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1 Introduction
In RAN2 #89bis meeting, agreements relevant to UL bearer split are obtained as following:
· Separate buckets shall be used for UL split bearers.

· For a split bearer, go for double reporting + threshold

· If the PDCP data amount is above threshold, both MAC entities trigger BSRs.

· If the PDCP data amount is less than threshold, only one MAC entity triggers BSR.
In this contribution, we will look further into the configuration of separate buckets for LCP, the interworking of separate bucket LCP and double BSR reporting, and the impact on UL resource scheduling of double BSR reporting.
2 Discussion
2.1 Separate bucket configuration for UL split bearer
When a UL split bearer is added, each logical channel of the UL split bearer should be configured with a fraction of the original PBR. From signaling configuration point of view, there are two possible methods: 

· Option 1: the original PBR + the ratio of the original PBR for at least one logical channel;

· Option 2: the original PBR + the split PBR which is less than the original PBR for at least one logical channel.
The original PBR should be always configured, because it will be applied when the UL transmission is only performed toward one CG. 
With option 1, MeNB sends the original PBR and the ratio for one separate bucket (e.g., bucket for SCG) to the UE by RRC reconfiguration message. Then the UE can obtain the split PBR for each logical channel by the configured ratio × original PBR and  (1- the configured ratio) ×original PBR.  
With option 2, the UE can obtain the exact split PBR value for one logical channel from RRC reconfiguration message sent by MeNB. And further the UE gets another split PBR value by the difference between the original PBR and the configured split PBR.
In fact, there is no essential difference between option 1 and option 2. We propose RAN2 to discuss and decide one method to configure separate bucket for the split bearer.
Proposal 1: RAN2 should discuss and decide one method to configure separate bucket for the split bearer.
2.2 Interworking of separate bucket LCP and BSR reporting

After one split bearer is initially added, there will be UL data which waits for transmitting. The first issue is how and when the UE performs the separate bucket LCP procedure. 
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Figure 1: Interaction of separate bucket LCP and BSR reporting
As shown in figure 1, when UL data of the split bearer arrives, it is possible that the BSR relevant to the split bearer is not yet triggered / reported (named as stage1). Further, after BSR trigger condition is satisfied, the UE should perform the BSR reporting for the split bearer (stage2).  For both stage 1 and stage 2, we should look into how LCP procedure is to multiplex data of the split bearer. 
First, during stage2 phase, if the PDCP data amount of the split bearer is less than the threshold, only one MAC entity triggers BSR. Then the UE should perform the normal LCP procedure based on the original PBR. If the PDCP data amount of the split bearer is above the threshold, both MAC entities trigger BSRs. But before the next BSR relevant to the split bearer is reported, the PDCP data amount of the split bearer may be either above or below the threshold in each TTI. For example, the PDCP data amount may fall below the threshold before the next BSR is reported, thanks to the double grants from both MeNB and SeNB. Therefore one issue is how the UE should perform LCP procedure until the next BSR relevant to the split bearer is reported.  Two options can be considered:
· Option 1: the UE performs the LCP procedure based on the split PBR in each TTI until the next BSR relevant to the split bearer is reported, regardless of whether the actual PDCP data amount in each TTI is above the threshold or not. 

· Option 2: the UE performs the LCP procedure based on the PDCP data amount of each TTI. If the PDCP data amount is above one threshold in a TTI, the UE performs the LCP procedure based on the split PBR; otherwise the UE performs LCP procedure based on the original PBR.  

Compared with option 1 and option 2, the option1 is aligned with the BSR reporting and the scheduling strategy of the network, because generally the network allocates the UL resources according to the BSR reporting.  On the contrary, the option 2 is not aligned with the scheduling strategy of the network.
Proposal 2: For split bearer, if double BSRs are reported, the UE performs the LCP procedure based on split PBR in each TTI until the next BSR relevant to the split bearer is reported, regardless of whether the actual PDCP data amount in each TTI is above the threshold or not. 

Proposal 2bis: For split bearer, if only one BSR is reported, the UE performs the normal LCP procedure based on the original PBR on the corresponding CG in each TTI until the next BSR relevant to the split bearer is reported, regardless of whether the actual PDCP data amount in each TTI is above the threshold or not. 

