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1. Introduction

In WI of LTE-WLAN radio level integration and interworking enhancement, a new feature called LTE-WLAN aggregation (LWA) is proposed. This document discusses the addition of new UE capabilities, i.e., total L2 buffer size for UEs, in order to facilitate the LWA configuration. 
2. Discussion

2.1 Dimension guideline of L2 buffer size
The total L2 buffer sizes are currently defined per UE category as UE capabilities in [1]. By the following rule, the required RLC (reordering) buffer size with the given speed and a maximum reordering round trip time is estimated [2], 

Minimum RLC buffer size = MaxDLDataRate * RoundTripTime  + MaxULDataRate * RoundTripTime 

where the MaxDLDataRate and MaxULDataRate are defined as parameters for each UE category, which are “Maximum number of DL(UL)-SCH transport block bits received(transmitted) within a TTI”.  And a reasonable value for the RLC RoundTripTime ~75ms has been assumed, i.e. considering the case where one RLC retransmission is needed. 
2.2 Total L2 buffer size for LWA bearer

Generally, supporting for LWA bearers impacts the total layer-2 buffer size that a UE needs to support. In the following, total L2 buffer size for split bearer and switched bearer are analyzed respectively.
2.2.1 Total L2 buffer size for split bearer

In LWA, one RLC entity with reordering buffers exists in LTE link. Besides, PDCP carries out additional reordering among delivered PDUs from both LTE and WLAN link. Due to difference between LTE RLC RTT and packet delay via WLAN link, the packets might be delivered out of order. In WLAN side for LWA, no new packet will be sent if no ACK is received, i.e., no buffer is needed except in case of data aggregation, i.e., A-MSDU or A-MPDU [3]. In general, the largest buffer size in WLAN side is the largest packet size of A-MSDU or A-MPDU, e.g., which is 65536 bytes for IEEE 802.11n. 
In R12 LTE Dual Connectivity, total L2 buffer size for split bearer is discussed in [4]. Similarly, we estimate the maximum delay of a PDU sent via WLAN link, compared to a PDU sent via LTE link, to be Xw delay + Queuing delay in WLAN + RoundTripTime inWLAN . During the time UE waiting for a PDU from WLAN link, it needs to buffer PDUs from LTE link, i.e. it will receive and buffer MaxDLDataRate_MeNB * (Xw delay + Queuing delay in WLAN + RTT in WLAN) bytes. Additionally, PDUs received out of sequence via WLAN link also need to be buffered; those might be up to maximum WLAN buffer. Finally, the buffering need from uplink transmissions solely over the LTE link should also be taken into account.
Obsevation 1: The minimum total L2 buffer size for a UE supporting split bearers is estimated by
MaxULDataRate * RoundTripTime+MaxDLDataRate_MeNB * (Xw delay + Queuing delay in WLAN+ RTT in WLAN)+maxWLANbuffer.
2.2.2 Total L2 buffer size for switched bearer

For LWA switched bearer, the whole LTE bearer is switched to be transmitted over WLAN. Therefore, LTE RLC only needs to buffer packets with the given speed and a maximum reordering round trip time, i.e., MaxDLDataRate_MeNB * RoundTripTime.  Meanwhile, WLAN link may need to buffer packets up to maxWLANbuffer bytes upon A-MSDU or A-MPDU. Considering the following two reasons, we assume that LWA switched bearer imposes no requirement on LTE PDCP buffer.

1) It is rare case that packet is lost over Xw interface, i.e., PDCP entity doesn’t need to carry out additional reordering among delivered PDUs from WLAN link for almost all time.
2) In LWA split bearer, no packet loss over Xw interface is considered.   
Obsevation 2: The minimum total L2 buffer size for a UE supporting switched bearers is estimated by

MaxULDataRate * RoundTripTime+MaxDLDataRate_MeNB * RoundTripTime+maxWLANbuffer.
2.3 Summary
For LWA split bearer, UE will receive and buffer MaxDLDataRate_MeNB * (Xw delay + Queuing delay WLAN + RTT in WLAN) bytes from LTE downlink. For LWA switched bearer, UE will receive and buffer MaxDLDataRate_MeNB * RoundTripTime bytes from LTE downlink. In short, the only difference between LWA split and switched bearer on requirement of L2 buffer size is from LTE downlink.
A reasonable value for the RLC RoundTripTime ~75ms has already been assumed. And the reasonable value for Xw delay + Queuing delay in WLAN + RTT in WLAN should also be determined.  First of all, in LTE dual-connectivity work, one of the underlying requirements was support for non-ideal backhaul between MeNB and SeNB with latency up to 30ms. Similarly, the same delay requirement on Xw interface can be assumed. we find that the maximum value of Queuing delay in WLAN +RTT in WLAN is about tens of ms, then there’s no big difference between split bearer and switched bearer on requirement of L2 buffer size. In general, we can use the following formula for total L2 buffer size of LWA, i.e., 
MaxULDataRate * RoundTripTime+MaxDLDataRate_MeNB * RoundTripTime+maxWLANbuffer
Proposal 1: Total L2 buffer size is the same for LWA split and switched bearer. 
During ASN.1 review meeting, it is agreed that capability indicating a bearer type is not appropriate [5].  Based on Proposal 1, we think LWA split and switched bearer acquire the same capability for the UE. 
Proposal 2: The UE does not indicate separate Split LWA bearer and Switched LWA bearer capabilities. 
We don't see any need to support LWA for UE category 0~5.  
Proposal 3: Total L2 buffer size for LWA only applies to UE category greater than 5. 
We provide an associated draft CR in [6].
Proposal 4: Discuss the CR in [6].

3. Conclusion

In this document, total buffer size for LWA capable UE is discussed.
Obsevation 1: The minimum total L2 buffer size for a UE supporting split bearers is estimated by

MaxULDataRate * RoundTripTime+MaxDLDataRate_MeNB * (Xw delay + Queuing delay in WLAN+ RTT in WLAN)+maxWLANbuffer.

Obsevation 2: The minimum total L2 buffer size for a UE supporting switched bearers is estimated by

MaxULDataRate * RoundTripTime+MaxDLDataRate_MeNB * RoundTripTime+maxWLANbuffer.

Proposal 1: Total L2 buffer size for LWA split and switched bearer is the same.
Proposal 2: The UE does not indicate separate Split LWA bearer and Switched LWA bearer capabilities. 

Proposal 3: Total L2 buffer size for LWA only applies to UE category larger greater than 5. 
Proposal 4: Discuss the CR in [6].
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