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1
Introduction
The objectives of the Dual Connectivity WI [1] are:

The work item aims at specifying Dual Connectivity operation, where a given multiple Rx/Tx UE in RRC_CONNECTED is configured to utilise radio resources provided by two distinct schedulers, located in Master and Secondary eNBs. Taking the conclusions of the Study Item (36.842) as starting point, the work item should fulfil the following objectives:
-
Introduce functions and procedures to realise C-plane and U-plane protocol and architectures supporting alternatives 1A and 3C.

-
Signalling and protocol support for dual connectivity will first focus on reconfigurations involving either 1A or 3C, and reconfigurations involving both 1A and 3C will only be later considered if requiring minimal additions.

-
Introduce functions and procedures on the S1and X2 interfaces.
-
Identify and introduce physical layer functionalities required for the operation of Dual Connectivity.
-
After PUCCH mechanisms are enhanced for dual connectivity, extending those enhancements to Carrier Aggregation to enable PUCCH transmission on SCell(s) for uplink Carrier Aggregation capable UEs could be considered if requiring minimal additional work.
-
Specify corresponding UE and eNB core requirements.
SA2 has also discussed the dual connectivity issues and has sent an LS [2] to RAN3 with the following questions:
SA2 requests RAN2 and RAN3 to take the above information into account. SA2 would like to ask RAN2 and RAN3 to consider and provide feedback to the below questions as related with potential SA2 work:


Is any extra information from the CN needed to let RAN make the dual connectivity decision?

Does the dual connectivity feature support LIPA/SIPTO@local network in Rel-12? 

Does the dual connectivity feature support CSG for Rel-12?


Does the UE_AMBR enforcement in RAN need extra CN assistance or can it remain transparent to CN?  Would RAN WGs need assistance from relevant CT WGs or SA2 for solving that issue?

SA2 requests RAN3 to look into the Location Information Reporting in the context of RAN features where radio resources for a specific UE span more than a single cell in future release. 
In this contribution, we consider the UE AMBR enforcement question asked by SA2.
2
UE AMBR Enforcement for Dual Connectivity
The dual connectivity architecture alternative 1A is depicted in the Figure 1.
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Figure 1. Dual Connectivity Architecture Option 1A

The option 1A entails a UE being simultaneously served by two eNBs, with each eNB serving their own separate EPS bearers of the UE, such that the nearest network-side aggregation point for all the EPS bearers of the UE is the Serving gateway i.e. outside E-UTRAN.

The dual connectivity architecture alternative 3C is depicted in the Figure 2.
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Figure 2. Dual Connectivity Architecture Option 3C

The option 3C entails all S1-U data being aggregated at the MeNB, so that the nearest network-side aggregation point for all the EPS bearers of the UE is the MeNB.
Currently, TS 23.401 [3] lists the following functions for E-UTRAN:
-
UL bearer level rate enforcement based on UE-AMBR and MBR via means of uplink scheduling
(e.g. by limiting the amount of UL resources granted per UE over time);

-
DL bearer level rate enforcement based on UE-AMBR;

where UE-AMBR is defined by the same TS as follows:
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.
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:

· With the option 1A, an evident problem arises with the rate enforcement of UE-AMBR, since all the EPS bearers of the UE are no longer served by a single eNB, as until now, and thus the knowledge of the aggregate data rate scheduled to a UE is no longer co-located. This applies for both uplink and downlink traffic.
· With the option 3C, the MeNB can be in control of the UE AMBR enforcement, but would still need to be coordinated with the scheduling choices done in the SeNB to avoid SeNB scheduling decisions limiting the decisions done in MeNB. This applies for both uplink and downlink traffic.
We discuss the UL and DL AMBR enforcement separately in the following sections.

2.1
UL Rate Enforcement Based on UE-AMBR
Normally, the eNB scheduling ensures the UL AMBR enforcement by not scheduling the UE if the UL datarate 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: As explained above, the MeNB may not be aware of the SeNB scheduling. 

