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1 Introduction
In the previous RAN2 meetings, pre-processing for the UL split bearer was discussed and the following agreements were made [1] [2]::
	- The LTE threshold based mechanism is used for UL bearer split.   

- Pre-processing is allowed in the split bearer case, similar to single carrier case. How much pre-processing is done is left to UE implementation. 
- 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)


There are still some issues left, e,g how to avoid bad UE behaviour when the PDCP entity submits the PDCP Data PDU to lower layer before a request is received, whether to capture a pre-processing limit, what is used as the threshold in split operation and how to specify PDCP behaviour in EN-DC. In this contribution, we discuss the above mentioned issued for the UL split bearer. In addition, we also intend to discuss the pre-processing for UL split bearer in the case of EN-DC.
2 Discussion
2.1 Whether a pre-processing limit is needed
According to the agreement in RAN2 AH#2 meeting, pre-processing is allowed in the split bearer case but how much pre-processing is done is left to UE implementation. In RAN2#99 meeting, it was agreed that PDCP entity can submit PDCP PDU to lower layer before receiving a request. This may bring an issue that the data submitted to lower layer in advance does not match with the actual UL grant. If such a mismatch happens, there will be congestion in the RLC layer and buffer overflow is possible. Also, if the PDCP discard timer expires for a certain PDCP PDU, while the RLC PDU for which has been generated in the RLC layer, the RLC layer will transmit the overly-delayed packets that do not satisfy the per-packet delay specified by the QCI for the logical channel. 
Pre-defining a pre-processing limit can, to some extent, reduce the probability of such mismatch. It is hard to configure how much the limit should be given the timer varying amount of grants that the MAC layer gives a certain logcal channel after LCP. It cannot totally eliminate this issue which depends on the exact mechanism to define the pre-processing limit. 
Therefore, we propose to confirm the AH#2 agreement that the amount of pre-processing is up to UE implementation and no pre-processing limit should be specified. 
Proposal 1: RAN2 confirm that the amount of pre-processing is up to UE implementation and no pre-processing limit should be specified.
In the next section, we intend to further specify what will be the proper UE behavior when the mismatch happens.

2.2 How to specify proper UE behaviour in pre-processing
As mentioned above, the mismatch between the data submitted to RLC in advance and the UL grant may happen if PDCP layer submits data to the lower layer before request.  Here, we think there may be several ways that the bad UE behaviour can be avoided.
For example, the UE can pre-process the RLC PDU for a PDCP PDU in a RLC entity by assuming that this RLC entity will receive a UL grant first. However, in case it is the other RLC entity that is given a transmission opportunity first, proper UE behaviour should be specified in the specs. As far as can be considered, UE can either withdraw the pre-processed RLC PDUs which are not able to be transmitted in the current RLC entity or fetch the over-processed RLC PDUs back to PDCP layer. Then the PDCP layer can re-process the corresponding PDCP SDUs and deliver them to the other RLC entity. How to behave if over-processing happens can be left to UE implementation.
Also, UE can also avoid transmitting the overly delayed packets due to PDCP discard by UE implementation. When PDCP discard is indicated from PDCP to the RLC layer, the UE can limit the amount of RLC PDU generation by limiting the amount of SNs associated to the RLC SDU. In this way, RLC SDUs still can be discarded.  
In conclusion, which RLC entity should be finally used for transmission of a PDCP PDU can be determined only when the lower layer indicates the transmission opportunity. If the pre-processing result mismatches with the transmission opportunity, how to treat the pre-processed PDUs can be up to UE implementation. Thus we propose:
Proposal 2: In NR split operation, if the pre-processing result mismatches with the transmission opportunity, it is up to UE implementation how to treat the over-processed packets.
2.3 Clarification on the threshold for UL split bearer
According to the agreements in AH#2 meeting, the LTE threshold based mechanism is used for UL bearer split in NR. In other words, the threshold is compared to only data volume in PDCP. In previous meetings, there are contributions proposing other thresholds, e.g. data rate and packet delay [3]. The reason is when lots of PDCP SDUs are arriving in the PDCP, i.e. the data rate is high, the data volume in PDCP may decrease rapidly due to fast scheduling and pre-processing. However, to our understanding, this is not a strong motivation to change the data volume based threshold. On one hand, if fast scheduling is performed leading to the data volume less than threshold, it means gNB can allocate more than enough resource to make sure the current data can be taken care of via one link. It is not necessary to schedule data via both links. On the other hand, regarding to pre-processing, it is already agreed to be up to UE implementation. The UE can decide the proper amount of pre-processing to prevent too much pre-processing. Besides, UE can also submit the pre-processed data to both RLC entities in advance. In this way, both the paths will be used. Therefore, the-data-volume- decreasing-fast case is not likely to happen. Based on the above discussion, we hold the opinion that using only data volume in PDCP as the threshold is reasonable in NR.
Proposal 3: RAN2 confirm that only PDCP data volume is used as the threshold in NR.
2.4 PDCP pre-processing in EN-DC

In the first phase of deployment of NR, it is likely that the NR gNB, as the SeNB, will be deployed together with the LTE eNB, as the MeNB. In this EN-DC architecture, it has been agreed that the version of PDCP in the eNB shall be NR PDCP, while the lower layers, such as RLC and MAC, shall still be in the LTE version. 
For the case of NR DC, we have made the agreement that PDCP layer can submit the data to lower layers before transmission request is sent from the lower layers. The reason for this is that NR want to reap the gain from pre-processing as much as possible. However, for the UL split bearer in LTE side of EN-DC, this is not the case. LTE RLC does not have the functionality of NR pre-processing and if data are submitted to RLC before transmission grant. They are only going to be stored in the buffer as RLC SDU and wait for the transmission opportunity. In this case, jitter in the RLC will happen and the RLC SDU will be discarded by the PDCP discard mechanism, which is not the ideal scenario. Hence, for the PDCP behaviour when one of the leg in the UL split bearer is LTE RLC, we make the following proposal:
Proposal 4: In the case of EN-DC, for the leg with LTE, the NR-PDCP layer shall only deliver the PDCP PDUs to RLC when transmission opportunity is indicated from lower layers. 
3 Conclusion and Proposals
Proposal 1: RAN2 confirm that the amount of pre-processing is up to UE implementation and no pre-processing limit should be specified.
Proposal 2: In NR split operation, if the pre-processing result mismatches with the transmission opportunity, it is up to UE implementation how to treat the over-processed packets.
Proposal 3: RAN2 confirm that only PDCP data volume is used as the threshold in NR.
Proposal 4: In the case of EN-DC, for the leg with LTE, the NR-PDCP layer shall only deliver the PDCP PDUs to RLC when transmission opportunity is indicated from lower layers. 
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