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1. Introduction
During the RAN3 AH 1801 meeting, it was noted that the existing operation for EN-DC still leaves two issues to be considered [1]:

1)
The AMBR information provided over X2AP to the SgNB cannot be used for UL control, if the SgNB is split into CU and DU.

2)
The inherent feature of EN-DC, i.e. operation over two different RATs, may lead to the need of dynamic balancing between the MCG and SCG parts of the connection. Having fixed threshold for each RAN node limits the possibility for effective usage of full AMBR.
The issue was reopened in RAN3#99bis, and a summary of options was provided in [3]. The approach discussed at length in [2] is very close to solution A2 in [3]. Further discussion and details are provided in this document.
2. Brief discussion of the issues
We briefly recap (with minor changes) some of the observations in [1] as they seem to be useful background:

Observation 1: The problem caused by CU/DU split is not fundamental, and could be solved (although with some inefficiency) by simply passing a limit AMBR to the DU over F1; in any case this inefficiency should not exist in EN-DC (single DU operation).
Observation 2: A solution based on monitoring and enforcing at PDCP layer is anyway incomplete as it only deals with limit fragmentation due to multiple DUs, and not with the fragmentation between master and secondary host entities.

Observation 3: The lack of continuous inter-RAT balancing is not a new problem, and a degree of balancing can be achieved by adjustment of the secondary’s UE-AMBR (for both DL and UL).
Observation 4: A solution based on monitoring at PDCP layer and enforcing at DU works well in terms of monitoring uplink traffic, but is unable to limit only traffic corresponding to bearers of a particular PDCP entity in a DU in general.

These observations are still valid although the solution terminology has now changed.
Solution A1 (existing with F1 signalling) has the problem that it might result in heavy fragmentation of the UE-AMBR limit; and that the MeNB will have no visibility of the need to change the limits.

Solution A2 provides feedback (e.g. based on local thresholds), allowing a CU to re-apportion limits over F1, or potentially to change limits across X2 (MeNB) if feedback is provided on X2 as well.
Solution B1 (PDCP level monitoring and throttling) is connected to observation 3, i.e., it cannot anyway fix the issue of inter-RAT balancing, as each PDCP entity can only see the status of the traffic for its bearers. In addition, the relationship between throttling at PDCP layer and air interface bit rate limitation may be quite indirect. However, it has the virtue of being quite simple.

Solution B2 (PDCP level monitoring, enforcement at scheduler) is linked to observation 4, i.e. it cannot limit traffic only for the bearers that are causing the problem. On the other hand, this solution does mention exchange between MN and SN (quota limit reached and/or throughput information; or
UL / DL “consumed” throughput information), which is similar to option A2 to address inter-RAT coordination.
Once all these aspects are considered, solution A2 seems to be the most appropriate. The closest alternative would be solution B1 mainly because of its simplicity, but it is clear that this does not fully solve the set of problems.

Proposal 1: Focus on solution A1.
4. Further discussion of solution A1
In the below, we consider only the “event triggered” version of this solution, for simplicity. Also for simplicity, we can assume that hysteresis as discussed in [2] can be set by the local implementation and does not need to be signalled. The components of this solution are as follows:

· UE-AMBR Configuration
· CU signals UE-AMBR portion to each DU, as part of UE context

· UE-AMBR Reporting
· DU reports UE-AMBR overflow when traffic is higher than allowed, and “no overflow” when the traffic returns to below the limit after an overflow event
· UE-AMBR adjustment
· CU can change UE-AMBR via context modification e.g. to change the balance if possible between DUs

As a result, the requirements for F1 signalling would be:

· UE context over F1 to include UE-AMBR (portion) 

· New procedure (class 2, DU to CU) – e.g. UE Traffic Report, with status (“overflow”, “normal”)
Proposal 2: Consider stage 3 changes in F1 as follows: (1) UE context in DU to include UE-AMBR (portion), and (2) a new procedure (class 2, DU to CU) – e.g. UE Traffic Report, with status (“overflow”, “normal”).
The same principle can be applied to X2 (and later Xn) for inter-RAT balancing. Here the basic signalling already exists, so the requirement for X2 signalling would just be 
· New procedure (class 2, SgNB to MeNB) – e.g. UE Traffic Report, with status (“overflow”, “normal”)

Proposal 3: Consider stage 3 changes in X2 as follows: a new procedure (class 2, SgNB to MeNB) – e.g. UE Traffic Report, with status (“overflow”, “normal”).
Stage 2 and stage 3 CRs for these proposals are provided in [4], [5] and [6].
5. Conclusions
This paper has re-visited the issue of providing a reasonable control of UL UE-AMBR for the CU/DU case. Although it is believed that there is a very simple solution – simply pass a UE-AMBR portion for each DU – the paper has explored further optimizations, and proposes incremental changes on top of the UE-AMBR signalling – which may also be applied to X2/Xn.

Below is a compilation of the observations and proposals:
Proposal 1: Focus on solution A1.
Proposal 2: Consider stage 3 changes in F1 as follows: (1) UE context in DU to include UE-AMBR (portion) and reporting hysteresis, and (2) a new procedure (class 2, DU to CU) – e.g. UE Traffic Report, with status (“overflow”, “normal”).

Proposal 3: Consider stage 3 changes in X2 as follows: (1) UE context in SgNB to include UE-AMBR reporting hysteresis, and (2) a new procedure (class 2, SgNB to MeNB) – e.g. UE Traffic Report, with status (“overflow”, “normal”).
6. References

[1]

R3-180526, “Way forward for the UE-AMBR for EN-DC”, Nokia et al, RAN3 NR AH 1801, Sophia Antipolis, January 2018.
[2]
R3-182369, “UE-AMBR enforcement”, Qualcomm Incorporated, RAN3#99bis, Sanya, April 2018.

[3] R3-181925, “Problem statement for the AMBR in EN-DC”, Nokia et al, RAN3#99bis, Sanya, April 2018.

[4] R3-183100, “Handling of Uplink UE-AMBR”, Qualcomm Incorporated, RAN3#100, Busan, May 2018.
[5] R3-183101, “Introduction of UE-AMBR feedback in X2”, Qualcomm Incorporated, RAN3#100, Busan, May 2018

[6] R3-183102, “(TP for EN-DC BL CR for TS 38.473) Introduction of Uplink UE-AMBR control in F1”, Qualcomm Incorporated, RAN3#100, Busan, May 2018
3GPP


