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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
[bookmark: _GoBack]According to the legacy UL split bearer, the PDCP entity can only submit PDCP PDU(s) to the low layers upon the transmission opportunity indication from the low layers [1], which prevents pre-processing function as agreed in NR. The PDCP behaviors of UL split bearer can also be found in the Annex. In this contribution, we provide some preliminary consideration on how to support the pre-processing on UL split bearer. 
2. Discussion
2.1 Allow pre-processing for UL split bearer 
In RAN2#98 meeting, RAN2 made the following agreements for the uplink split bearer:
Agreements
=>	A configurable threshold approach is used to determine if the UE should transmit on one more than one link.   As a baseline, the buffer status is used as a threshold.  FFS if other thresholds like data rates or delay can be considered. 
=>	If below a threshold the UE transmits on one link.  When above the threshold enhancements can be considered to allow for pre-processing and link performance.
From our understanding the legacy behaviors of UL split bearer can be reused when the UL data rate is not significantly large. By allowing the UE to dynamically transmit data to both legs (i.e. based on the latest UL grant) can improve the UE throughputs of UL. This means that when the data rate is not large, UL split bearer submits PDCP PDUs to the low layers only upon indication from the low layers even though the PDCP buffered data amount is above the legacy threshold (i.e. PDCP buffer status based threshold).  
Observation 1: When the data rate is not large, the legacy behaviors of UL split bearer can be reused to improve the throughput of both UL and DL.
However as the NR UE is targeting at a very high data rate, the UL split bearer should be allowed to pre-processing buffer data without waiting for the UL grant, so as to reduce the processing delay. 
Observation 2: When the data rate is large, the UL split bearer should allow pre-processing.
To allow pre-processing for the UL split bearer, the PDCP should be able to submit PDCP PDUs to the low layer (i.e. RLC) without the transmission opportunity indication from the low layers. Here we could have two options:
· Option 1: The pre-processing data are transmitted via one leg
· Option 2: The pre-processing data are transmitted via two leg
The data amount which can be transmitted via which leg should be controlled by the network. Otherwise one UE implementation would always transmit data to the MCG leg even though the MCG is congested. One way to allow the network control of transmission leg of the pre-processing data is the hard split of the PDCP data. For Option 1, if the network wants the pre-processing data transmitted via MCG, the ratio of the MCG data rate and the SCG data rate can be (1:0). By configuring other ratio(s), the network can allow the UE to transmit data to both legs (namely Option 2).  A threshold based hard split function are illustrated as follows:


Figure 1: Threshold based hard split
Proposal: A PDCP buffer status based threshold is used to trigger the pre-processing:
· If the PDCP buffered data is smaller than the threshold, the PDCP can only transmit PDCP PDUs to the low layers when requested by lower layers to submit PDCP PDUs.
· If the PDCP buffered data is larger than or equal to the threshold, the PDCP is allowed to submit data to the low layers without the request from the low layers.
· If the PDCP buffered data is larger than or equal to the threshold, the network configures how much data can be transmitted via which leg.
· The threshold used to trigger pre-processing is different from the legacy threshold of UL split bearer.

3. Conclusion
According to the analysis given above, we have the following observations and proposals.
Observation 1: When the data rate is not large, the legacy behaviors of UL split bearer can be reused to improve the throughput of both UL and DL.
Observation 2: When the data rate is large, the UL split bearer should allow pre-processing.
Proposal: A PDCP buffer status based threshold is used to trigger the pre-processing:
· If the PDCP buffered data is smaller than the threshold, the PDCP can only transmit PDCP PDUs to the low layers when requested by lower layers to submit PDCP PDUs.
· If the PDCP buffered data is larger than or equal to the threshold, the PDCP is allowed to submit data to the low layers without the request from the low layers.
· If the PDCP buffered data is larger than or equal to the threshold, the network configures how much data can be transmitted via which leg.
· The threshold used to trigger pre-processing is different from the legacy threshold of UL split bearer.

Reference
[1] TS 36.323, “Packet Data Convergence Protocol (PDCP) specification”
Annex
36.323 [1]:
	For split bearers, when requested by lower layers to submit PDCP PDUs, the transmitting PDCP entity shall:
-	if ul-DataSplitThreshold is configured and the data available for transmission is larger than or equal to ul-DataSplitThreshold:
-	submit the PDCP PDUs to either the associated AM RLC entity configured for SCG or the associated AM RLC entity configured for MCG, whichever the PDUs were requested by;
-	else:
-	if ul-DataSplitDRB-ViaSCG is set to TRUE by upper layers [3]:
-	if the PDUs were requested by the associated lower layers configured for SCG:
-	submit the PDCP PDUs to the associated AM RLC entity configured for SCG;
-	else:
-	if the PDUs were requested by the associated lower layers configured for MCG:
-	submit the PDCP PDUs to the associated AM RLC entity configured for MCG.
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