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1
Introduction
There wasn’t yet a decision on the UP architecture for the LTE-WLAN aggregation (LWA) during RAN2#89bis. This contribution discusses the 3C architecture for LTE-WLAN architecture, in particular 1) how the E-UTRAN Packet Error Loss Rates targeted to TCP traffic can be achieved, and 2) which entity provides flow-control feedback to the eNB.

2
Satisfying PELR of QCIs targeted to TCP
In terms of services provided to upper layers, the 802.11 link layer is similar to LTE MAC in that it does not provide guaranteed delivery, but after a number of retransmission attempts gives up on an SDU and moves on to transmission of following SDUs. Upper layers (e.g. TCP) are then assumed to take care of the retransmissions that are seen necessary.

According to the requirement in the ongoing WID to improve overall UE throughput, LTE-WLAN aggregation seems to be mainly targeted to TCP traffic. Looking at the QCI characteristics standardized in TS 23.203, all QCIs with reference to TCP traffic have a Packet Error Loss Rate (PELR) of 10-6. The TS 23.203 further contains the following among the “rationale and principles” behind the standardized QCI characteristics:

NOTE 2:
The TCP's congestion control algorithm becomes increasingly sensitive to non congestion related packet losses (that occur in addition to congestion related packet drops) as the end-to-end bit rate increases. To fully utilise "EUTRA bit rates" TCP bulk data transfers will require a PLR of less than 10-6.

To satisfy this target PELR, traditionally in LTE TCP traffic is carried on AM bearers, which feature ARQ in RLC layer on top of MAC and provide guaranteed delivery.
Rel-12 standardization work of LTE split bearers needed to address the question, how to deal with PDCP-PDU losses in transit from MeNB to SeNB on the X2 interface. The solution consists of the following components:
1. PDCP at UE waits for missing PDU(s) for the duration of a reordering timer, after which it ignores the missing PDU(s) in delivery of data to higher layers;

2. The newly introduced X2-U protocol TS 36.425 specifies the following:
When the SeNB decides to trigger the Feedback for Downlink Data Delivery procedure it shall report:

<...>
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.

<...>
The MeNB, when receiving the DL DATA DELIVERY STATUS frame:

<...>
-
decides upon the actions necessary to take for PDCP PDUs reported other than successfully delivered.

Here, one possible action “for PDCP PDUs reported other than successfully delivered” is for MeNB to retransmit such PDCP PDUs, with the aim of delivering them to the UE before the PDCP reordering timer expires.
Also in LTE-WLAN aggregation, this same mechanism of PDCP retransmission by eNB before expiry of the PDCP reordering timer at the UE can be used to satisfy the PELR of 10-6.

Proposal 1:
For 3C-mode LTE-WLAN aggregation, the Rel-12 PDCP reordering behaviour is adopted. 
Proposal 2:
To satisfy a packet loss rate of 10-6, similarly as X2 packet losses in LTE dual connectivity, also packet losses on WLAN radio can be recovered by timely PDCP retransmissions by eNB. Such retransmissions are left for eNB implementation.

The question on where the eNB should get the indications of PDCP PDUs lost is discussed in the next section.
3
Flow-control feedback to eNB
RAN2#89bis agreed e.g. the following:

7a
For a 3C architecture flow control is necessary for the eNB to determine the amount of data to route towards the WLN. (FFS whether flow control runs between WLN and eNB or whether the feedback could e.g. be provided by the UE.)
7b
For a 2C architecture at least feedback is needed for the eNB to avoid that more than half the PDCP sequence number space is brought in flight. (FFS whether this is provided by a flow control mechanism from the WLN or by the UE)
<...>

9
LTE/WLAN Aggregation should support multiple bearer transmission per UE via WLAN. 
If proposal 1 is agreed, then like with LTE split bearers, the eNB will need sufficient feedback to avoid that more than half the PDCP sequence number space is brought in flight. This was also already noted with regards to the 2C architecture in agreement 7b (see above), but we think this applies also for architecture 3C.
Proposal 3:
Also with 3C architecture, eNB will need sufficient feedback to avoid that more than half the PDCP sequence number space is brought in flight.
Preceding the work-item phase of LTE dual connectivity, the Study on Small Cell enhancements for E-UTRA and E-UTRAN concluded the following in TR 36.842:
8.1.1.11
Performance evaluation of use plane architecture alternatives

