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1	Introduction
The most recently endorsed draft TS 38.323 contains the following FFS.
Editor’s Note: The exact data submission procedure needs further discussion. It is FFS when the PDCP entity submits the PDCP Data PDU to lower layer, and FFS what is compared with threshold.
In this contribution, we discuss conditions at PDCP for uplink splitting to both MCG and SCG. We conclude that the condition as currently specified in LTE PDCP, while proper for cases such as intra-NR DC across Distributed Units, does not adequately serve use cases where the MCG and SCG branches have imbalanced delays, such as in LTE-NR DC.
2	Discussion
The current rule for the UE to report uplink data available at PDCP to MCG and/or SCG has been specified in LTE PDCP TS 36.323 as follows:
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:
-	indicatethe 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.
In short, the data available for transmission is reported to both MCG and SCG only when a pre-configured threshold amount of data is exceeded. Thus, when “the data available for transmission is larger than or equal to ul-DataSplitThreshold”, the “primary” cell group, to which the uplink data is anyway reported, is not used alone but together with the other cell group, in the current specification.
Consider a use case where the MCG and SCG have imbalanced delays, such as in LTE-NR DC. In such a case, taking the other cell group into use comes at the cost of increased reordering delay, which impacts TCP performance. This cost should be paid only when the gains are greater, i.e. when the packet delay at the UE’s uplink buffer exceeds that cost. As a splitting condition, a given amount of data in buffer translates into a given delay only at some fixed data rate on the primary cell group, but unfortunately the data rate cannot be expected to remain constant: it makes a difference whether that data rate is, say, 1Mbps or 1Gbps. Because having to reconfigure the data-amount threshold so as to follow the fluctuations in the data rate would be infeasible, we propose to adopt the packet delay as a more explicit splitting trigger.
Proposal 1:	For uplink splitting at NR PDCP, adopt as an alternative a configurable threshold defined in terms of packet delay in the transmission buffer.
3	Conclusion
This contribution discussed conditions at PDCP for uplink splitting. We conclude with the following.
Proposal 1:	For uplink splitting at NR PDCP, adopt as an alternative a configurable threshold defined in terms of packet delay in the transmission buffer.
A text proposal of a possible implementation of the alternative in the specification is provided in Annex.
[bookmark: _GoBack]	Proposal 2:	Agree the text proposal in Annex implementing Proposal 1.
References
[1] 3GPP TS 36.323 E-UTRA PDCP specification
Annex: Text proposal
[bookmark: _Toc483216088][bookmark: _Toc477873862][bookmark: _Toc478029698][bookmark: _Toc479861759]5.2	Data transfer
[bookmark: _Toc477873863][bookmark: _Toc478029699][bookmark: _Toc486851289][bookmark: _Toc483216089]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);
-	start the ul-DataSplitTimer 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 RLC entity:
-	submit the PDCP Data PDU to the associated RLC entity;
-	else, if the transmitting PDCP entity is associated with two RLC entities:
-	if pdcpDuplication is configured and activated:
-	duplicate the PDCP Data PDU and submit the PDCP Data PDU to both associated RLC entities;
-	else, if pdcpDuplication is configured but not activated:
-	submit the PDCP Data PDU to the configured RLC entity;
-	else:
-	if the PDCP data volume is less than ul-DataSplitThreshold (if configured); or
-	if ul-DataSplitTimer is configured and no uplink PDCP SDU or corresponding PDCP PDU is stored for which ul-DataSplitTimer expired:
-	submit the PDCP Data PDU to the configured RLC entity;
-	else:
-	submit the PDCP Data PDU to one of the associated RLC entity.
Editor’s Note: The exact data submission procedure needs further discussion. It is FFS when the PDCP entity submits the PDCP Data PDU to lower layer, and FFS what is compared with threshold.
Editor’s Note: It is FFS whether the duplication is also applicable to PDCP Control PDU.
[bookmark: _Toc477873865][bookmark: _Toc478029701][bookmark: _Toc486851294][bookmark: _Toc483216091]5.3	SDU discard
When the discardTimer expires for a PDCP SDU, or the successful delivery of a PDCP SDU is confirmed by PDCP status report, the transmitting PDCP entity shall discard the PDCP SDU along with the corresponding PDCP Data PDU. If the corresponding PDCP Data PDU has already been submitted to lower layers, the discard is indicated to lower layers.
NOTE:	Discarding a PDCP SDU already associated with a PDCP SN causes a SN gap in the transmitted PDCP Data PDUs, which increases PDCP reordering delay in the receiving PDCP entity. It is up to UE implementation how to minimize SN gap after SDU discard.
For AM DRBs, upon receiving confirmation of successful delivery of a PDCP SDU (either from lower layer or by PDCP status report), the transmitting PDCP entity shall stop the ul-DataSplitTimer associated with this PDCP SDU (if configured).
For UM DRBs, upon submitting a PDCP Data PDU to lower layer for transmission, the transmitting PDCP entity shall stop the ul-DataSplitTimer associated with the corresponding PDCP SDU (if configured).
[bookmark: _Toc486851299][bookmark: _Toc477873870][bookmark: _Toc478029706][bookmark: _Toc483216096]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.
Editor’s Note: Other SDUs and PDUs that are considered as PDCP data volume are FFS.
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-DataSplitTimer is configured and an uplink PDCP SDU or corresponding PDCP PDU is stored for which ul-DataSplitTimer expired:
-	indicate the data available for transmission to both the MAC entity configured for SCG and the MAC entity configured for MCG;
-	else:
-	indicate the data available for transmission to the configured MAC entity only;
-	if ul-DataSplitTimer is configured, indicate the data available for transmission as 0 to the other MAC entity.

