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1
Introduction
In the RAN2 email discussion 94#28 [1], UL was discussed with some convergence. In this contribution, we discuss how to realize the uplink split bearer operation in LWA. As a reminder, the following agreements were made during RAN2#94 [2] concerning UL over WLAN:
Agreements

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.

FFS whether we additionally have a threshold like mechanism, e.g. similar to DC.

=>
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).
2
Buffer status reporting 

The buffer status reporting for UL eLWA consists of two aspects: Triggering the BSR and what to report within the BSR.
BSR triggering: For bearers whose UL is switched entirely over WLAN, as discussed in email discussion 94#28, it seems not necessary to trigger the BSR solely based on that since the eNB should not schedule UL for such cases. However, based on RAN2#94 decisions, only a split bearer type is to be introduced in Rel-14. Therefore, a case where UL is configured only over WLAN can only occur in transitory cases when the UE is only expected to transmit UL over WLAN until the conditions for enabling the UL split are fulfilled.
Observation 1: As per RAN2#94 decisions, there is no “switched UL” bearer for LWA, only split bearer.

Observation 2: Additional configuration for when a split bearer is not allowed to use UL split are still FFS.

Hence, the question of whether bearer with UL over WLAN can trigger BSR can be rephrased: What kind of conditions trigger BSR for a UL-split LWA bearer?
The simplest choice would be to reuse the DC threshold-based mechanism, as discussed in the following section. We think there is no need to modify the existing specification overmuch: The BSR should only be triggered when there is data to be sent over LTE
BSR contents: In the email discussion 94#28, majority of companies are suggesting that the UE should not count the bits sent over WLAN leg but only the bits that are or will be transmitted over LTE. However, this requires that each packet is “marked” for LTE or WLAN and can only be transmitted via the corresponding radio, which may delay the data unnecessarily. Since the eNB will anyway receive the UL packets over WLAN via Xw-U, it knows how much data is scheduled over WLAN and is able to ensure proper scheduling of resources also over LTE. For that, the eNB needs to have the buffer status of the UE. 

Proposal 1: When UL split is allowed, BSR is triggered normally and includes the full buffer status of the UL (i.e. no modification to existing BSR mechanism is required for that case, and neither is a mechanism to separate which PDUs are sent over WLAN and which over LTE).

3
Uplink bearer split 
3.1
DC threshold mechanism 
In DC, the mechanism consists of two parameters: The primary link for UL and a threshold value for buffer status. These are used as follows:

· When the buffer status is below the threshold, only UL of the primary link is used for BSR triggering

· When the buffer status is above the threshold, BSR is sent towards the UL both MeNB and SeNB.

Observation 3: the DC threshold-based mechanism is used for triggering of BSR.

Hence, since BSR is only applicable for LTE, the mechanism needs slight modifications for LWA: The threshold mechanism can be used to indicate when the UL split is allowed to be used: When the buffer status is above the threshold, UL split is allowed, otherwise only the UL of the primary link is allowed. Hence, the combinations as depicted in Table 1 below define the UE behaviour for UL split.

Table 1. Proposed UE behaviour for UL split with threshold-based mechanism

	UE behaviour for UL bearer split

	UE buffer situation
	eNB-signalled parameters: Threshold, primary link

	
	Primary link = LTE
	Primary link = WLAN

	UE buffer > threshold
	Use both LTE UL and WLAN UL
	Use both LTE UL and WLAN UL

	UE buffer < threshold
	Use only LTE UL
	Use only WLAN UL


Proposal 2: Adopt the threshold-based mechanism for deciding when to use UL split over WLAN: When the UE buffered data is over the signalled threshold, UE is allowed to use UL split. When the buffered data is below the threshold, the UE only uses the primary link as per UE configuration for UL.
3.2
Uplink scheduling 
The final question on UL split is how to split the data: Several companies indicated in the email discussion that a split ratio could be used to limit the rate over WLAN when split is allowed. While the reason for this can be to balance the link throughput (which enables smoother PDCP window handling), we think a sensible UE implementation can also handle this. The threshold-based mechanism already offers enough flexibility for eNB control, and once the split is allowed, it seems reasonable to let UE make the UL scheduling decisions. However, when the eNB actually gives an UL grant to the UE, it should still follow that by attempting to fill it with data, as per normal LTE operation.
Proposal 3: Leave how to split the data between LTE and WLAN up to UE implementation.

Proposal 4: UE shall obey UL grant sent by eNB.
4
Conclusions 

We have discussed the UL split operation in eLWA and observed the following:

Observation 1: As per RAN2#94 decisions, there is no “switched UL” bearer for LWA, only split bearer.

Observation 2: Additional configuration for when a split bearer is not allowed to use UL split are still FFS.

Observation 3: the DC threshold-based mechanism is used for triggering of BSR.

We have proposed the following:

Proposal 1: When UL split is allowed, BSR is triggered normally and includes the full buffer status of the UL (i.e. no modification to existing BSR mechanism is required for that case, and neither is a mechanism to separate which PDUs are sent over WLAN and which over LTE).

Proposal 2: Adopt the threshold-based mechanism for deciding when to use UL split over WLAN: When the UE buffered data is over the signalled threshold, UE is allowed to use UL split. When the buffered data is below the threshold, the UE only uses the primary link as per UE configuration for UL.
Proposal 3: Leave how to split the data between LTE and WLAN up to UE implementation.

Proposal 4: UE shall obey UL grant sent by eNB.
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