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1
Introduction
In RAN2#97bis meeting UL split bearer operation for NR was discussed. It was in particular debated whether the Rel-13 threshold-based approach for UL split bearer operation allows pre-processing. In [1] it was suggested to configure the UE with a hard-split ratio determining how to distribute PDCP data between the cell groups in order to ensure that UE can pre-processes PDCP data before UL grant is received.   
2
Discussion
In our understanding the Rel-13 threshold-based approach for UL split bearer operation doesn’t allow pre-processing. The reason is that, when the amount of data in PDCP is above the configured threshold, UE reports to both eNBs the same amount of PDCP buffer. The complete PDCP data can be transmitted via both cell groups/links, i.e. it is not that the part of the PDCP data which is below the threshold can be only transmitted via the configured prioritized cell group/link as suggested in [2]. Transmission takes place according to the received uplink grants. Hence UE doesn’t know to which CG/eNB the data will be transmitted before UL grant reception; therefore pre-processing of PDCP/RLC/MAC header is not possible. We assume that pre-processing in PDCP means that PDCP generates the PDCP PDU and delivers it to RLC layer where RLC header (and subsequently potentially MAC header) is generated.
Observation 1: Rel-13 UL split bearer operation doesn’t allow for pre-processing when amount of PDCP data is above the configured threshold for NR DC.

In the hard-split approach which was proposed for Rel-12, pre-processing of PDUs is possible for both cell groups since PDCP PDUs can be directly routed to the RLC entities of different cell groups based on the defined split ratio. However as discussed during Rel-12 timeframe splitting the PDCP data based on some ratio bears the problem that blocked SDUs in one queue/link prevents the subsequent SDUs from being forwarded to the higher layer. Fast varying radio conditions of NR, e.g. in the millimetre wave band, may even exacerbate the problem.

Observation 2: hard-split based approach allows for pre-processing however at the cost of performance in case the configured split ratio does not match the ratio of the granted resources
In general we don’t think extensive pre-processing is neither required nor beneficial. Basically pre-processing shall ensure that UE upon having received an UL grant can immediately feed PHY with part of the MAC PDU in order to start the encoding, i.e. CB segment is encoded. Pre-processing shall ensure the next uplink transmission; therefore UE doesn’t need to pre-process PDUs for several TTIs/transmissions. It should be noted that the amount of required pre-processing for a logical channel depends on the buffer status for the configured logical channels, the priority of the logical channels, UE processing power capability etc. Pre-processing may be e.g. only required for the highest priority logical channel. Furthermore UE should not process PDCP SDUs too early in order to avoid a potential HFN desynchronization as already specified for LTE. In addition extensive pre-processing may have some adverse effects on the discard functionality, i.e. PDCP discard functionality is ineffective when RLC header is attached.
Observation 3: extensive pre-processing should be avoided due to potential implications on HFN desynchronization and SDU discard mechanism. 
As mentioned above, we think that UE shall only pre-process such, that the runtime processing requirements for the next uplink transmission is reduced.  For example UE could dimension the amount of pre-processing based on some expected UL grant size. 
Proposal 1: UE shall only perform limited pre-processing of PDCP SDUs, e.g. based on some expected UL grant size.
In order to achieve the best performance, i.e. benefitting from being scheduled by both cell groups, UE should only do limited pre-processing for both cell groups (in order to account for the next potential UL grant) and keep the remaining PDCP data in PDCP buffer and only route them to the RLC entities based on received UL grants. 

Therefore we think that the Rel-13 threshold-based solution should be also used for NR Dual Connectivity in order to achieve the best performance. However in order to address the pre-processing issue, the UE shall be allowed – when the amount of PDCP data is above the configured threshold - to do limited pre-processing for both cell groups, i.e. UE generates PDCP PDUs up to a certain limit and routes them to both cell groups. It should be further discussed whether some limitation for the pre-processing shall be imposed by some network configuration, e.g. pre-processing limit is configured or some expected grant size which determines the maximum allowed amount of pre-processing, or whether the limited pre-processing shall be left to UE implementation. 
Proposal 2: threshold-based solution should be used for NR Dual Connectivity, i.e. UL split bearer operation
Proposal 3: UE is allowed to do some limited pre-processing, e.g. based on expected UL grant size, for both cell groups when amount of PDCP data is above the configured threshold

Proposal 4: RAN2 shall discuss whether some limitation for the pre-processing shall be imposed by network, e.g. pre-processing limit is configured or some expected grant size which determines the maximum allowed amount of pre-processing, or whether the limited pre-processing shall be left to UE implementation.
3
Conclusion
This contribution is discussing UL split bearer operation for NR. It is proposed to agree on the following:

Observation 1: Rel-13 UL split bearer operation doesn’t allow for pre-processing when amount of PDCP data is above the configured threshold for NR DC.
Observation 2: hard-split based approach allows for pre-processing however at the cost of performance in case the configured split ratio does not match the ratio of the granted resources
Observation 3: extensive pre-processing should be avoided due to potential implications on HFN desynchronization and SDU discard mechanism.
Proposal 1: UE shall only perform limited pre-processing of PDCP SDUs, e.g. based on some expected UL grant size.
Proposal 2: threshold-based solution should be used for NR Dual Connectivity, i.e. UL split bearer operation
Proposal 3: UE is allowed to do some limited pre-processing, e.g. based on expected UL grant size, for both cell groups when amount of PDCP data is above the configured threshold

Proposal 4: RAN2 shall discuss whether some limitation for the pre-processing shall be imposed by network, e.g. pre-processing limit is configured or some expected grant size which determines the maximum allowed amount of pre-processing, or whether the limited pre-processing shall be left to UE implementation.
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