Then for the stage 1 phase, there is no reported BSR for the split bearer when the new split bearer is added. Therefore, either the UE should perform LCP for the split bearer based on the split PBR until the BSR relevant to the split bearer is reported, or the UE should perform normal LCP procedure based on the original PBR on the pre-configured CG, until the BSR relevant to the split bearer is reported.  Here, we slightly prefer the later.
Proposal 3: After the split bearer is initially added, the UE should perform normal LCP procedure based on the original PBR on the pre-configured CG until the BSR relevant to the split bearer is reported.
2.3 Double BSR reporting

In last meeting, RAN2 has agreed to go for double reporting + threshold for a split bearer. But no further details were discussed. 
For double BSR reporting, if two MAC entities report all the available data to both MeNB and SeNB, it may  result in the double-allocation issue, unless there is cooperation between MeNB and SeNB. In last meeting, some companies assumed that double allocation only causes harmful effect at the end of data transmission. For a single UE, this may be true. However, over the whole network, when there are a large number of UEs with UL split bearer, over-allocation will mean serious unfairness in scheduling priority between UEs with and without double BSR reporting. For example, one UE with split bearer can attain more UL grants by double BSR reporting, and the UL grants can be applied to both split bearer and other bearers with higher logical channel priority. But for a UE without split bearer, it can only obtain resources from BSR to one eNB. The consequence is that it is difficult for network to maintain scheduling fairness, when certain UE with UL split bearer can perform double BSR. 
Observation 1: The double allocation will cause unfairness in scheduling priority between UEs with split bearer and UEs without split bearer.
On the other hand, the UL grants are utilized based on the logical channel priority of each bearer. Even if double resources are allocated for the split bearer, these resources cannot be always used for the split bearer transmission, in case there were other bearers with higher logical channel priority. Therefore, the UL throughput of split bearer may not always benefited from double allocation.

Observation 2: the double allocation will not necessarily increase the UL throughput of split bearer. 

Therefore, we think the over allocation should be avoided. In order to avoid the over allocation, the network can reduce the over allocation by cooperation between MeNB and SeNB. For example, MeNB sends the ratio of PBR or the split PBR information to the SeNB when the split bearer is added. And then the MeNB and the SeNB can avoid scheduling too many grants for split bearer based on the split PBR information when the double BSR is reported. But this solution requires that the network must know if the amount of PDCP data of a split bearer has exceeded the threshold and the UE has reported the double BSRs. Unless an LCG consists of only one split bearer, it is very difficult for MeNB/SeNB to know if the amount of PDCP data of a split bearer has exceeded the threshold and the separate bucket would be applied by UE in LCP process. Further, if each split bearer is allocated one separate LCG, the current LCG number needs to be extended. 
Besides the cooperation between MeNB and SeNB, another simple solution is the reported buffer size for each MAC entity can be determined by the following calculation, when the PDCP data amount is above threshold:

The main advantage of the solution is that it does not require any cooperation between MeNB and SeNB in X2 interface, and that there is no new specification impact on Uu signaling. In addition, the solution does not have any additional requirement on LCG allocation for split bearer. 
Proposal 4: when the PDCP data amount is above threshold, the reported buffer size in the BSR for each MAC entity should be calculated as follows:
Reported buffer size for a MAC entity = the total available PDCP data amount of the split bearer × the ratio of the corresponding split PBR compared to the original PBR. 

3 Conclusion
In this contribution, we further investigated the configuration of separate buckets for LCP, the interworking of separate bucket LCP and double BSR reporting, and the impact on UL resource scheduling of double BSR reporting.

Proposal 1: RAN2 should discuss and decide one method to configure separate bucket for each logical channel of the split bearer.
Proposal 2: For split bearer, if double BSRs are reported, the UE should perform the LCP procedure based on separate PBR in each TTI until the next BSR relevant to the split bearer is reported, regardless of whether the actual PDCP amount in each TTI is above the threshold or not. 

Proposal 2bis: For split bearer, if only one BSR is reported, the UE should perform the normal LCP procedure based on the original PBR on the corresponding CG in each TTI until the next BSR relevant to the split bearer is reported, regardless of whether the actual PDCP amount in each TTI is above the threshold or not. 

Proposal 3: After the new split bearer is added, the UE should perform normal LCP procedure based on the original PBR on the preconfigured CG until the BSR relevant to the split bearer is reported.
Observation 1: The double allocation will cause unfairness in scheduling priority between UEs with split bearer and UEs without split bearer.
Observation 2: The double allocation will not necessarily increase the UL throughput of split bearer. 
Proposal 4: when the PDCP data amount is above threshold, the reported buffer size in the BSR for each MAC entity should be calculated as follows:

Buffer size for a MAC entity = the total amount of PDCP data available of the split bearer × the ratio of the corresponding split PBR compared to the original PBR. 
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Reported buffer size for a MAC entity = the total available PDCP data amount of the split bearer × the ratio of the corresponding split PBR compared to the original PBR.
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