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1. Introduction
The NR UL data split operation was discussed during previous RAN2 meetings. At RAN2#98 meeting, the following agreements were reached:
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.

In this contribution, we detail our view on how the threshold for UL data split operation could be designed when at least one NR link is involved.
2. Discussion
The LTE UL Split Operation, from a UP perspective, is summarized in the Annex.

As agreed in previous meeting, it is desired to use a configurable threshold to determine if UE should activate split operation, i.e. transmit on multiple links rather than on one link (the prioritized link, which can also be configured). This behaviour is required to avoid triggering UL split operation for small data, similarly as in LTE.
2.1. Threshold to activate UL split
LTE threshold operation

In LTE, as explained in the Annex, in case of split bearer operation, a tight flow control is implicitly assumed when a split bearer is configured, such as PDCP PDUs remain stored in PDCP until requested by lower layers (this is not the case for non-split operation). This means that for the most part, the data to be transmitted is buffered into PDCP (only RLC SDU segments, RLC STATUS or RLC PDUs to be retransmitted are to be transmitted but not buffered PDCP; typically this represents a much lower data amount than what is buffered in PDCP).

Hence, the use of PDCP data volume basically boils down to looking at how much UL data needs to be transmitted. 

Observation 1: In LTE, the use of PDCP data volume mostly boils down to looking at total data volume to be transmitted

We think this is a good approach, as the UL split is activated whenever the buffered data to be transmitted is higher than a threshold. This can be the case when incoming throughput increases compared to what could provide the prioritized link, or when there is congestion on the prioritized link, and hence the data to be transmitted accumulates even with relatively low throughput.
Proposal 1: Keep the LTE approach of using split threshold based on buffered data to be transmitted

NR threshold operation

In NR, the protocol design should allow pre-processing on NR link(s). This means that some data can be pre-allocated (submitted) on NR link(s) before UL grant arrival (see our companion contribution [1]). This is needed whatever the split solution, dynamic or hard split.
It is possible to keep the LTE approach if instead of considering only PDCP data volume, we consider also in addition the data volume which was submitted and buffered in NR lower layers. The data volume to be considered can be either the “total new data” (PDCP data, as well as PDCP PDUs already sent and buffered in lower layers, regardless they are pre-processed or not), or “total data” (including also RLC retransmissions, RLC STATUS). It seems easier to consider total data.
This can be applicable whenever we have at least 1 NR link, i.e. for NR-NR or NR-LTE UL split operation. For LTE link, the buffered data in lower layers might be taken into account (to align with NR) or not (to keep same mechanism as in LTE) – as discussed above, this does not make much difference. 
Proposal 2: The split threshold is based on buffer status including data buffered in NR link(s) lower layers
2.2. Buffer Status Reporting
LTE BSR operation

As indicated in the Annex, in LTE the split threshold is also used to advertise/make PDCP data visible to one or both links (for BSR calculation/reporting). This means that whenever BSR is higher than the split threshold, it has been reported to both links. Such information might be used by the NB scheduler to optimize the scheduling.

Observation 2: In LTE, the split PDCP data threshold is also used to make PDCP data visible to one or both links (for BSR calculation/reporting)
NR BSR operation

It is proposed that the same principle is kept for NR. Whenever the “total data” is higher than the split threshold, the PDCP data (if any) is made visible to both links (for BSR calculation / BSR triggering). 
Proposal 3: Keep the LTE approach that the split data threshold is also used to make PDCP data visible to one or both links (for BSR calculation/reporting)
The “total data” is used for UL split operation decision, but it is not reported to both links as only the PDCP data might be submitted to either link. Data which was already submitted to one link is only reported in the BSR related to that link, as it should not be required that the UE can change link on the fly (on UL grant reception).
Proposal 4: The data buffered in a given NR link lower layers is only accounted for in the BSR related to that link
3. Conclusion 
In this contribution, we discussed UL data split threshold operation for NR, and made the following observations and proposals:
Observation 1: In LTE, the use of PDCP data volume mostly boils down to looking at total data volume to be transmitted
Proposal 1: Keep the LTE approach of using split threshold based on buffered data to be transmitted
Proposal 2: The split threshold is based on buffer status including data buffered in NR link(s) lower layers
Observation 2: In LTE, the split PDCP data threshold is also used to make PDCP data visible to one or both links (for BSR calculation/reporting)
Proposal 3: Keep the LTE approach that the split data threshold is also used to make PDCP data visible to one or both links (for BSR calculation/reporting)
Proposal 4: The data buffered in a given NR link lower layers is only accounted for in the BSR related to that link
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Annex – LTE UL Split Operation

This section recalls operation of UL split bearer in LTE, from UP perspective.
PDCP and RLC/MAC layers flow control 
Implicitly, the LTE design introduce a tight flow control between PDCP and RLC/MAC layers whereby whenever a UL split bearer is configured (this is derived from the presence of a PDCP data ul-DataSplitThreshold in the configuration), the PDCP PDUs are retained in PDCP till they are requested by lower layers of either link (UL grant on one of the link is received). Then, only the necessary amount of PDCP PDUs needed to fill the request originating from MAC LCP are sent towards the link where the UL grant was received (with a restriction to prioritized link if PDCP data volume was below the threshold).

This is described in the following figure:
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As it can be seen, such mechanism does not allow pre-processing as routing is performed only after UL grant reception.

Threshold operation

In addition, it was desired that the transmission on both links is only performed when there is sufficient data to be sent. The goal is to avoid small data transmission to trigger both links (SR, BSR, and then possible double grant allocation) whereas there is no gain to do it.

This was implemented in LTE Rel-13 by using a threshold relative to PDCP data.

This is described in figure below:
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The threshold is used twice:

- to make PDCP data “visible” for BSR triggering / calculation on one (the prioritized link) or both links

- to transmit PDCP PDUs, upon lower layers request, on one (the prioritized link) or both links (as indicated earlier).
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