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1 Introduction

In RAN2#98, RAN2 agreed to support threshold based UL data split in NR. In RAN2#99 meeting, RAN2 also agreed that a UE with split bearer can be configured to transmit on a single path via RRC signalling.
By considering above, RRC configuration of the split bearer should support both threshold-based split and transmission on a single link. In this paper, we would like to discuss some details on them.
2 Discussion
In NR, it was agreed to support threshold based UL data. The details on UL data split are still open. As always, we can start the discussion with LTE. Table 1 summarizes the UL split in LTE Rel-12 and Rel-13.
	
	Rel-12 UL split
	Rel-13 UL split

	Transmission
	only via MCG or via SCG
	Only via MCG or via SCG when below threshold
Either via MCG or via SCG when above threshold

	Buffer status reporting
	only to MCG or to SCG
	Only to MCG or to SCG when below threshold
Either via MCG or via SCG when above threshold

	RRC signaling
	ul-DataSplitDRB-ViaSCG-r12
	ul-DataSplitDRB-ViaSCG-r12
ul-DataSplitThreshold-r13

	Bearer
	MCG split bearer
	MCG split bearer


Table 1. UL split in LTE
Rel-12 UL split allows transmission via only one leg whereas Rel-13 UL split allows transmission via both legs for massive data. This means that combination of Rel-12 split and Rel-13 split supports NR UL split agreed so far. We see that Rel-12 UL split operation is a subset of Rel-13 UL split operation. It can be realized by absence of optional ul-DataSplitThrehold-r13 field. Therefore, Rel-13 UL split is considered as a good baseline of NR UL split. 
Proposal 1: The baseline for NR UL split is Rel-13 LTE UL split.
Rel-13 UL split is configured by two main parameters: preferred leg (ulDataSplitDRB-ViaSCG-r12) and threshold (ul-DataSplitThreshold). This works well without any critical problem. There is no reason to bother to invent new parameters for NR UL split.

Proposal 2: ul-DataSplitDRB-ViaSCG and ul-DataSplitThreshold are used to configure NR UL split operation.
To support Rel-12 LTE UL split operation, the presence of ul-DataSplitThreshold is optional in LTE. This rule needs to be kept in NR. 
Proposal 3: The presence of ul-DataSplitThreshold is optional.
In LTE, the UL split is limited to MCG split in LTE just because there is no SCG split in LTE. In NR especially EN-DC, NR should support SCG split as well as MCG split. Thus, UL split operation can be transparent to the type of split bearer (i.e. whether it is MCG split or SCG split). 

Proposal 4: NR UL split is applicable for both split bearers (i.e. both MCG split bearer and SCG split bearer).
In summary, the proposals result in LTE RRC signaling and LTE PDCP specification reused for NR RRC and NR PDCP to specify UL split operation. Both PDCP PDU submission and buffer status reporting should be captured. For UL split, LTE PDCP specification could be reused almost as it is. For duplication, PDCP operations can be specified based on duplication status and the configured logical channels. In Annex, the text proposals are proposed.

Proposal 5: Adopt the text proposal in Annex.
3 Conclusion

Based on the above, RAN2 is requested to discuss and capture the following proposal:
Proposal 1: The baseline for NR UL split is Rel-13 LTE UL split.
Proposal 2: ul-DataSplitDRB-ViaSCG and ul-DataSplitThreshold are used to configure NR UL split operation.
Proposal 3: The presence of ul-DataSplitThreshold is optional.

Proposal 4: NR UL split is applicable for both split bearers (i.e. both MCG split bearer and SCG split bearer).
Proposal 5: Adopt the text proposal in Annex.
Annex: Text Proposal for TS38.323
5.2
Data transfer

5.2.1
Transmit operation
At reception of a PDCP SDU from upper layers, the transmitting PDCP entity shall:

-
start the discardTimer associated with this PDCP SDU (if configured);

For a PDCP SDU received from upper layers, the transmitting PDCP entity shall:
-
associate the COUNT value corresponding to TX_NEXT to this PDCP SDU;

NOTE:
Associating more than half of the PDCP SN space of contiguous PDCP SDUs with PDCP SNs, when e.g., the PDCP SDUs are discarded or transmitted without acknowledgement, may cause HFN desynchronization problem. How to prevent HFN desynchronization problem is left up to UE implementation.

-
perform header compression of the PDCP SDU as specified in the subclause 5.7.4;

-
perform integrity protection, and ciphering using the TX_NEXT as specified in the subclause 5.9 and 5.8, respectively;

-
set the PDCP SN of the PDCP Data PDU to TX_NEXT modulo 2[pdcp-SN-Size];
-
increment TX_NEXT by one;

-
submit the resulting PDCP Data PDU to lower layer as specified below.
When submitting a PDCP Data PDU to lower layer, the transmitting PDCP entity shall:

-
if the transmitting PDCP entity is associated with one logical channel:

-
submit the PDCP Data PDU to the associated RLC entity;

-
else, if the transmitting PDCP entity is associated with two logical channels:

-
if pdcpDuplication is configured and activated:
-
duplicate the PDCP Data PDU and submit the PDCP Data PDU to both with logical channels configured for duplication;

-
else, if pdcpDuplication is configured but not activated:
-
submit the PDCP Data PDU to the configured RLC entity associated with default logical channel configured for duplication;

-
else:

-
if the PDCP data volume is larger than or equal to ul-DataSplitThreshold:
-
submit the PDCP PDUs to either the associated RLC entity configured for SCG or the associated 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


.
// yellow highlighted part is copy and paste of LTE PDCP (with some indentation)//
5.6
Data volume calculation
For the purpose of MAC buffer status reporting, the transmitting PDCP entity shall consider PDCP Control PDUs, as well as the following as PDCP data volume:

For SDUs for which no PDU has been submitted to lower layers:

-
the SDU itself, if the SDU has not yet been processed by PDCP, or

-
the PDU if the SDU has been processed by PDCP.

For split bearers not configured for duplication, 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.
// yellow highlighted part is copy and paste of LTE PDCP (with some indentation)//
For either MCG bearers configured with two logical channels, SCG bearers configured with two logical channels or split bearer configured for duplication, when indicating the data available for transmission to a MAC entity for BSR triggering and Buffer Size calculation, the UE shall:
-
if duplication is activated:

-
indicate the data available for transmission for both logical channels (either to both MAC entities or to the corresponding MAC entity);
-
else:

-
indicate the data available for transmission for default logical channel;
