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1. Introduction
Currently, it is up to UE implementation how PDCP delivers PDUs to the lower layer. However, with two data paths for the uplink direction, the delivery of PDCP PDUs to the multiple lower layers is unclear, and further clarification of the principle behind PDCP PDUs delivery is needed.
2. Discussion
2.1. Indication of data arrival to MAC entity
At the last meeting, RAN2 clarified following cases when PDCP SDU arrives [1]:
	Assume that the priority of split bearer is highest among the RBs having data for transmission. 
M-MAC, S-MAC, and data path is configured to S-MAC
Case1. Empty buffer, PDCP SDU (X) arrives, X < Th  (S-MAC triggers BSR)
Case2. Empty buffer, PDCP SDU (X) arrives, X > Th  (M-MAC and S-MAC triggers BSR)
Case3. PDCP buffer Y < Th, PDCP SDU (X) arrives, X + Y < Th  (no BSR trigger)
Case4. PDCP buffer Y < Th, PDCP SDU (X) arrives, X + Y > Th  (M-MAC triggers BSR)
Case5. PDCP buffer Y > Th, PDCP SDU (X) arrives, X + Y > Th  (no BSR trigger)
Case6. PDCP buffer Y > Th, PDCP buffer becomes X < Th  (no BSR trigger)


As one of the triggering events for “Regular BSR”, these cases clarify the UE behaviours when UL data arrives. Once BSR is triggered for either or both MAC entity, the existing BSR (e.g. Periodic BSR) is continuously triggered in the entity according to the existing rules.
In our understanding, Case 3, 4, 5 and 6 are post-processes of either Case 1 or Case 2 since data is already stored in PDCP buffer. For the post-processes, there are several combinations.
Case 1 ( Case 3

Only S-MAC triggers BSR 
(and existing BSR is continuously triggered in S-MAC later on)
Case 1 ( Case 4
S-MAC triggers BSR firstly, and M-MAC triggers BSR secondly 
(and existing BSRs are continuously triggered in S-MAC and M-MAC later on)
Case 2 ( Case 5
M-MAC and S-MAC triggers BSR simultaneously 
(and existing BSRs are continuously triggered in S-MAC and M-MAC later on)
Case 2 ( Case 6
M-MAC and S-MAC triggers BSR simultaneously 
(and existing BSRs are continuously triggered in S-MAC and M-MAC later on)
2.2. Data delivery to lower layers
PDCP behaviour in Case 1 and Case 3 is similar to Rel-12 since only one MAC entity triggers BSR. In these cases, data is delivered to only one path since it was agreed that “BSR triggering, Buffer Size calculation, and data transmission is aligned” in the last meeting. For the case when the data amount in PDCP is larger than the configured threshold the UE behaviour may be different from the existing UE behaviour, and it is the subject of the discussion below.
Pull model
With this model, arrival data is stored in the PDCP until uplink resources are granted. This model works well with double BSR since the benefit of double BSR is that both eNBs are aware of the stored data in the PDCP. This model is expected to bring uplink throughput enhancement (Alt.1 in Fig.1).
Push model
Before Rel-13, it is completely up to UE implementation when the PDCP delivers PDCP PDUs to the lower layer. Some companies may assume that PDCP PDUs are delivered to lower layer immediately upon arrival of PDCP SDUs. It makes sense that the PDCP processes PDCP SDUs immediately since ciphering should not be a delay-critical operation [2]. Furthermore, delivering PDCP PDUs to the lower layer and storing it in RLC transmission buffer would not require an additional PDCP PDU buffer.
However, with this model some of the cases above will not work well for uplink split bearer operation. In particular, Cases 3, 4, 5 and 6 will not happen for the push model since the arrival data is not stored in the PDCP. Accordingly, double BSR is only triggered in Case 2. Since the PDCP blindly delivers the processed data immediately to the lower layer, the eNB is only aware of the correct buffer status through the updated BSR (e.g. periodic BSR). Each of the reported buffer status would be based on each of the RLC buffer status, i.e. SeNB and MeNB will only obtain from the UE the SCG-RLC buffer status and MCG-RLC buffer status, respectively (Alt.2 in Fig.1). Although Cases 1 and 2 are still applicable for the Push model, and the newly arrived PDCP data cannot be forwarded to the lower layer until the BSR for the corresponding CG is triggered, there’s a possibility with the Push model that all the data in the PDCP buffer is transferred to the lower layer even before sufficient UL resources are allocated to all the data transferred to the lower layer. Therefore, for UL throughput enhancement and for reducing the amount of over-allocation of UL resources, PDCP data should be stored in the PDCP layer until uplink resources are granted. 
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Fig.1 Arrival data is stored in PDCP until UL grant (left), arrival data is delivered to RLC before UL grant (right)
Proposal 1:
RAN2 should confirm that arrival data is stored in PDCP until uplink resources are granted for throughput enhancement in the uplink.

If proposal 1 is agreeable, there are two options to achieve this behaviour.
Option 1. PDCP SDUs are stored in PDCP SDU buffer. When PDCP is indicated uplink grant, it starts processing the SDUs and delivers processed PDUs to the RLC layer.
Option 2. PDCP SDUs are immediately processed, and the processed PDCP PDUs are stored in PDCP PDU buffer. When PDCP is indicated uplink grant, it delivers the stored PDUs to the RLC layer
Although Option 2 has the advantage that ciphering delay is eliminated, this level of control is beyond the requirements needed in the PDCP specification.  Instead, how the PDCP SDU should be processed and whether PDCP PDU buffer is needed can still be up to UE implementation. 

Proposal 2:
It can still be up to UE implementation when PDCP SDU should be processed and whether PDCP PDU buffer is needed. 
3. Conclusion
This contribution discusses how the UE should process the PDCP arrival data and when the processed PDCP PDUs should be delivered to the lower layer. Through this discussion, we reached the following proposals.
Proposal 1:
RAN2 should confirm that arrival data is stored in PDCP until uplink resources are granted for throughput enhancement in the uplink.

Proposal 2:
It can still be up to UE implementation when PDCP SDU should be processed and whether PDCP PDU buffer is needed. 
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