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1 Introduction

A new work item to enhance Rel-13 LWA solution had been approved in RAN#71 [1]. The core part of the WI includes five listed objectives as shown below.
The enhanced LWA (eLWA) builds on Rel-13 LWA framework without changes to the LWA architecture and thus supports WLAN nodes deployed and controlled by operators and their partners. The objectives of this work item are to specify the following additional features for LWA:

1. Uplink data transmission on WLAN, including uplink bearer switch and bearer split (RAN2)

2. Mobility optimizations, e.g. intra and inter eNB handover without WT change and improvements for Change of WT (RAN2, RAN3)

3. Potential enhancements to support 60 GHz new band and channels (e.g. in measurements) and increased data rates for 802.11ax, 802.11ad, and 802.11ay (e.g. by PDCP optimizations) (RAN2, RAN3)

4. Additional information collection and feedback e.g. for better estimation of available WLAN capacity (by additional signaling on both Uu and Xw) to improve LWA performance (RAN2, RAN3)

5. Automatic Neighbour Relation (ANR) for LWA e.g. for discovery of WLANs under eNB coverage (RAN3, RAN2)

In this contribution, we discuss the uplink enhancements for eLWA.
2 Discussion
The uplink split was excluded from Rel-12 dual connectivity and was specified for Rel-13 [6]. The remaining issue from Rel-12 was mainly how the uplink buffer could be efficiently split and how buffer status reports (BSRs) to the individual eNBs could be organized. 
For LWA, in Rel-13, work on uplink transmissions in WLAN was downprioritized in RAN2. Eventually, it was agreed that for Rel-13 the uplink of the LWA bearer may only be sent to LTE. Now, for Rel-14 both the support of UL to WLAN and UL split between LTE and WLAN can be considered. 

2.1 UL split in dual connectivity in Rel-13
Both MeNB and SeNB may schedule uplink transmissions independently and the grants are agnostic to the information content of what the UE is sending and thus also to which bearer the possible data belongs to. For the UL split in DC, two parameters are configurable to control the uplink behavior in DC for a split bearer:

· ul-DataSplitThreshold: If buffered uplink data in UE PDCP is above this threshold, uplink transmission via both MeNB and SeNB are possible. 

· ul-DataSplitDRB-ViaSCG: If uplink data in UE PDCP is below the threshold, and the parameter is set to true, data is sent via SeNB. If set to false (or not set), data is sent via MeNB.
Figure 1 shows the use of these parameters.
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Figure 1: Illustration of uplink bearer split.
These parameters also determine how the buffer status reports (BSR) are sent. If the data available for transmission is larger than or equal to the threshold, the UE indicates the full amount of data to both eNBs. When the data available for transmission is less than the threshold, the actual amount of data available is indicated only to the configured eNB.
Applying the Rel-13 DC principle for LWA should be considered where feasible, as the most straightforward option for LWA uplink design in Rel-14. However, the different characteristics of the WLAN RAT should be taken into account as well when considering the UL for eLWA. Study further enhancements for LWA UL while taking into account Rel-13 DC split UL solution and WLAN RAT characteristics.
3 Uplink transmission for eLWA

The characteristics of the WLAN air interface are quite different from LTE. The main differences are that WLAN transmissions are not scheduled but the medium is accessed via clear channel assessment (CCA) and that the WLAN air interface is time multiplexed between UL/DL of all stations (UEs) and APs are sharing the same channel. 
It follows that whether WLAN is good for UL traffic depends on overall load on the channel. While UE has the most up to date information on channel access, part of this load is controlled by eNB via the use of the WLAN side for DL eLWA transmissions for that user, For these reasons, it is beneficial for the eNB to be able to dynamically switch the UE’s uplink transmissions between LTE and WLAN. Further, as the DL PDCP packet routing is envisioned to be dynamic, it would be beneficial to be able to switch the UL RAT also dynamically.
Observation 1 Part of the WLAN load is controlled by eNB via the use of the WLAN for DL eLWA transmissions for that user.

Observation 2 Further, as the DL PDCP packet routing is envisioned to be dynamic, it would be beneficial to be able to switch the UL RAT also dynamically.
Proposal 1 Specify a parameter that configures the UL direction of the eLWA bearer. 

Proposal 2 In addition to RRC-configured UL, enable a more dynamic UL switching in order to regulate UL and DL WLAN usage of the same bearer.

