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1. Introduction
RAN2#94 has made the following agreements on uplink transmissions for eLWA [1]:

=>
RAN2 will first discuss and agree on how uplink data will be transmitted for an LWA bearer on LTE and WLAN before discussing options for uplink direction.

=>
Sending a PDCP PDUs to WLAN is based on “some” eNB control without impacting existing WLAN MAC. (this eliminate full per packet eNB scheduling of WLAN and eliminates full UE implementation).

An email discussion has also followed to gather feedback and summarise solutions for UL transmission over UL split bearer.

In this contribution, we look at the options for uplink scheduling and make proposals for their resolution.

2. Discussion
RAN2#94 has also agreed that the configuration of bearers on uplink LWA will be as follows [1]:

1
Only support split bearer type for Rel-14 eLWA UL.

2 
UE can be configured so that traffic on the UL split bearer can only be submitted for transmission on both, WLAN only or LTE only.

Following the above agreement, we will assume that an LWA bearer can be in three modes on the uplink: LTE-only, WLAN-only, and split. 
One of the main underlying principle here will be that any control mechanism of WLAN uplink for LWA should try to minimize the impact on the existing LTE procedures and transmissions.

There are two essential parts to LTE uplink transmission: buffer status reporting and logical channel multiplexing. They are both MAC procedures but they also take into account RLC and PDCP status. Given that LWA user plane operation happens at PDCP level, it is reasonable to limit the impact of uplink over WLAN to PDCP only without changing buffer status reporting and logical channel multiplexing at MAC. It might be argued that differentiation between LWA and other bearers in BSR may be useful; however this is not needed if the BSR data amount size for an LWA bearer corresponds to what is likely to be transmitted on LTE link as proposed below. Furthermore, an eNB can configure the logical channel groups accordingly, if necessary, in order to differentiate between LWA and other bearers. All of this is also in line with what was adopted for Dual Connectivity uplink in Rel-13.
Proposal 1: Uplink transmission over WLAN will not impact LTE MAC procedures for buffer status reporting (trigger, format, and transmission) and logical channel multiplexing and assembly. 
Proposal 2: The control of uplink over WLAN is specified at PDCP layer.

In Dual Connectivity, the control is only applied at buffer status reporting and buffer size calculation (TS 36.323 Section 4.5) and the same framework should also be adopted for LWA:
Proposal 3: The changes to PDCP for the control of uplink over WLAN only impacts buffer status reporting and buffer size calculation. 

In LTE, MAC pulls PDUs from PDCP from transmission. For LWA, it was established from the beginning not to impact WiFi MAC, which implies that how WiFi MAC interacts with PDCP should not be specified. Therefore, how and when the UE transmits a PDCP PDU on WiFi should also be left to implementation:
Proposal 4: The decision (when and how) for transmission of PDCP PDUs on WLAN is left to UE/STA implementation. 

