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Discussion
1. Introduction
In RAN Plenary #68 meeting, the new WI on LTE-WLAN Radio Level Integration and Interworking Enhancement has been approved. Its objectives are to define LTE-WLAN Aggregation and Interworking Enhancement solutions addressing the co-located and non-co-located scenarios where Aggregation solution is based on the Release-12 Dual Connectivity solutions 2C and 3C and Interworking Enhancement is based on solution-3 in the Release-12 SI on 3GPP/WLAN Radio Interworking. In this contribution, we focus on flow control for Xw user plane and provide our view on it.
2. Discussion

2.1 Assumptions for LTE-WLAN aggregation
In [1], Solutions for Aggregation and Interworking Enhancement should address the following requirements:

1. Co-exist with other 3GPP/WLAN interworking solutions 

2. Avoid IEEE 802.11 specification impacts 

3. Solutions for Aggregation should not require WLAN-specific CN nodes and CN interfaces, i.e. LTE-WLAN Aggregation should be transparent to EPC. Solutions for Interworking Enhancement should not require additional WLAN-specific CN nodes and CN interfaces and additional CN signalling.

4. Solutions for Aggregation should not prevent discovery and use of other WLAN networks based on user preferences

5. Solutions shall consider only WLAN nodes deployed and controlled by operators and their partners

6. Solutions for Aggregation should build upon Release-12 LTE Dual Connectivity architecture
7. Solutions for Interworking Enhancement should build upon WLAN/3GPP Radio Interworking studied in Release-12

8. Improve mobility to/from WLAN while minimizing the core network signalling
9. Improve network control of WLAN offload
10. Improve overall UE throughput by using both cellular and WLAN access
The objective of the work item related to RAN3 are:

1. Specify the required control plane and user plane signalling and interface between eNB and WLAN termination point for non-co-located deployment of LTE-WLAN Aggregation based on Release-12 Dual Connectivity solutions 2C and 3C.
2. Specify procedures and signalling for the exchange of parameters (e.g., parameters that were considered beneficial in TR 37.870 and that may be found beneficial for Aggregation and Interworking Enhancement).

When to consider highlighted ones above, the protocol architecture for LTE-WLAN aggregation should be based on Rel-12 DC architecture. So, flow control defined in [2] can be reused for Xw flow control. In order to re-utilize flow control in Rel-12 DC and minimize standardization impact, we assumed that the adaptation layer between PDCP layer in the eNB and the WLAN MAC layer is located in the WLAN side. If it exists in eNB side, additional entity may be needed in the WLAN side to perform flow control.
Assumption 1. The adaptation layer is located in the WLAN side.
For Xw flow control, UE based feedback on the LTE air interface cannot be considered as feedback transmission because it cannot be as frequent as network based feedback. So it may reduce the aggregation performance gains than network based feedback.
Assumption 2. Network based feedback is considered as feedback transmission.

2.2 Flow control for Xw-U interface
The flow control in Rel-12 DC is performed based on the following information which the SeNB provides [2]:

a)
the highest PDCP PDU sequence number successfully delivered in sequence to the UE among those PDCP PDUs received from the MeNB;

b)
the desired buffer size in bytes for the concerned E-RAB;

c)
the minimum desired buffer size in bytes for the UE;

d)
the X2-U packets that were declared as being "lost" by the SeNB and have not yet been reported to the MeNB within the DL DATA DELIVERY STATUS frame.

For each information above, we examine whether it can be re-used for LTE-WLAN aggregation.

