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1 Introduction

The LS [1] from SA2 provides in topic 8 feedback on enforcement of the indicated UE_AMBR within E-UTRAN during dual connectivity:

8)
SA2 understands that the UE_AMBR usage enforcement for both 3C and 1A is RAN functionality and requests RAN to further look into  this issue as there are two separate serving nodes (MeNB and SeNB) scheduling the user data simultaneously for a UE. SA2 would like to be informed if RAN addresses this issue in this release either with a pure RAN based approach or whether additional assistance from CT or SA WGs is needed for this issue.

There are 3 topics addressed within this statement:

First, it is obvious, as dual connectivity is based on independent RRM entities in the involved eNBs, that there is no single, central point that could ensure that the indicated UE_AMBR is not exceeded by the sum of the granted instantaneous bitrates within the MeNB and the SeNB.

Second, there is the question, whether assistance information would be needed from the EPC to guarantee respective UE_AMBR enforcement or not.
And third, it hints to the fact that we would need to look at the bearer options separately.

This paper gives a short introduction in the concept of UE_AMBR from a standards point of view, discusses the topics and proposes solutions.

2
Discussion
2.1
Per UE Aggregate Maximum Bitrate Definitions

There are three different definition regarding non-GBR bearers:

· Subscribed UE-AMBR
· Subscribed APN-AMBR
· Used UE-AMBR
Subscribed UE-AMBR : This is the maximum possible bit rate configured by the LTE operator for a particular LTE user for all of their best effort services. 
Subscribed APN-AMBR : This is the maximum possible bit rate configured by the LTE operator for a particular LTE user for all of their best effort services on one particular Packet Data Network (as defined by the APN). 
Used UE-AMBR is the calculated UE-AMBR value that will be used to define the current working value for UE-AMBR for the active LTE user.  In other words, this is the actual UE-AMBR value in effect for an active LTE user based on how many PDN connections (or APNs) they are actually using. 
It is calculated by summing together the Subscribed APN-AMBR values for all of the active PDN connections of the LTE user. The total value cannot exceed the Subscribed UE-AMBR value.  This value is recalculated each time the LTE user starts another service (connects to another APN) or disconnects from a service (the UE actually disconnects from the PDN; the LTE user closing an internet web browser window does not disconnect a connection to an APN). UE-AMBR = APN-AMBR1+APN-AMBR2+.....

All of the AMBR values each have separate uplink and downlink values that can be different to reflect the different bandwidth needs in both directions.

TS 23.401 § 4.7.3 describes bearer level QoS parameters (QCI, ARP, GBR and MBR) and QoS parameters which are applied to an aggregated set of EPS Bearers: APN‑AMBR and UE‑AMBR.
APN-AMBR and UE-AMBR are applicable for non-GBR bearers only. 

The P‑GW enforces the APN‑AMBR in downlink. Enforcement of APN‑AMBR in uplink is done in the UE and additionally in the P‑GW is relevant for 

APN-AMBR is not visible to the E-UTRAN, only the UE-AMBR is provided by the MME in various S1AP messages.

23.401 §4.7.3 contains the following statements which nicely give the reference to the statements above:

Each UE in state EMM-REGISTERED is associated with the following bearer aggregate level QoS parameter:

-
per UE Aggregate Maximum Bit Rate (UE-AMBR).

The UE‑AMBR is limited by a subscription parameter stored in the HSS. The MME shall set the UE‑AMBR to the sum of the APN‑AMBR of all active APNs up to the value of the subscribed UE‑AMBR. The UE‑AMBR limits the aggregate bit rate that can be expected to be provided across all Non‑GBR bearers of a UE (e.g. excess traffic may get discarded by a rate shaping function). Each of those Non‑GBR bearers could potentially utilize the entire UE‑AMBR, e.g. when the other Non‑GBR bearers do not carry any traffic. GBR bearers are outside the scope of UE AMBR. The E‑UTRAN enforces the UE‑AMBR in uplink and downlink.

2.2
How to guarantee enforcement of UE-AMBR in E-UTRAN during dual connectivity?
Allocation of the UE-AMBR share among MeNB and SeNB is shown in Figure 1:
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Figure 1: Allocation of UE-AMBR among MeNB and SeNB resources.
While a single UE-AMBR value is provided to the MeNB via S1-MME, the MeNB would need to split up this UE-AMBR and share it with the SeNB.

Three Possibilities for enforcement of UE-AMBR in E-UTRAN during dual connectivity can be discussed:

-
Possibility 1: Static allocation for the lifetime of DC resources.

As a starting assumption, the MeNB could allocate e.g. 50% of the UE-AMBR value for the SeNB to use and keep this allocation until SeNB resources are released. In cases where the user traffic is mainly provided by SeNB resources, this could get in-efficient, might be not satisfying for the user.

-
Possibility 2: Initial allocation like above, but possibility to change the UE-AMBR share: Mainly for the SeNB triggered modification, it could be investigated whether SeNB should be able to request a different share. In case of an additional SeNB resource allocation, the UE-AMBR share would need to be re-calculated within the E-UTRAN anyhow.

