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1 Introduction

At RAN2#99, it was agreed that

=>
A UE with split bearer can be configured to transmit on a single path via RRC signalling.  

=> 
The UE is allowed to pre-process data for split bearer before a request from lower layers is received and is allowed to submit to lower layers before a request is received.  A restriction on bad UE behaviour or a requirement on proper behaviour will be added.  FFS how to capture it (e.g.  capture how avoid bad UE behaviours related to which PDCP SN are sent to the RLC and not transmitted at the end and whether and how to capture a pre-processing limit)
In this contribution, we discuss threshold-related aspects for split bearer.
2 Discussion
2.1 For data buffered at RLC layer 
In NR, due to the introduction of pre-processing, there would be buffered data at RLC layer, i.e., RLC data PDU which is pending for initial transmission. More detailed description of the RLC processing can be found in [1]. Besides, there might be data pending for re-transmission if it is in AM mode.
Observation 1 There might be data volume buffered at RLC layer, which is pending for initial transmission or re-transmission.

For data buffered at RLC layer, they are deterministic in terms that:

· The data has to be submitted to the associated MAC, i.e., cannot be routed to other network node;

· The availability has to be reported to the associated MAC in BSR, and cannot reported to other network node;

Proposal 1 The pre-processed data buffered at RLC layer should be reported and submitted to the associated MAC.

2.2 For data buffered at PDCP layer

According to TS 36.323 [2], the BSR report and data submission to lower layer is decided by the threshold in LTE system.
1) For data submission to lower layer:

	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.


2) for BSR reporting:
	For split bearers, when indicating the data available for transmission to a MAC entity for BSR triggering and Buffer Size calculation, the UE shall:
-
if ul-DataSplitThreshold is configured and the data available for transmission is larger than or equal to ul-DataSplitThreshold:

-
indicate the data available for transmission to both the MAC entity configured for SCG and the MAC entity configured for MCG;
-
else:
-
if ul-DataSplitDRB-ViaSCG is set to TRUE by upper layer [3]:

-
indicate the data available for transmission to the MAC entity configured for SCG only;
-
if ul-DataSplitThreshold is configured, indicate the data available for transmission as 0 to the MAC entity configured for MCG;

-
else:

-
indicate the data available for transmission to the MAC entity configured for MCG only;
-
if ul-DataSplitThreshold is configured, indicate the data available for transmission as 0 to the MAC entity configured for SCG.


From the above reference text in TS 36.323, it can be observed that the threshold in LTE is defined to compare with the data available in PDCP buffer. 

· For LTE: it is reasonable since pre-processing is not enabled, i.e., all arrived data are buffered at PDCP layer (except for those which is undergoing HARQ/ARQ re-transmission), and the threshold is also defined at PDCP layer, which decides the BSR report and data submission;

· For NR: it is challenging to define the similar mechanism of threshold, because before UL grant arrives, pre-processing may pull data to lower layer in advance, i.e., data is split into PDCP layer and RLC layer before using the threshold to decide on the node for BSR reporting and data submission to lower layer;

Observation 2 It is unclear how to define the threshold related operation in NR PDCP.

To solve this problem, firstly, no matter whether / how the threshold is defined, it is preferred to keep the legacy spirit that BSR reporting should be aligned with data submission. In other words, it is not reasonable that:

· Although BSR is not reported to one node, the data is submitted to lower layer when UL grant arrives from the said node;

· Or BSR is reported to one node, yet the data is not submitted to lower layer when UL grant arrives from the said node;

Observation 3 BSR reporting to one node and data submission to lower layer of the same node should be enabled or disabled together.

Secondly, in LTE, the spirit of the defined threshold is to help MN and SN to coordinate with each other:

· For node configured as the “default leg” (e.g., MCG if ul-DataSplitDRB-ViaSCG is set to FALSE): When the available data volume is below the ul-DataSplitThreshold, it is within the responsibility of its own, since BSR is only reported to the default leg. When the available data volume is above the ul-DataSplitThreshold, the volume part that is below the threshold is assumed to be covered by the default leg, while the other parts are of best effort;

· For the node configured as the “complementary leg” (e.g., SCG if ul-DataSplitDRB-ViaSCG is set to FALSE): when it receives BSR from UE (i.e., the available data volume is above the ul-DataSplitThreshold), it can be aware that the volume part above the ul-DataSplitThreshold is within the responsibility of its own, while the other parts are of best effort;
However, in NR, the volume of pre-processed data causes the uncertainty of data volume calculation, since the network cannot differentiate which part in BSR comes from data in RLC layer, and which part comes from data in PDCP layer.
Observation 4 Network coordination based on threshold defined in LTE is not accurate enough in NR due to the ambiguity of the pre-processed data volume.

The behaviour of pre-processing is addressed in [1], where it is proposed that two pre-processing limit is indicated by MN and SN individually. Given the two pre-processing limit, i.e., limit_MN and limit_SN, there could be different options to implement the threshold, for which Pros/Cons analysis is given as follows:
· Option-1, no threshold value is defined for NR PDCP: Data buffered at PDCP is always reported to both MN and SN via BSR, and data submission to lower layer of both nodes is also allowed (within limit_MN and limit_SN).