The highest PDCP PDU sequence number successfully delivered in sequence to the UE among those PDCP PDUs received from the eNB
In Rel-12 DC solution 3C, the highest PDCP PDU sequence number successfully delivered in sequence to the UE is sent by the SeNB based on RLC status report which RLC layer in the UE side provides. If the adaptation layer in the WLAN side can support RLC layer, the WLAN could provide this highest PDCP PDU sequence number to the eNB as feedback.
When to offer this feedback to the eNB, there may be the following impact. The WLAN MAC layer in the WLAN AP does not understand status report by RLC layer of the UE. So, upon receipt of RLC status report from the UE, it cannot know that this status report should be transmitted to which entity or layer. In order to transfer this report to the adaptation layer, it seems to need an indication for informing that the corresponding packet is transmitted to the adaptation layer.
Observation 1: Feedback for the highest PDCP PDU sequence number successfully delivered in sequence to the UE can be reused if the adaptation layer in the WLAN side can support RLC layer.
Desired buffer size for per bearer and/or per UE
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Figure 1. Xw user plane architecture supporting LTE-WLAN integration
As illustrated in Figure 1, it is assumed that two bearers are set toward WLAN to transfer the data for UE1. The adaptation layer in WLAN AP may perform the mapping of LTE QoS to user priorities (UP) of WLAN. After that, in the WLAN MAC layer, through the enhanced distributed channel access (EDCA) mechanism, the data of UE1 is classified according to UP and is queued in appropriate access categories (AC) queue. They wait during back-off time allocated to the AC queue and is transmitted to UE1.
In order to report the buffer size for per bearer or per UE to the eNB, the adaptation layer may need to obtain the information related to the number of packets within each AC queue of the WLAN MAC layer. If checking the number of packets for the UE in each AC queue is possible in the WLAN MAC layer, the adaptation layer can know the buffer size for per UE based on the this information provided by the WLAN MAC layer. However, it is not easy to understand the buffer size for per bearer. It is because a level of LTE QoS and UP of WLAN is different as described in Table 1 and 2. So, the adaptation layer may not know that the information provided by the WLAN MAC layer indicates the number of packets of which LTE QoS level. For example, in Table 1 and 2, QoS related to video is four and two, respectively. It is assumed that UP 5 is mapped into QCI 2 and 4. If the adaptation layer receives the number of packets for UP 5 from the WLAN MAC layer, it cannot decide the number of packets of which QCI.
Table 1. Standardized QCI characteristics [3]
	QCI
	Resource Type
	Priority
	Packet Delay Budget (NOTE 1)
	Packet Error Loss

Rate (NOTE 2)
	Example Services

	1
(NOTE 3)
	
	2
	100 ms
	10-2
	Conversational Voice

	2
(NOTE 3)
	
GBR
	4
	150 ms
	10-3
	Conversational Video (Live Streaming)

	3
(NOTE 3)
	
	3
	50 ms
	10-3
	Real Time Gaming

	4
(NOTE 3)
	
	5
	300 ms
	10-6
	Non-Conversational Video (Buffered Streaming)

	5
(NOTE 3)
	
	1
	100 ms
	10-6
	IMS Signalling

	6
(NOTE 4)
	
	
6
	
300 ms
	
10-6
	Video (Buffered Streaming)
TCP-based (e.g., www, e-mail, chat, ftp, p2p file sharing, progressive video, etc.)

	7
(NOTE 3)
	Non-GBR
	
7
	
100 ms
	
10-3
	Voice,
Video (Live Streaming)
Interactive Gaming

	8
(NOTE 5)
	
	
8
	

300 ms
	

10-6
	
Video (Buffered Streaming)
TCP-based (e.g., www, e-mail, chat, ftp, p2p file

	9
(NOTE 6)
	
	9
	
	
	sharing, progressive video, etc.)


Table 2. UP-to-AC mapping [4]
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Observation 2: Feedback for the buffer size per UE can be reused if the adaptation layer can obtain the information related to the number of packets within each AC queue of the WLAN MAC layer in WLAN AP side.
Observation 3: Feedback for the buffer size per bearer cannot be reused.

The Xw-U packets that were declared as being “lost” by the WLAN and have not yet been reported to the eNB

When the eNB sends user data to the WLAN via Xw-U interface, it can assign consecutive Xw-U sequence numbers to each transferred Xw-U packet as the MeNB in Rel-12 DC [2]. The WLAN can detect whether Xw-U packet was lost and memorise the respective sequence number after it has declared the respective Xw-U packet as being “lost”. Then, it is able to report this information to the eNB.
Observation 4: Feedback for packets lost on Xw-U interface can be reused.
Based on above analysis, the following is proposed:
Proposal: Flow control mechanism defined in Rel-12 DC architecture 3C should be reused for Xw-U interface.
3. Conclusion
In this contribution, we focused on flow control for Xw user plane and provided our view on it. The following proposal is kindly suggested to RAN3:
Proposal: Flow control mechanism defined in Rel-12 DC architecture 3C should be reused for Xw-U interface.
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