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1 Introduction

In this contribution, UL scheduling related issues for dual connectivity are discussed. This area includes topics like triggering of the buffer status report, sending the scheduling request and finally reporting buffer status reports. We also discuss logical channel procedure after the UE receives the grant for uplink transmission.
In this contribution, we limit our discussion on three different types of user plane architectures, namely 1A/2A, 3C and 3D. However, the discussion can be applied to other architectures as well.
2 Discussion

2.1 Background
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Figure 1. UP architectures 1A/2A, 3C and 3D.
In Figure 1, some of the user plane architectures are drawn [1]. As we focus on L2 protocols, architectures 1A and 2A can be considered as similar. In the figures, it can be seen that there are three types of bearers:
1. Bearers defined over the radio interface of a single eNB. In architecture 1A/2A, the bearers can be mapped to either MeNB or SeNB whereas in architecture 3C/3D, these type of bearers can be mapped only to the MeNB. 

2. Bearers defined over the radio interface of multiple eNBs. The packets of these bearers can be sent over SeNB or MeNB. This is possible only in architectures 3C and 3D.
Let us call first type bearers as “eNB-specific bearers” and the second type of bearers “split bearers”.

Furthermore, it should be assumed that all RLC AM bearers are two-directional with respect to SeNB interface as UL is needed at least for RLC control information with all UP architectures except with architecture 3D. 
2.2 UL scheduling principles for dual connectivity
In LTE, the typical scheduling scheme for the UL is depicted in Figure 2. The date arrives to the empty UL buffer. The UE triggers a regular BSR for that data. As there are no UL resources available, the UE triggers D-SR over the PUCCH or SR over the RACH. When the eNB receives the SR, it schedules the UE with the initial grant. With the initial grant, the UE sends the BSR and also cancels the corresponding SR. After that the eNB can schedule the UE with more resources.
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Figure 2. Typical UL scheduling procedure in LTE.

When considering suitable procedures for BSRs and SRs with dual connectivity, it would be good to apply same principles, i.e., data triggers BSR which triggers SR etc.

2.2.1 UL scheduling with eNB-specific bearers
For the eNB-specific bearers, the goal is that all data of those bearers are transmitted and scheduled over one eNB, either MeNB or SeNB. It can be assumed that mapping of bearers to different eNBs is done with RRC.
Let us first consider BSR triggering and reporting. Currently BSRs are per logical channel group. It should be made sure that correct eNB receives the information of the buffered bytes for a certain bearer. By this way the UE can be scheduled in correct way. For this, following alternatives could be considered;  
1. Allocate bearers of different eNBs to different logical channel groups. 
2. In BSR triggering and reporting, the UE takes into account which bearers belong to which eNB

After triggering the BSR, SR is typically triggered. To make the correct eNB to be aware of incoming bits, SR should be send towards the eNB for which the BSR is relevant.
When the UE receives grant, then it should report the actual buffer status with it. To minimize the user plane delay, it is beneficial that the BSR ends up to the correct eNB. Thus, a new logic is needed to map the BSR MAC Control Element to the correct PHY grant provided by the given eNB.  In addition, when the UE receives a grant for data, then also usage of grant provided by a given eNB is limited to the bearers associated with this eNB. This is different as compared to intra-eNB CA, where it is up to UE implementation how the grants are used.  As said above, association between grants and bearers can be configured by RRC. 
Proposal 1 For eNB specific bearers, the UE should send SR and BSR only towards the eNB for which the corresponding bearer belongs to. 

2.2.2 UL scheduling with split bearers

The UL scheduling and buffer status reporting is more complex with split bearers. In this scenario, the first question is how BSRs and SRs are triggered and towards which node they are sent. After that one or two eNBs may schedule the UE with the UL grants. The second open question is when the UE has received a grant, how it maps data to the grant.
Starting with BSR triggering, the following alternatives could be considered:
1. All BSRs and SRs are triggered and sent towards all eNBs (relevant for split bearers) 

2. BSR and SR are triggered and sent towards one node only, for example MeNB 
3. BSR and SR is triggered and sent toward one or two nodes based on some predefined rules
The first option is simple. There it could be left to network implementation how to actually schedule the UE. However, the issue with this option is that the SeNB and MeNB would need to coordinate before they can schedule the UE if one wants to make sure that UE is scheduled over multiple cells with too many grants and resources are wasted. Coordination adds uplink user plane delay and thus impacts the performance of the system. 
In the second option, the double scheduling problem is avoided as only one eNB is responsible for handling BSRs and SRs. Even in this case, scheduling over the SeNB could be possible if buffer status information is forwarded from the MeNB to the SeNB. However, the limitation of this approach is that some packets that are needed in the SeNB are delayed as they need to forwarded over Xn (or alternatively, scheduling needs to be coordination). An example of data that is needed in SeNB is the RLC Status Report for the SeNB RLC entity in Architecture 3C. It would be more efficient to transmit those reports directly to the SeNB than forward the packet or BSR over the backhaul. 

In the third option, there are some predefined rules how BSRs and SRs are triggered and transmitted. For example, in architecture 3C, one rule could be that the BSR due to RLC Status Report and RLC retransmission is transmitted to the SeNB. By this way it can be made sure that the control information is received with the minimum delay. Rest of the bytes can be reported directly to the MeNB. Additional rule could be that when the UL buffer exceeds a given threshold, the BSRs are send to multiple eNBs. Otherwise they are only sent to the MeNB. 
Then when BSR is triggered, it is natural to send SR only for the node for which the BSR is relevant. Usage of grants could follow BSR reporting. E.g, if the BSR for the RLC Status report is send towards the SeNB, then also actual data should be send towards that eNB when the UE is scheduled with UL resources.  
Proposal 2 For split bearers in Architecture 3C, BSR and SR due to RLC Status reports and RLC retransmissions of the RLC entity in the SeNB should be sent towards SeNB. 
Proposal 3 RAN2 should discuss rules how to report new data such that efficient UL scheduling is achieved.
3 Conclusion

In this contribution, we have discussed UL scheduling and buffer status reporting and made the following proposals:

Proposal 4 For eNB specific bearers, the UE should send SR and BSR only towards the eNB for which the corresponding bearer belongs to.
Proposal 5 For split bearers in Architecture 3C, BSR and SR due to RLC Status reports and RLC retransmissions of the RLC entity in the SeNB should be sent towards SeNB. 

Proposal 6 RAN2 should discuss rules how to report new data such that efficient UL scheduling is achieved.
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