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1	Introduction
The agreed WID on NR-based Access to Unlicensed Spectrum includes DC operations [RP-182878]. This contribution investigates bearer split operation and the challenges introduced by LBT.
2	Dual Connectivity
DC was introduced in 3GPP Rel-12 and enhanced in Rel-13 to support split bearer operation in uplink. When a bearer is split in uplink, a threshold is configured to govern how PDCP feeds data to lower layers for transmissions [38.323]:
	
When submitting a PDCP PDU to lower layer, the transmitting PDCP entity shall:
-	if the transmitting PDCP entity is associated with one RLC entity:
-	submit the PDCP PDU to the associated RLC entity;
-	else, if the transmitting PDCP entity is associated with two RLC entities:
-	if the PDCP duplication is activated:
-	if the PDCP PDU is a PDCP Data PDU:
-	duplicate the PDCP Data PDU and submit the PDCP Data PDU to both associated RLC entities;
-	else:
-	submit the PDCP Control PDU to the primary RLC entity;
-	else:
-	if the two associated RLC entities belong to the different Cell Groups; and
-	if the total amount of PDCP data volume and RLC data volume pending for initial transmission (as specified in TS 38.322 [5]) in the two associated RLC entities is equal to or larger than ul-DataSplitThreshold:
-	submit the PDCP PDU to either the primary RLC entity or the secondary RLC entity;
-	else:
-	submit the PDCP PDU to the primary RLC entity.




Basically, only when the amount of data to transmit exceeds the threshold, both RLC entities are fed, only the primary one is fed otherwise.
NOTE:	having uplink split bearer from the first NR release allowed DC operations to be simplified compared to LTE (where an additional parameter was needed). 
3	LBT Impacts
LBT affects the throughput available when operating in unlicensed spectrum. Let us consider an example where only one of the CG in DC uses unlicensed spectrum as depicted in Table 3-1 below:
Table 3-1: DC Example
	MCG
	SCG
	Primary CG
	Comments

	Licensed
	Unlicensed
	MCG
	Once the threshold is exceeded, SCG transmission will start even though LBT failures may delay the packets, therefore reducing the overall throughput because of reordering.

	Licensed
	Unlicensed
	SCG
	When the available throughput in SCG decreases due to LBT, transmission in MCG will only start once the threshold is exceeded, introducing additional delays.

	Unlicensed
	Licensed
	MCG
	When the available throughput in MCG decreases due to LBT, transmission in SCG will only start once the threshold is exceeded, introducing additional delays.

	Unlicensed
	Licensed
	SCG
	Once the threshold is exceeded, MCG transmission will start even though LBT failures may delay the packets, therefore reducing the overall throughput because of reordering.



As can be seen from the table above, the threshold-based mechanism is too rigid for operating in unlicensed spectrum involving LBT: it increases delay and reduces overall throughput.
Observation 1: the threshold-based mechanism of DC is too rigid for operating in unlicensed spectrum involving LBT; it increases delay and reduces overall throughput.
4	Dynamic Threshold
In order to circumvent the problems described above, we suggest reflecting LBT failures in the threshold for uplink bearer split operation involving unlicensed spectrum. 
Proposal 1: reflect LBT failures into the threshold.
When the primary path operates in unlicensed spectrum, LBT failures on that path should reduce the threshold. Conversely, when the primary path operates in licensed spectrum, LBT failures on the other path operating on unlicensed spectrum should increase the threshold. When both paths operate in unlicensed spectrum, increased LBT failures on the primary path should reduce the threshold while increased LBT failures on the other path should increase the threshold. This is summarized in Table 4-1 below.
Table 4-1: Split Bearer Operation
	MCG
	SCG
	Primary CG
	Comments

	Licensed
	Unlicensed
	MCG
	LBT failures on SCG increase the threshold

	Licensed
	Unlicensed
	SCG
	LBT failures on SCG decrease the threshold

	Unlicensed
	Licensed
	MCG
	LBT failures on MCG decrease the threshold

	Unlicensed
	Licensed
	SCG
	LBT failures on MCG increase the threshold

	Unlicensed
	Unlicensed
	MCG
	LBT failures on MCG decrease the threshold
LBT failures on SCG increase the threshold

	Unlicensed
	Unlicensed
	SCG
	LBT failures on MCG increase the threshold
LBT failures on SCG decrease the threshold



Proposal 2: adopt the behaviour outlined in Table 4.
4	Conclusion
This contribution has investigated the challenges inherent to DC operation involving unlicensed spectrum and has observed the following:
Observation 1: the threshold-based mechanism of DC is too rigid for operating in unlicensed spectrum involving LBT; it increases delay and reduces overall throughput.
And the following proposals were made:
Proposal 1: reflect LBT failures into the threshold.
Proposal 2: adopt the behaviour outlined in Table 4.







