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1 Introduction
In RAN2#99, the topic of pre-processing with data split was discussed and the following agreements were reached [1].
1. 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)

The agreement above raises the need to specify or clarify UE behavior with respect to pre-processing. In this document, we provide our views on this topic.
2 Implication of pre-processing
The eMBB usage scenarios targets DL (UL) data rates of 20Gbps (10 Gbps) and user plane latency of 4ms, severely limiting the amount of time available for both transmit and receive processing. These performance requirements are exacerbated by the adoption of shorter TTI, and will impose a significant burden on UE processing power, memory bandwidth, and power consumption. Pre-processing mitigates UE requirements, by allowing partial decoupling of the protocol header generation process from the uplink grant timing constraints.
Observation 1: Pre-processing is a cost-effective mechanism to meet NR eMBB performance requirements.
The NR user plane draft TSs currently do not describe how much pre-processing the UE can do. More specifically, they do not impose any restriction on the amount of pre-processing that a UE is allowed to perform. It is worth discussing if leaving pre-processing entirely to UE implementation has any impact on gNB scheduling flexibility. For the single connectivity case, with the current BSR design, pre-processing is invisible to the gNB. So there is no reason to specify the amount of pre-processing done by the UE.
Observation 2: For the single connectivity scenario, there is no reason to specify the amount of pre-processing that can be performed by the UE, from the perspective of gNB scheduling.
However, in the case of dual connectivity, the situation is more complex. In LTE, the control of how the PDCP entity routes packets to RLC entities associated with either the MCG or the SCG is fully vested in the network. This is because the UE performs routing only after the UL grant is received, and hence it is the network which determines the utilization for each link (MCG and SCG). In NR, on the other hand, as discussed in RAN2#99, pre-processing is allowed and UE should behave properly to avoid issues. 
3 Solutions
At a high level, there are two options for how pre-processing by the UE can be restricted.
Option 1: The amount of pre-processing that the UE can perform is specified exactly (e.g., by hardcoding in the specs or allowing for configuration by the gNB)
Option 2: The exact amount is left to UE implementation, and the UE is expected to only pre-process the amount necessary for supporting UL data rates.
In our view, Option 2 is the preferred approach for a number of reasons. First, as a practical matter, we expect that the amount of pre-processing performed by the UE to be quite modest. For example, it may be sufficient to generate headers for 1-2 TBs worth of data in advance. So we do not expect any significant degradation in gNB scheduling performance with Option 2. Second, the actual amount that the UE needs to pre-process can depend on a variety of static and dynamic factors including UE implementation design, supported data rates (UE category), HARQ timing parameters (e.g., K2) etc. Since the gNB is not privy to UE implementation details, it is unclear how the gNB can reasonably configure the pre-processing amount as in Option 1. Moreover, supporting dynamic changes to the pre-processing amount with Option 1 will require new signalling and/or specification enhancement which seems undesirable at this stage. Thirdly, since pre-processing is internal to UE implementation, it seems difficult, if not impossible, to devise tests for Option 1. For these reasons, we believe that Option 2 is the preferred approach.
Proposal 1: Add a note in the PDCP spec. stating that “The UE may submit a PDCP PDU to lower layers without waiting for notification from the lower layer of a transmission opportunity. When the transmitting PDCP entity is associated with two RLC entities, the UE should attempt to minimize the amount of pre-processed data sent to lower layers to meet uplink scheduling timing requirements”. 
It is also worth noting, that if Proposal 1 is agreed, then the UL data split operation as currently described in the draft NR PDCP spec will not need to be modified. Note also that no change to RLC spec [3] is needed. 
4 Conclusions
In this document, we have discussed the topic of pre-processing with UL data split. Our observations and proposals are summarized below.
Observation 1: Pre-processing is a cost-effective mechanism to meet NR eMBB performance requirements.
Observation 2: For the single connectivity scenario, there is no reason to specify the amount of pre-processing that can be performed by the UE, from the perspective of gNB scheduling.
Proposal 1: Add a note in the PDCP spec. stating that “The UE may submit a PDCP PDU to lower layers without waiting for notification from the lower layer of a transmission opportunity. When the transmitting PDCP entity is associated with two RLC entities, the UE should attempt to minimize the amount of pre-processed data sent to lower layers to meet uplink scheduling timing requirements”.
A Text Proposal for 38.323 v1.0.0 [2] based on the proposal above is provided in the Annex below. The changes are highlighted in yellow. 
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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 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:
-	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, FFS how may PDCP PDUs the PDCP entity can submit 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.
NOTE:	The UE may submit a PDCP PDU to lower layers without waiting for notification from the lower layer of a transmission opportunity. When the transmitting PDCP entity is associated with two RLC entities, the UE should attempt to minimize the amount of pre-processed data sent to lower layers to meet uplink scheduling timing requirements




