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1 Introduction

In the RAN2#85bis meeting it has been agreed that UL bearer split is not supported in Rel-12 in order to progress the Work Item. However still there is a split bearer (3C) in DC, e.g. for DL the data can be transmitted via SeNB and MeNB and in UL over one link only RLC status report is sent and over the other link PDCP data and RLC data. The logical channel prioritization procedure for such split bearers needs to be concluded. Basically two different approaches namely common bucket or separate bucket solution are still under discussion. This contribution discusses the details of the two solutions.  
2 Discussion

For U-Plane architecture 3C where an EPS bearer of the UE might be split across multiple eNBs, e.g. radio bearers are established between UE/MeNB and UE/SeNB for a given EPS bearer. Some exemplary Layer 2 structure for the uplink of a “split bearer” is shown in the figure below. 
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According to RAN2#85bis agreements the network configures via RRC for split bearers over which link, i.e. MCG or SCG, the UE transmits UL PDCP data. Furthermore the UE does not report PDCP data as available to the other eNB/CG. Essentially this decision means that UE is sending only RLC status reports to one eNB/CG, whereas PDCP data and RLC data is sent to the other eNB/CG.
The two different approaches for the LCP procedure for split bearers differ mainly in how to define the token bucket mechanism for the two radio bearers/logical channels of the “split bearer”. 

· Common bucket: the two logical channels associated to the split bearer share a common bucket in order to guarantee that UL grants/transmissions from/to both SeNB and MeNB are accounted for in LCP. The initialization and increment are only performed by one MAC entity to avoid erroneous reset at SCell addition and doubling the actual bit rate.
· Separate bucket: For each of the two logical channels associated to the split bearer, a bucket is configured with PBR and BSD correspondingly. The LCP procedures in MACMeNB and MACSenB can be run independently.
Common bucket scheme

The main advantage of the common bucket scheme is the fact that it is technically in line with the QoS concept in LTE, where QoS is controlled on an EPS bearer level rather than on a logical channel level. Since the two logical channels of the split bearer share the same common bucket, the QoS handling/configuration of the split bearer is exactly the same as in Rel-8. In the separate bucket approach, the QoS would be controlled independently per logical channel, i.e. PBR is configured for each of the two logical channels belonging to the split bearer. However it’s not so obvious how to share the PBR of the EPS bearer across the two logical channels in particular for the case that on one link only RLC status reports are sent. 

One potential concern of the common bucket scheme brought up during email discussion was the blocking/starvation of RLC status reports. The issue might arise when UE receives simultaneously uplink grants from both MeNB and SeNB and when UE is always first processing the uplink grant from one eNB. In such a scenario it might happen that all tokens are already used by the one link which is configured for transmission of PDCP data and hence a RLC status report which is waiting for transmission to the other eNB/CG cannot be transmitted due to the negative Bj value. 
However it should be noted that this problem can be easily avoided when UE is performing the first and second step of the LCP procedure for the split bearer jointly. More in particular when UE receives an uplink grant from both MeNB and SeNB simultaneously and the UE has also data available for uplink transmissions for both of the two logical channels belonging to the split bearer, the UE shall always first transmit the data of the logical channel which is configured for transmission of RLC status reports only. By this simple implementation rule the problem will immediately disappear. Other implementation options for the avoidance of this potential problem like mentioned in [1] can be also considered.
Separate bucket scheme
The main advertised benefit of this approach is that UE can run the LCP procedures independently in the two MAC entities in contrast to the common bucket scheme where some interactions between the two LCP procedures are necessary. For each logical channel which is belonging to the split bearer the UE applies the Rel-8 operation, i.e. bucket configured for PBR/BSD for each logical channel. 
However apart from the fact that UE has to implement two bucket models for a split bearer, the more relevant question is how the buckets are configured, more in particular how the PBR/BSD values are configured for the two logical channels. Following the Rel-8 QoS control concept the eNB would need to distribute the PBR associated to the EPS bearer across the two logical channels. 
Due to the RAN2#85bis agreements on UL bearer split only RLC status reports will be sent over one logical channel. The question is how the PBR will be configured for the logical channel which carries only RLC status reports, i.e. small data which is sent infrequently. Maybe one obvious solution would be that PBR would be configured to infinity, ensuring that the RLC status report can be always transmitted. On the other hand this would essentially mean that the combined PBR of the two logical channels for the split bearer is higher than the actual PBR associated to the bearer.    
In conclusion we believe that both approaches namely the common bucket and the separate bucket scheme will work. Since the common bucket scheme is in our view technically more in line with the Rel-8 QoS concept, i.e. controlling QoS on bearer level rather than on logical channel level, we have a slight preference for the common bucket scheme. 

Proposal1: RAN2 should discuss LCP procedure for a split bearer considering the details discussed in this contribution.
3 Conclusions

This contribution discussed the logical channel prioritization procedure for split bearers. It’s proposed to agree on the following:
Proposal1: RAN2 should discuss LCP procedure for a split bearer considering the details discussed in this contribution.
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