLN inserts Ethertype indicating “PDCP” PDU in SNAP header of IEEE 802.3 frame, which will be copied into IEEE 802.11 frame. If UL aggregation is supported, the WLN has to intercept bearer info contained in PDCP/adaptation layer, in order to know which GTP-U tunnel the data should be forwarded to.
	⁄

	Bearer mapping
	Either the eNB inserts bearer info into PDCP or adaptation layer or the WLN inserts adaptation layer containing bearer info under PDCP layer.
	⁄

	QoS mapping
	The WLN extracts QoS level when establishing GTP-U tunnel and translates it into the (possibly proprietary) format handled by WLAN AC/AP
	⁄

	Flow control
	Option 1:The WLN sends status report based on Xw-U SN contained in GTP-U extended header and per AP/UE buffer status of WLAN AP. That is, WLN needs to be aware of WLAN AP’s buffer status per AP/UE/bearer. Option2: no impact on WLN if UE sends PDCP status report to eNB
	⁄


Observation 2: The IP tunnel solution has no impact on existing WLAN AP/ACs. The GTP-U tunnel solution relies on a WLN which provides the interface to existing WLANs.  Between the WLN and the WLAN AP/ACs, the interface and mechanisms for user plane transport, QoS and flow control are not specified, i.e. they are up to WLAN vendors. Any impact to existing WLAN AP/AC deployment depends on each WLAN vendor.
2.3 Impact on UE

	Impact on UE
	GTP-U tunnel solution
	IP tunnel solution

	UE WLAN ID and LTE ID correlation
	The UE informs eNB its MAC address in WLAN via RRC. 
	The UE needs to send a message containing UE IDto the eNB. In this way, the eNB is able to correlate UE’s IP address with UE LTE ID.

	Data forwarding to application layer or PDCP layer
	The UE distinguishes IP/“PDCP” packet after decapsulating IEEE 802.11 frame from Ethertype.  Additional work in IEEE is needed in order to define new Ethertype for PDCP.
	The UE distinguishes IP/“PDCP” packet after decapsulating IEEE 802.11 frame from source IP address.

	Bearer mapping
	A unified PDCP entity or adaptation entity is needed for the UE to read bearer info and then send PDCP PDUs to the corresponding PDCP entity.
	A unified PDCP entity or adaptation entity is needed for the UE to read bearer info and then send PDCP PDUs to the corresponding PDCP entity.

	QoS mapping
	⁄
	⁄

	Flow control
	Either the WLN sends status report over the eNB-WLAN interface or the UE sends PDCP status report to the eNB.
	The UE sends PDCP status report to the eNB.

	others
	
	Additional IP layer under PDCP layer in UE side, i.e. extra overhead.


Observation 3: The IP tunnel and the GTP-U solutions have similar impact on the UE.
3 Conclusion
In this contribution, node impact of both GTP-U and IP tunnel solution for LTE-WLAN aggregation are compared, and the following observations and proposal were made. 
Observation 1: The IP tunnel solution requires a specific network interface towards WLAN AP/ACs..

Observation 2: The IP tunnel solution has no impact on existing WLAN AP/ACs. The GTP-U tunnel solution needs to deployrelies on a WLN to which provides the interface to existingadapt WLANs.  Between the WLN and the WLAN AP/ACs, the interface and mechanisms for user plane transport, QoS and flow control are not specified, i.e. they are up to WLAN vendors. Any impact to existing WLAN AP/AC deployment depends on each WLAN vendor. 
Observation3: The IP tunnel and the GTP-U solutions have similar impact on the UE.

Proposal: Discuss the preferable option from operator perspective. 
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