It is important to note that the Proposal 4 does not imply “full UE implementation” as the knob on BSR reporting as discussed below will effectively control WLAN transmission. The logic here is not to specify a mechanism similar to LTE MAC multiplexing for WLAN as this is outside 3GPP scope and cannot also be tested in 3GPP.
BSR can be triggered due to data becoming available for transmission either at RLC and PDCP. It is clear that if a bearer’s uplink is configured for WLAN only, this shouldn’t trigger a BSR when data arrives at PDCP. This can be handled by specifying PDCP “data available for transmission” reported to MAC.
Proposal 5: BSR triggering and reporting for LWA bearer is controlled by PDCP “data available for transmission”.
Proposal 6: PDCP data available for transmission will be reported as zero for a bearer whose uplink is WLAN-only; the existing procedure will be used for a bearer whose uplink is LTE-only.
The handling of split-bearer is a little more complicated as the data now can be transmitted on both links. In RAN2#94, full scheduling of WLAN (e.g. LTE like grants issued by eNB) and full UE implementation were eliminated. Several options that provide “some” control over PDCP available data were proposed in the [94#28] email discussion:
· Threshold(s): eNB configures a threshold, similar to DC, and data available is reported to LTE MAC only when it is above this threshold, i.e. the UE is expected to use WLAN for data amounts below this threshold.
· Upper limit on WLAN transmission: PDCP can report available data less than the current buffer size to account for the expected WLAN transmissions; however, the discount should be less than a maximum amount. This effectively controls the maximum WLAN throughput can also be considered as an upper threshold.
· Split-ratio: The eNB signals the ratio between LTE and WLAN and PDCP available data is split according to this ratio. 
In DC, the threshold mechanism was used. The motivation for this was that the overhead of reporting BSR and receiving grants was not justified for small amounts of data (e.g. TCP ACKs). For LWA, there is no scheduling involved on WLAN. Therefore, a threshold makes sense only if it is used as a lower bound for BSR reporting. However, since WiFi access is opportunistic, sometimes the transmission of small data can be delayed which can impact (TCP) throughput. As such, the eNB may need to dynamically adjust this threshold when channel load varies on WLAN. 
A maximum limit on WLAN transmission is used to control the amount of data arriving from WLAN to the eNB and thus provides the loosest control among these options. The main motivation is that eNB resources may not be sufficient to handle large amounts of data arriving without eNB prior knowledge (unlike LTE where grants are explicit and known a priori). Since this is more of a resource dimensioning issue, the limit can be configured semi-statically.
The split-ratio can give a more precise control of WLAN transmissions. The main drawback is that this requires eNB to take into account WiFi channel quality and load very carefully and change the split dynamically in order to optimize overall system performance. 
Proposal 7: RAN2 to adopt one or more of the following options on PDCP available data for BSR reporting and buffer size: upper limit on data expected to be transmitted on WLAN, split-ratio between LTE and WiFi, threshold to control the minimum amount of data on LTE. 

These options are not mutually exclusive and all can be adopted. An example specification for a LWA bearer with split uplink could be as follows:

· Let ul-LWA-DataSplitThreshold, ul-LWA-DataMaxThreshold, ul-LWA-DataSplitRatio be the parameters corresponding to the options listed above and let X be the data available for transmission at PDCP. Here ul-LWA-DataSplitRatio corresponds to the ratio of LTE link to the total.
· For PDCP data available for transmission to the MAC entity for BSR triggering and Buffer Size calculation:
· If X is less than ul-LWA-DataSplitThreshold, indicate the data available for transmission as 0 to the MAC entity.
· Else indicate the data available for transmission to the MAC entity as 
max {X -  ul-LWA-DataMaxThreshold, X*ul-LWA-DataSplitRatio}
One alternative to the above options is to use a token-bucket mechanism at PDCP layer similar to MAC scheduling of logical channels. In this case, eNB allocates “tokens” for WLAN transmissions and they are removed in proportion to the data sent over WLAN. This can provide a good trade-off between allowing dynamic variations of WLAN link to UE implementation while having the overall control at the eNB. The drawback is that it has more impact on PDCP.

Proposal 8: RAN2 to discuss the token-bucket mechanism at PDCP as an alternative option for the control of WLAN transmissions. 
3. Conclusion
In this contribution, we discussed the uplink transmission on WLAN for LWA and propose the following:
Proposal 1: Uplink transmission over WLAN will not impact LTE MAC procedures for buffer status reporting (trigger, format, and transmission) and logical channel multiplexing and assembly. 

Proposal 2: The control of uplink over WLAN is specified at PDCP layer.

Proposal 3: The changes to PDCP for the control of uplink over WLAN only impacts buffer status reporting and buffer size calculation. 

Proposal 4: The decision (when and how) for transmission of PDCP PDUs on WLAN is left to UE/STA implementation. 

Proposal 5: BSR triggering and reporting for LWA bearer is controlled by PDCP “data available for transmission”.

Proposal 6: PDCP data available for transmission will be reported as zero for a bearer whose uplink is WLAN-only; the existing procedure will be used for a bearer whose uplink is LTE-only.

Proposal 7: RAN2 to adopt one or more of the following options on PDCP available data for BSR reporting and buffer size: upper limit on data expected to be transmitted on WLAN, split-ratio between LTE and WiFi, threshold to control the minimum amount of data on LTE. 
Proposal 8: RAN2 to discuss the token-bucket mechanism at PDCP as an alternative option for the control of WLAN transmissions. 
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