In order to enable also uplink split in LWA, the threshold similar to Rel-13 DC could be applied. In DC, the thinking has been that if there is very small amount of data, one link is enough to send the data and when there is more data, both eNBs could schedule the user. In DC, the two uplinks are similar in the sense of what kind of data rate or delay those may offer. In LWA, however, we should again take into account the specifics of the WLAN RAT which is not scheduled, and for which the throughput and delay can be unpredictable and change fast. Especially low to medium load, delay variance is very high, as with high load delay variance is low(delay itself big). Thus, applying the use case and parameters from DC leads to a situation where eLWA UL operates generally in split mode. It is difficult for the eNB to know what to schedule for the UE as the WLAN side may empty the buffer suddenly if a good transmission opportunity appears. Having multiple eLWA users operating UL split might severely degrade the overall LTE UL efficiency in that eNB. 
Observation 3 The DC UL split use case does not directly fit for eLWA UL due to the difference between LTE and WLAN RATs.

For eLWA, we see the following use cases important to be enabled. The UL is first configured on WLAN but when load or delay on WLAN side increases, UL is switched to LTE. Here, when the UL is in WLAN it is clear that eNB does not need to schedule the UE. However, if the load increases and thus the delay is high on WLAN side it is beneficial to be able to fast switch the UL on LTE. That may be enabled by MAC or PDCP control, this is feasible in case eNB knows there will be DL load, or by UE applying a configuration (e.g. threshold(s) and configured parameter(s)). 
Second use case is the following, the threshold is set relatively low and below that threshold UL is to LTE, as there the availability of UL resources is more certain that on WLAN side. This could be the best configuration if the load on WLAN side is known to be on the high side. Then, if data in the UL buffer increases the UL can be switched to WLAN, and LTE side does not need to schedule. Further, there could be a second threshold to define the split bearer in case both WLAN and LTE resources are needed if data amount in the buffer is very high. The possible configuration options using two thresholds are shown in Figure 2.
Proposal 3 Consider defining two optional thresholds and parameters to configure the UL direction.
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Figure 2: eLWA with two thresholds used to determine LTE only, WLAN only, and split transmissions.
3.1 UE side consideration for the split bearer mode
When the split bearer is enabled, it is UE controlled which RAT is used when the data in the buffer is above the split bearer threshold. As in legacy, also here UE implementation should ensure that not more than half the PDCP SN space is in flight. How to exactly do that should be further considered by taking into account the WLAN RAT characteristics. To avoid that data gets stuck in a buffer in the WLAN chipset, PDCP should not push data to WLAN lower layers too early and/or too much if it cannot be guaranteed that there are transmission resources.
Proposal 4 RAN2 assumes that the UE should ensure that not more than half the PDCP SN space is in flight, as already captured in 36.323.
Proposal 5 PDCP should not push data to WLAN lower layers too early and/or too much if it cannot be guaranteed that there are transmission resources.
3.2 BSR reporting for eLWA uplink
In general, the BRS would be necessary only in LTE as for WLAN non-scheduled uplink should be assumed. A straightforward rule would be to send BSR to LTE when UL is configured to LTE or when split bearer is enabled. In the split bearer mode, sending BSR to LTE while also WLAN link is in use is slightly problematic as eNB might either end up scheduling resources to eLWA users that do not need it or if eNB down prioritizes eLWA UL schedulings, it might not result in good performance for those users either. While the threshold based UL switching methods tackle the problem somewhat, we could consider whether it would be beneficial to trigger the BSR to LTE based on WLAN load or delay. While it is true that WLAN load or delay will realize as buffer size increase, there is a delay related. 
Proposal 6 Take Rel-13 DC based BSR reporting as baseline where BSR is sent to LTE side when the UL is configured to LTE or as split mode. 
4 Conclusion

Based on the discussion we have the following observations and proposals
Observation 1
Part of the WLAN load is controlled by eNB via the use of the WLAN for DL eLWA transmissions for that user.
Observation 2
Further, as the DL PDCP packet routing is envisioned to be dynamic, it would be beneficial to be able to switch the UL RAT also dynamically.
Observation 3
The DC UL split use case does not directly fit for eLWA UL due to the difference between LTE and WLAN RATs.



Proposal 1
Specify a parameter that configures the UL direction of the eLWA bearer.
Proposal 2
In addition to RRC-configured UL, enable a more dynamic UL switching in order to regulate UL and DL WLAN usage of the same bearer.
Proposal 3
Consider defining two optional thresholds and parameters to configure the UL direction.
Proposal 4
RAN2 assumes that the UE should ensure that not more than half the PDCP SN space is in flight, as already captured in 36.323.
Proposal 5
PDCP should not push data to WLAN lower layers too early and/or too much if it cannot be guaranteed that there are transmission resources.
Proposal 6
Take Rel-13 DC based BSR reporting as baseline where BSR is sent to LTE side when the UL is configured to LTE or as split mode.
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