<...> From these results, it seems possible to achieve the per-user throughput gain close to the technology potential by Option 3 if all of the following conditions are fulfilled:

<...>
d)
Flow control is used from SeNB towards MeNB.
e)
Flow control commands are sent frequently.
In other words, achieving the potential throughput gain from inter-site aggregation is sensitive to how the flow control is arranged. 
Quoting again what is specified for Downlink Data Delivery Status indications for LTE split bearers in TS 36.425:
When the SeNB decides to trigger the Feedback for Downlink Data Delivery procedure it shall report:

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.

<...>
The MeNB, when receiving the DL DATA DELIVERY STATUS frame:

-
regards the desired buffer size under b) and c) above as the amount of data desired from the SeNB being declared

-
from the PDCP sequence number reported under a) above within the same frame, as well as from the most recently reported PDCP sequence number(s) of all other E-RABs established for the UE;
-
as the momentary desired buffer sizes, independent of buffer sizes indicated in the past.
The above definition of desired buffer size with respect to PDCP sequence numbers allows MeNB to translate the flow-control data request unambiguously to its own PDCP transmit buffer, per bearer.
RAN2#89bis discussed that IP(Sec) tunnel(s) between eNB and UE (hence, transparent to WLN) might allow one possible way to arrange the data path from eNB via WLN to UE. This would seem to have the following properties:
-
WLN cannot distinguish different bearers of the UE without bearer-specific tunnels and inspection of tunnel header information;

-
In case of IPSec encryption, PDCP PDUs and their SNs are hidden from WLN. Even without the encryption, determining the PDCP SNs would require deep packet inspection by the WLN.
This would mean that any bearer-specific flow-control feedback to eNB would have to be limited to information available to the UE, which represents a restriction to the flow-control feedback available for LTE split bearers. Unlike the SeNB indications of desired buffer size, feedback from the UE cannot take into account factors such as recent changes in WLN load. The requirement of frequent of flow control commands would also necessitate frequent transmissions in UL, increasing the LTE UL load. 
Because the throughput gain achievable from LTE-WLAN aggregation with such restricted flow-control information has not been verified, we propose to stick with the LTE dual-connectivity principles in flow control:


Proposal 4:
For 3C-mode LTE-WLAN aggregation, flow control runs between WLN and eNB.

Proposal 5:
For 3C-mode LTE-WLAN aggregation, the data path from eNB via WLN to UE is not hidden within payload transparent to WLN.

As noted before, the eNB will need sufficient feedback to avoid that more than half the PDCP sequence number space is brought in flight. It then follows that if proposal 3 is agreed, because WLN can only provide flow-control feedback to eNB regarding its own data path, the PDCP at eNB would still need acknowledgement feedback. This suggests that the LTE data path should typically run in RLC AM mode.

Proposal 6:
For 3C-mode LTE-WLAN aggregation, at least LTE RLC AM mode is supported.

4
Conclusion
In this contribution, we discussed the 3C architecture for LTE-WLAN architecture, and propose the following.

Proposal 1:
For 3C-mode LTE-WLAN aggregation, the Rel-12 PDCP reordering behaviour is adopted. 

Proposal 2:
To satisfy a packet loss rate of 10-6, similarly as X2 packet losses in LTE dual connectivity, also packet losses on WLAN radio can be recovered by timely PDCP retransmissions by eNB. Such retransmissions are left for eNB implementation.

Proposal 3:
Also with 3C architecture, eNB will need sufficient feedback to avoid that more than half the PDCP sequence number space is brought in flight.


Proposal 4:
For 3C-mode LTE-WLAN aggregation, flow control runs between WLN and eNB.

Proposal 5:
For 3C-mode LTE-WLAN aggregation, the data path from eNB via WLN to UE is not hidden within payload transparent to WLN.


Proposal 6:
For 3C-mode LTE-WLAN aggregation, at least LTE RLC AM mode is supported.




