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1.	Introduction
In RAN2#98, RAN2 discussed UL split operation based on the e-mail discussion [97bis#11] and agreed that A configurable threshold approach is used to determine if the UE should transmit on one more than one link. While the buffer status is used as a baseline assumption for the threshold, but it was left as FFS if other thresholds like data rates or delay can be considered. 
In this contribution, we address the problem of using data volume as a threshold by taking the pre-processing into consideration, and propose to use a data rate as a threshold in UL split operation.

2.	Discussion
2.1 What is the problem in comparing PDCP data volume to the threshold?
In LTE DC, for UL split bearer, the PDCP is configured with a threshold (ul-DataSplitThreshold) in unit of bytes. The PDCP compares the PDCP data volume to the threshold when PDCP is requested from lower layers to submit the PDCP PDUs. If the data volume exceeds the threshold the PDCP uses both paths, i.e., submits PDCP PDUs to either path.
As all PDCP SDUs arrived in the PDCP are stored in the PDCP unless the PDCP is requested to submit PDCP PDUs to lower layer, high PDCP data arrival rate is translated into large PDCP data volume. That is, if PDCP data arrival rate is high, the data volume will exceed the threshold and the PDCP will use both paths.
In NR, however, we observed a bit different situation with fast scheduling and pre-processing.
· With fast scheduling, the PDCP will submit the PDCP PDUs to lower layers more often, and the PDCP data volume would quickly decrease, e.g., probably under the threshold. 
· With pre-processing of the PDCP SDUs, the PDCP will submit them to lower layers even before request from the lower layers. Although we may assume that the PDCP wouldn’t pre-process so often, it is totally up to UE implementation how often or how much data would be pre-processed. If the PDCP considers that lots of the PDCP SDUs are currently arriving in the PDCP, the PDCP will perform pre-processing. It would result in rapid decrease of the PDCP data volume, e.g., probably under the threshold. 
As a consequence, the PDCP may use only one path even though there are still lots of the PDCP SDUs arriving in the PDCP.
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Figure 1. PDCP PDU submission by comparing the PDCP data volume and the threshold. LTE vs. NR.
Figure 1 depicts an example of PDCP PDU submission in LTE and NR.
In LTE, assume that the PDCP submits the PDCP PDUs at time point 2 due to request from lower layers but not at time point 1 (green). In this case, the PDCP SDUs 1, 2, 3, 4, and 5 are all stored in the PDCP, and thus, the PDCP data volume exceeds the threshold. Therefore, the PDCP will use both paths. Now in NR, assume that PDCP submits the PDCP PDUs at time point 1 as well as at time point 2 (red). At time point 1, the PDCP SDUs 1, 2, and 3 are stored in the PDCP, and thus, the PDCP data volume is less than the threshold. Accordingly, the PDCP will use only one path. At time point 2, the PDCP SDUs 4 and 5 are stored in the PDCP, and thus, the PDCP data volume is again less than the threshold. Consequently, the PDCP will again use only one path.
As seen in the example, in NR, it could happen that lots of PDCP SDUs are arriving in the PDCP, i.e., high PDCP data arrival rate, but they can be quickly submitted to the lower layers. Then, PDCP data volume will be kept small. In this case, comparing PDCP data volume to the threshold would lead to use only one path, which would be unintended split operation. 
Observation. When lots of PDCP SDUs are arriving in the PDCP, comparing PDCP data volume to the threshold may lead to use only one path because PDCP data volume may be kept small, e.g., under the threshold, due to fast scheduling and pre-processing.

2.2 How to solve it?
In designing split operation, we should aim at using two paths if PDCP data arrival rate is high. In LTE, it was achieved by using a PDCP data volume as a threshold. In NR, however, PDCP data arrival rate is no longer translated into PDCP data volume. Therefore, more logical way would be to use PDCP data arrival rate as a threshold to determine whether to use only one path or two paths.
In order to measure the PDCP data arrival rate, the PDCP needs to be configured with a time period over which the PDCP counts the amount of PDCP SDUs arrived in the PDCP, which may be sufficient to be configured per UE to control the averaging level.
When PDCP decides to submit the PDCP PDUs to lower layer due to e.g., pre-processing or request from lower layers, the PDCP counts the amount of the PDCP SDUs arrived in the PDCP within the time period, and compares it to the threshold. If the amount of the PDCP SDUs arrived within the window exceeds the threshold, the PDCP uses both path. Otherwise, the PDCP uses one path. As the PDCP counts the amount of PDCP SDUs within the time period, there is no need of configuring the threshold in unit of rate, e.g., bytes/time unit, but PDCP simply compares the amount of PDCP SDUs which is counted within the time period to the threshold.
This is shown in the Figure 2. At time point 1, the PDCP counts the amount of PDCP SDUs arrived within the time period, i.e., SDU1+SDU2+SDU3, and as the amount doesn’t exceed the threshold, the PDCP uses one path. At time point 2, the PDCP counts the amount of PDCP SDUs arrived within the time period, i.e., SDU1+SDU2+SDU3+SDU4+SDU5, and as the amount exceeds the threshold, the PDCP uses both paths.
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Figure 2. Comparing the PDCP data arrival rate.
By configuring a time period in addition to the threshold, the PDCP can count the amount of PDCP SDUs within the time period, and compare the amount of PDCP SDUs within the time period to the threshold. With this way, the PDCP for split bearer can properly decide whether to use one path or two paths even in case when the lots of PDCP SDUs are arriving in the PDCP but PDCP data volume is kept small by submitting PDCP PDUs quickly to the lower layers. 
Proposal 1. The PDCP is configured with a time period over which the PDCP counts the amount of PDCP SDUs arrived in the PDCP.
Proposal 2. The time period is configured per RB.
Proposal 3. When submitting PDCP PDUs to lower layers, the PDCP compares the amount of PDCP SDUs arrived in the PDCP within the window to the threshold. If the amount exceeds the threshold, the PDCP uses both paths. Otherwise if the amount doesn’t exceed the threshold, the PDCP uses only configured path.

3.	Conclusion
In this contribution, we explain what the problem is in comparing the PDCP data volume to the threshold, and propose to use PDCP data arrival rate in deciding whether to use one path or both paths. Our proposals are:
Observation. When lots of PDCP SDUs are arriving in the PDCP, comparing PDCP data volume to the threshold may lead to use only one path because PDCP data volume may be kept small, e.g., under the threshold, due to fast scheduling and pre-processing.
Proposal 1. The PDCP is configured with a time period over which the PDCP counts the amount of PDCP SDUs arrived in the PDCP.
Proposal 2. The time period is configured per RB.
Proposal 3. When submitting PDCP PDUs to lower layers, the PDCP compares the amount of PDCP SDUs arrived in the PDCP within the window to the threshold. If the amount exceeds the threshold, the PDCP uses both paths. Otherwise if the amount doesn’t exceed the threshold, the PDCP uses only configured path.
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