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1
Introduction
At the RAN3#83 meeting, the following agreement was made on UE-AMBR enforcement [1].

6. There is no need for any further EPC assistance information for UE-AMBR. The UE-AMBR control is kept in E-UTRAN. Information is needed to be exchanged over X2 for U-plane option 1A. It is FFS for u-plane option 3C whether information is needed to be exchanged over X2 taking the UL scheduling point of view into account.

This contribution proposes to introduce UE-AMBR enforcement and further considers exchange of UE throughput history information between SeNB and MeNB as an additional mechanism to enhance the packet scheduler performance in case of split bearers. A TP regarding UE-AMBR enforcement to the baseline CR [2] is also provided in Section 3 for approval.
2
Discussion
2.1
UL Rate Enforcement Based on UE-AMBR
So far, there have been no issues with UE-AMBR enforcement because even in Carrier Aggregation, the scheduling has been concentrated in one eNB only. For dual connectivity, this is no longer the case.
Normally, the eNB scheduler ensures the UL AMBR enforcement by not scheduling the UE if the UL data rate would start to grow too large. In dual connectivity, the MeNB would be the obvious candidate to enforce this, but it is not possible without modifications since the MeNB may not be aware of the SeNB scheduling. 

A straightforward option would be that MeNB indicates a strict limit to SeNB UL scheduled data rate which should be applicable to both SCG and split bearers. Normally the AMBR enforcement does not need to be done very dynamically.
Observation 1: UL AMBR enforcement can be done by signalling UL Maximum Data Rate Limit from MeNB to SeNB by X2-AP message and is applicable to both SCG and split bearers.

2.2
DL Rate Enforcement Based on UE-AMBR
For DL AMBR enforcement, we note that a similar approach as pointed out for UL AMBR seems feasible. By MeNB enforcing the SeNB DL AMBR limitation, the SeNB is able to adapt to the limits imposed by the MeNB for SCG bearers. For split bearers the MeNB has control of the data forwarded to the SeNB for DL transmission, therefore in principle the indication is not required. In this case the MeNB can decide not to signal any DL maximum data rate limitation to the SeNB.
Observation 2: DL AMBR enforcement can be done by signalling DL Maximum Data Rate Limit from MeNB to SeNB by X2-AP message and is in general applicable to both SCG and split bearers. However, in case of split bearers in DL the MeNB can also decide not to signal any Maximum Data Rate Limit to the SeNB.
2.3
Scheduling Coordination by throughput history information
Besides signalling maximum data rate limitations to support UE-AMBR enforcement, exchange of UE throughput history information between SeNB and MeNB can improve the packet scheduler performance in presence of split bearers, and consequently enhance the user throughput experience. Figure 1 shows the user throughput performance with different packet schedulers in case of split bearers: 
· Scheduling without exchange of history throughput information: The MeNB and SeNB schedulers do not exchange UE/bearer throughput history information. Therefore the MeNB (SeNB) scheduler is not aware of the throughput being scheduled by the SeNB (MeNB) for one specific UE/split bearer.
· Scheduling with exchange of history throughput information: The MeNB and the SeNB schedulers periodically exchange throughput history information. In this case the MeNB (SeNB) scheduler is aware of the throughput being scheduled by the SeNB (MeNB) for one specific UE/split bearer and can take this information into account when allocating resources to the corresponding UE.
In the simulations, a dual connectivity ratio of approximately 90% is assumed. X2 latency is 20 ms, and MeNB and SeNB exchange UE throughput history information every 50 ms.
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Figure 1: UE throughput performance with different packet schedulers

As shown in the results, exchange of UE throughput history information between SeNB and MeNB improves the UE throughput performance, especially for the 5%-ile user throughput.
Observation 3: Exchanging UE throughput history information between SeNB and MeNB for split bearers can significantly improve the experienced user throughput.
As discussed in Observation 1 and Observation 2, the UE-AMBR enforcement can be done by the MeNB indicating to the SeNB the data rate limitation in DL and UL. The signalled limitation should be applicable to both SCG and split bearers. 
Proposal 1: RAN3 to agree that UE-AMBR enforcement can be done by MeNB indicating to SeNB about the maximum data rate limit in DL and UL. When signalled those limits should be applied to both SCG and split bearers.
Proposal 2: RAN3 to agree on the proposed TP to baseline CR [2]
In addition, we have shown that knowing the history throughput information across eNBs involved in dual connectivity can improve the schedulers’ performance in presence of split bearers. It is therefore proposed that RAN3 further studies whether signalling of UE throughput history information between MeNB and SeNB for split bearers is needed to achieve the user throughput enhancements shown in figure 1.
Proposal 3: It is FFS whether exchange of history throughput information between MeNB and SeNB for split bearers is needed in order to provide the user throughput enhancements shown in this contribution.
3

Text Proposal
Beginning of Text Proposal
20.2.2
X2-CP Procedures

The elementary procedures supported by the X2AP protocol are listed in Table 8.1-1 and Table 8.1-2 of TS 36.423 [42].
Editor’s note:
add RAN3 description such as new X2-AP messages for Dual Connectivity.
20.2
Control Plane

20.2.2.x
Maximum Data Rate Limit Indication procedure

The purpose of the Maximum Data Rate Limit Indication procedure is to ensure UE-AMBR enforcement in dual connectivity. MeNB indicates SeNB about the strict limit by the maximum UL and DL scheduled data rate for the UE. SeNB ensures not to allocate more UL and DL resources exceeding the data rate limit indicated by MeNB. MeNB may not indicate the limit of DL data rate if only split bearers are configured in the SCG.
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Figure 20.2.2.x-1: Maximum Data Rate Limit Indication procedure
End of Text Proposal
4
Conclusion
We have discussed the UE-AMBR enforcement and UE throughput history information exchange and made the following observations and proposals:

Observation 1: UL AMBR enforcement can be done by signalling UL Maximum Data Rate Limit from MeNB to SeNB by X2-AP message and is applicable to both SCG and split bearers.

Observation 2: DL AMBR enforcement can be done by signalling DL Maximum Data Rate Limit from MeNB to SeNB by X2-AP message and is in general applicable to both SCG and split bearers. However, in case of split bearers in DL the MeNB can also decide not to signal any Maximum Data Rate Limit to the SeNB.
Observation 3: Exchanging UE throughput history information between SeNB and MeNB for split bearers can significantly improve the experienced user throughput.
Proposal 1: RAN3 to agree that UE-AMBR enforcement can be done by MeNB indicating to SeNB about the maximum data rate limit in DL and UL. When signalled those limits should be applied to both SCG and split bearers.
Proposal 2: RAN3 to agree on the proposed TP to baseline CR [2]
Proposal 3: It is FFS whether exchange of history throughput information between MeNB and SeNB for split bearers is needed in order to provide the user throughput enhancements shown in this contribution.
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