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1 Introduction

In RAN2#97bis, two different approaches on the UL split bearer operation were introduced, i.e. a hard-split based approach [1] and a threshold based approach [2]. In RAN2#98, RAN2 agreed to have a threshold to determine if the UE should transmit on more than one link. However, the majority still had concerns about how to enable pre-processing when UE transmits data on both links. In this contribution, we propose an hybrid solution to solve the concerns, which is a compromised solution between the hard-split based approach and the threshold based approach.
2 Discussion
In LTE, the RLC concatenation requires input from MAC layer scheduling, i.e. it needs to interact with MAC to construct RLC PDU for each UL grant. After receiving scheduling decision (uplink grant size) and performing LCP procedure in MAC layer, the RLC concatenation can be performed and this process should be done within one scheduling cycle. This implies that neither RLC nor MAC layer can do any pre-processing before the grant information. It is hence subject to strict real time processing requirements, especially in the UE side. 

As NR is targeting for very high data rate and low latency [1], the processing time available for both transmitter and receiver may be very limited compared with the amount of data for transmission. It is hence important that L2 protocol functions in NR should be simplified and processing-power-friendly designed. In this respect, RAN2 agreed to support no RLC concatenation to achieve some benefits. One of the main advantages is to enable the pre-processing of both RLC and MAC layer before receiving the UL grant, i.e. PDCP SDU can be pre-constructed up to MAC SDU with its own MAC sub-header. There is a common understanding that this pre-processing can be implemented and reduce the processing-time for the single connectivity case. 
Observation 1: RAN2 have agreed to support pre-processing in the single connectivity case.

However, the dual connectivity (DC) case seems still controversial. In RAN2#98, there was an intensive discussion. One of the main arguments was how to enable the pre-processing for the high data rate case. Since RAN2 finally agreed to consider enhancement to allow for pre-processing, further discussion on the pre-processing for the DC case needs to be continued. 
Proposal 1: The pre-processing should be supported in DC case and RAN2 should study how to enable it and maximize its gain.

In the split bearer case, it is generally impossible to determine the RLC SN of an RLC PDU before we know in what cell group it is going to be transmitted, i.e. before receiving the UL grant. This would mean that we cannot prepare the full MAC SDUs before receiving the UL grant in DC split bearer case. However, there seem no big issues for the DL split bearer case because RLC PDUs can be distributed to each gNB well in advance before transmission according to the flow control.

Observation 2: There seem no big issues for the pre-processing in DC DL split bearer case.

In this contribution, we are focusing on DC UL split bearer case, which is much more controversial.
2.1  Hybrid solution
In Rel-12/13 DC discussion, the threshold-based UL split solution was one of many possible solutions and finally adopted in LTE DC split bearer due to its simplicity. In NR, this threshold based solution would be the baseline for UL split bearer operation because RAN2 agreed to introduce a threshold to decide if the UE should transmit on more than one link. 
Observation 3. LTE threshold based solution is the baseline for NR UL split bearer operation.
In non-split bearer(the single connectivity case), NR UE will process PDCP SDUs to MAC SDUs directly when they are received by the upper layer. However, in UL split bearer case, this operation requires PDCP to know to which cell group the PDCP SDUs would be transmitted before the UL grant is received. This prevents the pre-processing which is one of the key features for NR. However, it should be noted that this problem happens when both threshold-based solution and RLC concatenation are applied as in LTE. Without RLC concatenation, the sole LTE threshold-based solution enables the pre-processing up to threshold in one cell group before receiving UL grant, i.e. the pre-processing is possible if the amount of data is smaller than the configured threshold. However, the pre-processing cannot be performed if the amount of data is larger than the threshold since the PDCP don’t know to which cell group the PDCP SDUs would be transmitted before receiving UL grant.
Observation 4. LTE threshold based solution enables pre-processing only if the amount of data is smaller than the threshold.

As described above, LTE threshold based solution enables pre-processing only if the amount of data is smaller than the threshold and thus some enhancement would be required for the case that the amount of data is larger than the threshold, i.e. for high data rate scenario. 
In this contribution, we propose to take the hard-split based solution if the amount of data is larger than the threshold. The hard-split based solution lets UE know in advance what PDCP PDU will be transmitted to which cell group according to the pre-determined hard-split ratio, i.e. UE can previously distribute the PDCP PDUs in buffer to each cell group according to the hard-split ratio. The ratio would be signalled from the network, e.g. the MgNB can signal the ratio to UE for the UL split bearer case. We can see that this approach enables the pre-processing of RLC and MAC layer by pre-allocating the PDCP PDUs to each cell group before receiving the UL grant. This seems the only possible way to maximize the pre-processing gain for the UL split bearer operation. In the high data rate case, the pre-processing gain would be considerable.

By applying the hard-split based solution when above threshold and applying the threshold based solution when below threshold, the hybrid solution can work as shown in the following figure:
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Figure 1. Hybrid solution
As shown in Figure 1, the hybrid solution always enables pre-processing and the pre-processing gain can be maximized. 

Proposal 2. RAN2 in principle agree to take the hybrid solution in NR-NR DC and LTE-NR DC and work on the details during NR WI phase. 
One can argue that prematurely allocating RLC SNs in both cell group may cause performance degradation, i.e. it may not consider the actual grant per cell group including changing NW load and varying radio link. However, this can be resolved by UE implementation. One of the implementations is explained in another contribution [3]. 
The purpose of specification is to provide the guideline in order to promoting the development  for interoperability of different implementations. It should be noted that a solution could have different performance according to how to implement and a result of changing NW load, varying radio link, or other reasons. Hence, the performance aspects should be evaluated by test, i.e. it should be up to implementation. 
3 Conclusion

In this contribution, we provide our view on the pre-processing for DC UL split bearer and ask RAN2 to discuss the following proposals:
Proposal 1: The pre-processing should be supported in DC case and RAN2 should study how to enable it and maximize its gain.

Proposal 2. RAN2 in principle agree to take the hybrid solution in NR-NR DC and LTE-NR DC and work on the details during NR WI phase. 
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