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1. Introduction

At the RAN2#83bis meeting, the RAN WG2 discussed uplink data radio bearer (DRB) splitting in inter-node User Plane (UP) aggregation, but a consensus was not reached at the meeting [1]. In this contribution, we discuss the problems and the need for uplink DRB splitting in consideration of the number of MAC entities in UE and present our view on the priority for the uplink DRB splitting discussions.
2. Discussion of problems and need for uplink DRB splitting
Generally, improvement to throughput is desirable not only for downlink DRB but also for uplink DRB in inter-node UP aggregation by using DRB splitting. In the case of uplink, however, some specification changes are necessary in order to support uplink DRB splitting, which would make UE behavior and eNB operations more complicated, especially in terms of buffer status reporting (BSR), multiplexing, and assembly using logical channel prioritization (LCP).
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Figure 1: UP architecture in UE adopting uplink DRB splitting

In Figure 1, the UP architecture in UE adopting uplink DRB splitting is shown for both a single MAC case and a dual MAC case. For a single MAC (see the left side of Figure 1), assuming that the existing specifications are followed as closely as possible, BSR equivalent to the volume of data split into the buffers would be transmitted to a Master eNB (MeNB) or a Secondary eNB (SeNB) because of the single MAC entity even if data from the bearer of the UE are split into separate buffers in the RLC layer. Then, the MeNB and the SeNB perform the uplink grant based on the received BSR. However, the MeNB and the SeNB are more likely to assign radio resources exceeding the volume of data to the UE because the MeNB and the SeNB cannot share instantaneous scheduling information with each other when we assume non-ideal backhaul links. Furthermore, because the number of MAC entities is one, the common multiplexing and assembly function would construct MAC packets toward both the MeNB and the SeNB based on the LCP mechanism in the order that the grants are received. This means that the arrival order of grants is one of the factors in determining the direction of data transmission, which might be undesirable in terms of quality of service (QoS) control.
On the other hand, in the case of a dual MAC (see the right side of Figure 1), the consideration is that the problems of a single MAC case could be avoided. For example, assuming that the existing specifications are followed as closely as possible, BSRs equivalent to the size of each separated buffer are transmitted to MeNB and SeNB, respectively. Therefore, MeNB and SeNB perform the uplink grant based on receipt of the respective BSR, which would not cause an inefficient radio resource assignment. Multiplexing and assembly using LCP work independently for grants from each of MeNB and SeNB because the two MAC entities can work independently. This behavior in the UE would be desirable in terms of QoS control. However, the problem of uplink DRB splitting in a dual MAC is flow control. Because the UE has difficulty estimating the uplink radio channel environment, it is difficult to carry out dynamic flow control depending on the environment. In addition, there might be demand for uplink traffic load control between MeNB and SeNB. However, the means to control dynamic flow control from the network side does not exist under the current specifications.

From these aspects, support for radio bearer splitting for not only downlink but also uplink would entail substantial discussion and specification changes, which is a concern due to the tight schedule in Rel-12. Also, from the aspect of traffic volume, the increase of traffic in DL is much more severe than in UL, and using radio bearer splitting to enhance uplink throughput is not so desirable.
Therefore, from the above discussion, the following is proposed:

 Proposal 1: In Rel-12, standardization of DRB splitting for downlink should be prioritized in consideration of the tight schedule. For uplink, standardization should be started without DRB splitting in the beginning, and then discussion on the specification for uplink DRB splitting should be started when sufficient need is recognized.

3. Conclusion

 In this contribution, we discussed the problems and the need for uplink DRB splitting and then considered the priority for uplink DRB splitting discussions.
Proposal 1: In Rel-12, standardization of DRB splitting for downlink should be prioritized in consideration of the tight schedule. For uplink, standardization should be started without DRB splitting in the beginning, and then discussion on the specification for uplink DRB splitting should be started when sufficient need is recognized.
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