As described above, the reason to re-negotiate could be e.g. a permanent under-utilisation of SeNB resources, which prevent the MeNB to efficiently provide bearer services via its own resources. This is mainly expected to happen for the direct S1-U bearer option, as for the split bearer option, the MeNB should have a good view on SeNB resources usage.
-
Possibility 3: Constant feedback with rather dynamic re-allocation on a short time-scale:
While technically possible, we think that benefit of such a method should be first studied and if it would become necessary, its standardisation quite likely doesn’t fit into Release-12 time plans.
Observation 1:
There is a need to define a share of the UE-AMBR value among the MeNB and the SeNB, while the MeNB will be the coordinating entity.
Observation 2:
Signalling solution via X2 is conceivable, whereas for Release 12 simple schemes for basic allocation of the share and the possibility to modify the allocation should be envisaged.
2.3
Is there assistance information from EPC necessary to guarantee enforcement of UE-AMBR in E-UTRAN during dual connectivity?
Dual connectivity doesn’t change the C-Plane protocol architecture on S1, i.e. there is still a single C-plane entry point as seen from the MME, a single UE context in the E-UTRAN/MeNB with which the MME communicates.

Enforcement of bearer policies indicated but the EPC (should it be the guarantee of bitrates for GBR bearers or taking care that bitrate limits are not exceeded) should be sufficient information for the E-UTRAN to act accordingly.

We would therefore not see any need of additional information provided but the MME and respond accordingly to SA2. 
Observation 3:
No need for EPC assistance to decide on the share of UE-AMBR among the involved eNBs is necessary.
2.4
Are there differences between direct bearer and split bearer option for UE-AMBR enforcement?

In this section, differences for UE_AMBR enforcement in the E-UTRAN between the direct S1-U bearer option and split bearer option are discussed.
For the direct S1-U bearer option, the MeNB has no knowledge about the actual usage of user plane resources at the SeNB, where user plane traffic goes directly between the SGW and the SeNB. 
Re-allocation of the UE-AMBR share could become necessary (and would make sense) in the following scenarios:

1)
The UE-AMBR allocated at SeNB Addition/Modification is too low and the MeNB quite much under-utilises its own fraction, so the MeNB could on its own signal a higher value to the SeNB (independent from whether the SeNB utilises it or not)
2)
The UE-AMBR allocated for the SeNB is too high, the MeNB would have demand for a higher value but has no clue how the utilisation at the SeNB actually is. One simple solution could be to allow the the MeNB could trigger a modification of the UE-AMBR share, with the possibility for the SeNB to stay either at the previous share or follow the MeNB’s request.
Observation 4:
Explicit signalling of the UE-AMBR share is necessary for the direct bearer option. This shall be done via the signalling between MeNB and SeNB. Handling of non-optimum allocation of the UE-AMBR share might need further analysis of possible solutions.
For the split bearer option, the MeNB, hosting the common PDCP entity for the split bearer, should be quite well in the position to have knowledge on the actual traffic split and whether the share of UE-AMBR allocation reflects the actual usage.
Assuming that a flow control protocol is used between the MeNB and the SeNB, where the SeNB is in the position to request as much as possible in order to build up a queue of optimum length, the MeNB may decide to provide less data if the UE-AMBR value would be exceeded. 
So, from a technical point of view, signalling of the UE-AMBR share determined by the MeNB is not necessary for the split bearer option. From a common protocol design point of view for both bearer options it could be debated, however, it would require the MeNB  to support a unnecessary function.  

Observation 5:
It is assumed that for the split bearer option signalling the UE-AMBR to the SeNB is not necessary and handled within MeNB.

3
Summary and Proposal
This contribution discussed topic 8 in the LS from SA2 on UE-AMBR enforcement and made the following observations.

Observation 1:
There is a need to define a share of the UE-AMBR value among the MeNB and the SeNB, while the MeNB will be the coordinating entity.

Observation 2:
Signalling solution via X2 is conceivable, whereas for Release 12 simple schemes for basic allocation of the share and the possibility to modify the allocation should be envisage.
Observation 3:
No need for EPC assistance to decide on the share of UE-AMBR among the involved eNBs is necessary.
Observation 4:
Explicit signalling of the UE-AMBR share is necessary for the direct bearer option. This shall be done via the signalling between MeNB and SeNB. Handling of non-optimum allocation of the UE-AMBR share might need further analysis of possible solutions.
Observation 5:
It is assumed that for the split bearer option signalling the UE-AMBR to the SeNB is not necessary and handled within MeNB.

Implications for the parameterisation of the envisaged X2AP messages seem to be obvious. Stage 2 implications have to be further looked at.

We propose the following

Proposal 1: Reply to SA2 that there is no need for EPC assistance to decide on the share of UE-AMBR among the involved in dual connectivity.
Ad 8)
RAN3 has not identified any scenario where additional assistance from the EPC would be necessary for handling the UE_AMBR usage enforcement properly.
Proposal 2: Use the implications of the observations made in this paper for further stage 2 and stage 3 work
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