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1 Introduction

A number of FFSs in Xw flow control need to be resolved. After RAN3 made the working assumption that per-bearer flow control is supported in Xw-UP [1]

 REF _Ref434326612 \r \h 
[2][4], a skeleton for the new Xw-UP TS was agreed . 

In this paper we continue the discussion and propose a way forward for Xw flow control.

2 Discussion
2.1 Brief Summary of LWA Architecture
According to [5], LWA protocol architecture should be based on Rel-12 LTE Dual Connectivity (DC), with the WT taking the role of the SeNB (see Figure 1). In this architecture model, the role of the Xw interface is identical to the role of the X2 interface in DC.
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Figure 1 LWA architecture.

Observation 1: The role of Xw in LWA is identical to the role of X2 in DC.
It follows from the above that also for flow control, it seems appropriate to look at the DC case for similarities.

The role of flow control in DC was already discussed in [3] and [8], where it was observed that in order to reuse the same UP mechanisms as for DC, the WT needs to have knowledge of necessary input parameters to operate flow control like an SeNB does for DC, e.g. radio conditions, queue states, QoS parameters for all UEs served by its connected APs and possibly others.

Most of the above is reflected in the current UP specification [4].
2.2 Current Open Points
The following FFSs in [4] need to be resolved:

1. Information on LWA PDUs that were not delivered to the UE (Secs. 5.2 and 5.4.2.1) – whether the indication is of “successful delivery” or “successful transmission” to the UE;

2. Transfer of downlink user data (Secs. 5.4.1.1 and 5.4.2.1) – whether to use PDCP SNs or Xw SNs. If RAN3 decides to use PDCP SNs, their recently agreed extension shall be taken into account;

3. Transfer of DL user data (Sec. 5.4.1.1) – whether to remove the note which specifies that PDCP HFN synchronization should be ensured by other means (e.g. UE feedback) in case the deployment decides not to use the Transfer of Downlink User Data procedure;

4. Transfer of UL user data to the eNB with a DL DATA DELIVERY STATUS frame within the same GTP-U PDU (Sec. 5.4.2.1) – whether to update the corresponding text pending RAN2 decision, since UL through WLAN is currently FFS.
5. Feedback for Downlink Data Delivery procedure (Sec. 5.4.2.1) – whether to remove the note which specifies that reporting Xw-U packets that were declared “lost” by the WT and have not yet been reported to the eNB, is not applicable in case the deployment decides not to use the Transfer of Downlink User Data procedure.
We will discuss each point briefly.
2.2.1 “Successful Delivery” vs. “Successful Transmission”
We notice that reporting “successful transmission” toward the UE by the WT seems trivial: it relies on information which is always available internally to the WT. But we also notice that the value of this reporting to the eNB is very limited: it cannot be used to detect possible problems in data transport e.g. between the WT and the APs.
Observation 2: Reporting “successful transmission” toward the UE seems trivial, but it is also of very limited value.

As mentioned above, a much more useful functionality would be to be able to report “successful delivery” of packets to the UE. This would enable early detection of e.g. transport network congestion and allow possible corrective actions by the eNB (e.g. adjusting the buffers or possibly dropping bearers).
We notice that the UE sends ACKs / NACKs to its serving AP to report successful / unsuccessful reception of UP PDUs. Therefore, the AP serving the UE is aware of whether each PDU was successfully delivered to the UE. It seems reasonable to assume that this information can be sent from the APs to the WT according to implementation. Indeed, this seems beneficial to have for the WLAN independently of LWA, for e.g. network management purposes. Once the WT receives this information from the relevant AP, it is aware of the end-to-end situation and it can report “successful / unsuccessful” delivery of PDUs to the UE.
Observation 3: The AP receives ACKs/NACKs from the UE about UP PDU reception; it seems reasonable to assume that the WLAN implementation can make this information available to the WT. With this information the WT can report successful / unsuccessful PDU delivery to the UE.

Proposal 1: It seems fully possible to report “successful delivery” by the WT over Xw-U, providing a much greater benefit.
2.2.2 PDCP SNs vs. Xw SNs

In DC, DL PDCP PDUs are transferred from the MeNB to the SeNB over X2-U [6]. The SeNB always terminates PDCP, so it was appropriate and beneficial to use PDCP SNs in X2 flow control. In LWA, on the other hand, the APs may or may not terminate PDCP, hence the discussion whether to use PDCP SNs or Xw SNs is ongoing (with some consensus in favor of Xw SNs).
We note that this issue seems quite related to the “successful delivery vs. successful transmission reporting” issue discussed in Sec. 2.2.1 above. If the WT reports successful/unsuccessful PDU delivery to the UE, there needs to be a way to correlate this information to what the eNB is aware of. A “natural” way to do this would be to use PDCP SNs and to mirror DC functionality; however, as already mentioned, this would mandate all APs to terminate PDCP. The same goal can also be obtained with Xw SNs, by ensuring a 1-1 mapping between PDCP SNs and Xw SNs: in this way the information reported by the WT is more meaningful for the eNB. This mapping should be provided by the eNB implementation. Given the current consensus in favor of using Xw SNs, we would suggest such a way forward.
Proposal 2: Xw SNs should be used in Xw UP; the eNB implementation should maintain a 1-1 mapping between PDCP SNs and Xw SNs to allow optimal reporting of successful/unsuccessful delivery.

An extension to PDCP SN space has recently been agreed [10]. We note that LWA corresponds to the same use case; given the above, it seems beneficial to provide for Xw SNs the same range as for the extended PDCP SNs.