· Pros: Considering data volume calculation ambiguity for threshold-based network coordination in NR due to pre-processing, there is less motivation to define a threshold to regulate the routing of data buffered in PDCP. This scheme is very simple and clear, or it can be seen as the case when the legacy ul-DataSplitThreshold is only allowed to be set as 0; 
· Cons: there is no tools available for network nodes to coordinate between each other;

Observation 5 Option-1 simulates the LTE behaviour where ul-DataSplitThreshold is set as 0.

· Option-2, threshold value is still defined in NR PDCP: the legacy threshold based mechanism is kept, in order to secure the spirit of “using one default node to serve the UE in case the ‘data volume’ is within a defined threshold”. 
· Pros: it provides a tool to balance between network nodes, MN and SN, i.e., only the default leg would get BSR report on data volume in PDCP buffer (the complementary leg may still get report on pre-processed data volume in RLC buffer) and thus provide UL grant to the UE when the data volume is low.

· Cons: However, as mentioned above, the network nodes cannot reach a clear split as in LTE, since it cannot know from BSR which are from RLC layer (i.e., to be served by the node receiving BSR anyway) and which are from PDCP layer (i.e., to be served by both node and the split depends on the threshold value).

Based on the comparison above, Option-2 anyway defines a tool to control the serving node, and the pre-processing ambiguity can be alleviated by setting a smaller value of the pre-processing limit.

Observation 6 Option-2 simulates the LTE behaviour if set pre-processing limit for MN and SN as 0.

We have a slightly preference on Option-2. This is also to avoid revisiting the agreement reached as RAN2 NR-Adhoc#2
Agreements
1. The LTE threshold based mechanism is used for UL bearer split.   

Combining with Observation 3 above, i.e., BSR reporting and data submission to lower layer have to be align, and also considering the impact on pre-processing, we propose
Proposal 2 A threshold can be configured in NR PDCP for split bearer operation, which regulates PDCP operation on pre-processing, BSR reporting and data submission to lower layer. 

Proposal 3 If threshold is configured and data volume is higher than the configured threshold: 
1) Allow pre-processing to RLC buffer of both legs;
2) UE reports the PDCP data volume to both legs;
3) UE submits the PDCP data to both legs; 
else:
1) Allow pre-processing only to RLC buffer of a default leg;
2) UE reports the PDCP data volume only to a default leg;
3) UE submits the PDCP data only to a default leg;

A FFS in Proposal 3 is the definition of ‘data volume’, which is challenging, for which we foresee two possible sub-options:
· Option-A, the data volume is defined as the available data in PDCP layer only;
· Option-B, the data volume is defined as the available data in PDCP layer and RLC layer of the default leg;

Considering that in LTE all data are buffered at PDCP layer, and in NR PDCP some data may be pre-processed to the default leg, Option-B simulates LTE behaviour in a closer way, in the sense that it considers the data volume in both PDCP and RLC of the default leg. Here the data volume in RLC layer of the complimentary leg is not considered as an option, because it would be contradictive if the RLC buffer of the non-default leg is not empty, yet the comparison result is that the data volume is lower than the threshold and that no pre-processing to non-default leg is allowed.
Proposal 4 Define data volume as the available data volume in PDCP layer and RLC layer of the default leg.

3 Conclusion
Based on the discussion in section 2 we observe:

Observation 1
There might be data volume buffered at RLC layer, which is pending for initial transmission or re-transmission.
Observation 2
It is unclear how to define the threshold related operation in NR PDCP.
Observation 3
BSR reporting to one node and data submission to lower layer of the same node should be enabled or disabled together.
Observation 4
Network coordination based on threshold defined in LTE is not accurate enough in NR due to the ambiguity of the pre-processed data volume.
Observation 5
Option-1 simulates the LTE behaviour where ul-DataSplitThreshold is set as 0.
Observation 6
Option-2 simulates the LTE behaviour if set pre-processing limit for MN and SN as 0.


Based on the discussion in section 2 we propose:
Proposal 1
The pre-processed data buffered at RLC layer should be reported and submitted to the associated MAC.
Proposal 2
A threshold can be configured in NR PDCP for split bearer operation, which regulates PDCP operation on pre-processing, BSR reporting and data submission to lower layer.
Proposal 3
If threshold is configured and data volume is higher than the configured threshold:  1) Allow pre-processing to RLC buffer of both legs; 2) UE reports the PDCP data volume to both legs; 3) UE submits the PDCP data to both legs;  else: 1) Allow pre-processing only to RLC buffer of a default leg; 2) UE reports the PDCP data volume only to a default leg; 3) UE submits the PDCP data only to a default leg;
Proposal 4
Define data volume as the available data volume in PDCP layer and RLC layer of the default leg.
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