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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]. However, it seems not entirely clear how the threshold based solution can work. In this contribution, we are trying to clarify it and analyse its relationship with the hard-split based solution.
2 Discussion
In LTE DC discussion, the threshold based solution was introduced and adopted for uplink split bearer operation. The PDCP procedure on uplink split bearer is as follows: the amount of buffered data below the split threshold is only indicated as available for transmission for BSR reporting to the prioritized cell group whereas the amount of buffered data is indicated to both cell groups when buffered data is above the split threshold. Hereafter, we call this as LTE threshold-based solution.  

It should be noted that the pre-processing is impossible only when both LTE threshold-based solution and RLC concatenation are applied as in LTE. Without RLC concatenation, as shown in Figure 1, the LTE threshold-based solution enables the pre-processing up to a threshold in prioritized cell group before receiving UL grant only if the amount of buffered data is smaller than the threshold. However, the pre-processing cannot be performed if the amount of buffered data is larger than or equal to the threshold because UE will report the same amount of buffered data to both cell groups and the whole buffered data would be allocated to each cell group after receiving UL grant.
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Figure 1. LTE threshold-based solution applied to NR
Observation 1. In LTE threshold-based solution, the pre-processing is possible for one cell group only when the amount of buffered data is smaller than the threshold, i.e. the pre-processing is very limited.
To enable the pre-processing further, LTE threshold-based solution could be modified as shown in Figure 2. Hereafter, we call this as NR threshold-based solution 1. In this solution, the procedure is the same as that of LTE threshold-based solution if the amount of buffered data is smaller than the threshold. In the case that the amount of buffered data is larger than or equal to the threshold, the data below threshold will be pre-processed for the prioritized cell group and the data above threshold will be splitted to each cell group after receiving UL grant, i.e. the pre-processing can be done even if the amount of buffered data is larger than or equal to the threshold. However, the pre-processing is still limited up to the threshold. In high data rate case, the pre-processing would be marginal.
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Figure 2. NR threshold-based solution 1
Observation 2. The NR threshold-based solution 1 is different from LTE threshold-based solution, i.e. LTE threshold based solution would not be the baseline for NR considering the pre-processing gain.
Observation 3. In NR threshold-based solution 1, the pre-processing is always possible regardless of threshold condition but the pre-processing is limited up to the threshold.
To enable the pre-processing further, NR threshold-based solution 1 could be modified again as shown in Figure 3. Hereafter, we call this as NR threshold-based solution 2. In this solution, the procedure is the same as that of LTE threshold-based solution if the amount of buffered data is smaller than the threshold. In the case that the amount of buffered data is larger than or equal to the threshold, the data below threshold will be pre-processed for the prioritized cell group and the data above threshold will be pre-processed for the non-prioritized cell group up to a certain size, e.g. the maximum UL grant size of non-prioritized cell group. However, the pre-processing is still limited. 
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Figure 3. NR threshold-based solution 2
Observation 4. The NR threshold-based solution 2 is different from LTE threshold-based solution, i.e. LTE threshold based solution would not be the baseline for NR considering the pre-processing gain.
Observation 5. In NR threshold-based solution 2, the pre-processing is always possible regardless of threshold condition but the pre-processing is still limited.
In [1], the hard-split based approach was described. This approach 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 need to note that the hard-split ratio means up to what extent the pre-processing should be done in both cell groups.

As described in [3], the hard-split based approach is very flexible, i.e. it can give a loose guideline for pre-processing in DC. Under this approach, the threshold based solution can be adopted. For instance, below the threshold, the data would be pre-processed to only one cell group and above the threshold, the data would be splitted and pre-processed to both cell groups according to hard-split ratio before receiving UL grant, which is very similar to NR threshold solution 2. In this example, the hard split ratio can be set as 100 to 0 for the prioritized cell group and non-prioritized cell group. This hard split ratio (100 to 0) means that it only allows pre-processing in one cell group, i.e. it is exactly the same as the NR threshold based solution 1. Moreover, its simple variation also becomes LTE threshold based solution, i.e. it is up to the rule for the case that the amount of buffered data is larger than or equal to the threshold 
Observation 6. The hard-split based solution can cover various threshold-based solutions by implementation.

In the email discussion [4], there was a big concern on the hard-split based solution about prematurely allocating RLC SNs in both cell group, 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 as follows:

· If the amount of data is larger than or equal to threshold, the UE pre-processes the data for both cell group according to the hard-split ratio(as a loose guideline). The pre-processing could include PDCP ciphering, PDCP header construction, PDCP SN allocation, RLC header construction, RLC SN allocation(according the to hard-split ratio).
· After receiving UL grant, the re-pre-processing(e.g. updating the pre-allocated SNs with new SNs)  can be done if the hard-split ratio does not reflect the actual grant well. It should be noted that the re-pre-processing would not be required if the hard-split ratio reflect the actual grant. 
As described in [5], this kind of UE implementation can be applied to LTE threshold-based solution to enable partial pre-processing. In this implementation [5], the LTE threshold-based solution performs virtual RLC SN assignments without any guideline, i.e. the re-pre-processing may be always required after receiving UL grant. Unlike this, the hard-split based solution has a benefit to utilize the loose guideline(i.e. hard-split ratio) configured by the network. Besides, it can maximize the pre-processing gain in both cell group whenever the hard-split ratio reflect the actual grant.
In the above, it is seen that the hard-split based solution can give a large degree of freedom to implementations.
Proposal 1. RAN2 should understand the flexibility of the hard-split based solution, which can cover various threshold-based solutions by implementation.

Based on the above, we propose that RAN2 in principle agree to take the hard-split based approach in NR-NR DC and LTE-NR DC and work on the details during NR WI phase.
Proposal 2. RAN2 in principle agree to take the hard-split based approach in NR-NR DC and LTE-NR DC and work on the details during NR WI phase. 
3 Conclusion

In this contribution, we provide our view on the threshold-based solution for UL split bearer and its relationship with the hard-split based solution and ask RAN2 to discuss the following proposals:
Proposal 1. RAN2 should understand the flexibility of the hard-split based solution, which can cover various threshold-based solutions by implementation.
Proposal 2. RAN2 in principle agree to take the hard-split based approach in NR-NR DC and LTE-NR DC and work on the details during NR WI phase. 
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