Proposal 3: Remove the Editor’s Note but define the Xw SN space as the extended PDCP SN space.
2.2.3 Relationship to PDCP HFN Synchronization

In Sec. 5.4.2.1 there is currently a note saying:

The Transfer of Downlink User Data procedure and the associated feedback of lost Xw-U packets assist the eNB in avoiding PDCP HFN de-synchronisation. If an E-UTRAN deployment decides to not use the Transfer of Downlink User Data procedure, PDCP HFN synchronization should be ensured by other means, e.g. UE feedback.
This note was added to [6] during DC specification work, following an operator’s observation that in case the Transfer of Downlink User Data procedure is not used (e.g. because the operator is provisioning extremely good X2 connectivity and there is no issue with lost Xw-U packets), it is not possible for the eNB to rely on this information to maintain PDCP HFN synchronization. In LWA, however, such a scenario seems quite remote, because:

· Xw provisioning through third-party transport networks seems quite common (perhaps even more than for X2 interfaces), hence the benefit of not using the Transfer of Downlink User Data procedure is very unclear;

· Unlike DC, inter-operator LWA seems to be feasible, hence Xw could be envisaged as an inter-operator interface. Also in this case, it is unclear why the operators would want to avoid using the Transfer of Downlink User Data procedure.

Observation 4: For LWA, it is unclear why an operator would want to avoid using the Transfer of Downlink User Data procedure.

Proposal 4: Remove the Note about PDCP HFN de-synchronization and the corresponding Editor’s Note.
2.2.4 Transfer of UL User Data to the eNB

The use of LWA for UL user data is currently not defined: it has been mentioned that discussion in RAN2 is still pending (hence the Editor’s Note in Sec. 5.4.2.1). It is however unknown whether RAN2 can converge on the use of LWA for UL data. It is also worth noting that the current text, as it is, does not make sense: “The eNB may also transfer uplink data for the concerned E-RAB to the eNB...”[6].
Given the above, we propose to remove the corresponding text and Editor’s note, but to leave a placeholder sentence in case UL through LWA is added in future releases: “In this release, no UL user data is transferred from the WT to the eNB.”

Proposal 5: Remove the text and the Editor’s Note about the transport of UL user data, and insert a placeholder sentence: “In this release, no UL user data is transferred from the WT to the eNB.”
2.2.5 Applicability of “Lost” Packets Reporting

The Note in Sec. 5.4.2.1 clarifies that reporting lost and not yet reported Xw-U packets is not applicable in case the Transfer of Downlink User Data procedure is not used. As discussed in Sec. 2.2.3 above, in LWA it is unclear why a deployment would want to avoid using such procedure. This Note and the corresponding Editor’s Note should therefore be removed.
Proposal 6: Remove the Note about the possible inapplicability of Xw-U lost packet reporting and the corresponding Editor’s Note.
2.3 Per-Bearer and Per-UE Flow Control in the WT

At the last meeting there was some offline discussion about per-bearer vs. per-UE flow control in the WT. Currently only per-bearer flow control is part of the working assumption.
It is worth noting that DC foresees to have both a per-bearer and a per-UE flow control operating simultaneously. As can be seen in TS 36.425 §5.4.2.1, the SeNB shall report the desired buffer size for the concerned E-RAB and the minimum desired buffer size in bytes for the UE.
Observation 5: It should be possible to implement a DC-like scheme that foresees to run a per-bearer and per-UE flow control simultaneously.
One obvious way to implement a per-UE-only flow control, i.e. without the need to implement a per-bearer flow control would be that the WT supports only a single bearer. Any WT ADDITION REQUEST message from the eNB containing more than one E-RAB would then be failed, and per-bearer flow control would trivially become per-UE flow control for that WT. Of course, in order to avoid failure cases, the eNB would need to avoid requesting multiple bearers to that WT. Notice that the same eNB could interoperate with different WT implementations at the same time, thereby retaining a good degree of flexibility.
Observation 6: With the current WA, it is possible for a WT implementation that only supports per-UE flow control to comply with per-bearer flow control by supporting a single bearer per UE.
Observation 7: With the current WA, it is even possible for an eNB to interwork with different WT implementations at the same time, including those that only support per-UE flow control.
We notice that in DC per-bearer mechanisms are currently “mitigated” with at least one per-UE mechanism [6]: the SeNB signals the currently desired minimum buffer size for a UE for all E-RABs. Such an approach is currently captured for LWA in [4].
We think it is beneficial to maintain such “mitigation” in Xw UP.

Proposal 7: Maintain the current Xw UP general aspects, description, and services as appropriate from the corresponding X2 UP sections.
Proposal 8: Agree the Draft CR in [9].
3 Proposals
Our proposals are summarized below.
Proposal 1: It seems fully possible to report “successful delivery” by the WT over Xw-U, providing a much greater benefit.
Proposal 2: Xw SNs should be used in Xw UP; the eNB implementation should maintain a 1-1 mapping between PDCP SNs and Xw SNs to allow optimal reporting of successful/unsuccessful delivery.

Proposal 3: Remove the Editor’s Note but define the Xw SN space as the extended PDCP SN space.
Proposal 4: Remove the Note about PDCP HFN de-synchronization and the corresponding Editor’s Note.
Proposal 5: Remove the text and the Editor’s Note about the transport of UL user data, and insert a placeholder sentence: “In this release, no UL user data is transferred from the WT to the eNB.”
Proposal 6: Remove the Note about the possible inapplicability of Xw-U lost packet reporting and the corresponding Editor’s Note.

Proposal 7: Maintain the current Xw UP general aspects, description, and services as appropriate from the corresponding X2 UP sections.
Proposal 8: Agree the Draft CR in [9].
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