A straightforward option would be for MeNB to indicate strict limit to SeNB UL scheduled data rate, even though this seems rather inflexible option. However, normally the AMBR enforcement does not need to be done very dynamically, it could be sufficient to merely indicate the MeNB throughput history (i.e. the MeNB experienced total aggregated throughput over a time period) and let SeNB ensure that it does not allocate more UL resources than MeNB has been allocating. This would also allow the MeNB to throttle the SeNB data rate in case the MeNB desires to schedule more UL traffic.
Observation 1: Signalling UL aggregated throughput history information of UE scheduling requires limited X2 bandwidth and allows for UL AMBR enforcement.

Observation 2: The above approach it works for both 1A and 3C architecture.

2.2
DL Rate Enforcement Based on UE-AMBR
For DL AMBR enforcement, we note that the similar approach as pointed out for UL AMBR seems feasible: By exchanging also the DL aggregated throughput information, the SeNB is able to adapt to the limits imposed by the MeNB, even if architecture 1A is being used.

In principle, the UE DL AMBR enforcement could also be done at S-GW, since that is the aggregation point of the DL traffic for architecture 1A and 3C. This would, however, require changes to SA2 specifications and require S-GW updates to use dual connectivity, which could limit the usefulness of dual connectivity.

Observation 3: Signalling UL aggregated throughput history information of UE scheduling requires limited X2 bandwidth and allows for DL AMBR enforcement.
Observation 4: The DL UE AMBR enforcement point could also be moved to S-GW, but this would impact the CN and require S-GW to be updated to be able to utilize dual connectivity.
Based on observation 4, we conclude that it would be good to retain the UE AMBR enforcement at RAN level. We also note that signaling is needed for AMBR enforcement with 1A, but also with 3C network could benefit from it (and therefore use should not be restricted to 1A).
2.3
Way forward with UE-AMBR
To avoid impacts to CN, we propose to do the UE AMBR enforcement in the RAN network. 

Proposal 1: Both DL and UL rate enforcement based on UE AMBR is done in RAN.

Doing the AMBR enforcement in RAN requires that both MeNB and SeNB enforce the AMBR. 

Proposal 2: MeNB signals the UE AMBR parameters to SeNB via X2.

Proposal 3: SeNB does bearer-level rate enforcement based on the UE AMBR information from MeNB.

To allow the MeNB and SeNB to do this, the MeNB and SeNB exchange aggregated throughput history information via X2. The information exchange over X2 should be bidirectional, i.e. both SeNB and MeNB are able to indicate the information to each other. The details of information exchange should be specified during stage 3 discussion.
Proposal 4: The exchange of the Signalling UL and DL aggregated throughput history information between MeNB and SeNB is required.

We have drafted an LS draft to SA2 based on the above proposals in draft [4].

Proposal 5: Send LS reply to SA2 indicating that UE AMBR enforcement can be retained in RAN. 
3
Conclusion
We have discussed the UE AMBR enforcement and made the following observations:

Observation 1: Signalling UL aggregated throughput history information of UE scheduling requires limited X2 bandwidth and allows for UL AMBR enforcement.

Observation 2: The above approach it works for both 1A and 3C architecture.

Observation 3: Signalling UL aggregated throughput history information of UE scheduling requires limited X2 bandwidth and allows for DL AMBR enforcement.

Observation 4: The DL UE AMBR enforcement point could also be moved to S-GW, but this would impact the CN and require S-GW to be updated to be able to utilize dual connectivity.

Based on these, we propose the following on UE AMBR enforcement in Dual Connectivity:
Proposal 1: Both DL and UL rate enforcement based on UE AMBR is done in RAN.

Proposal 2: MeNB signals the UE AMBR parameters to SeNB via X2.

Proposal 3: SeNB does bearer-level rate enforcement based on the UE AMBR information from MeNB.

Proposal 4: The exchange of the Signalling UL and DL aggregated throughput history information between MeNB and SeNB is required.

If these are agreed, we also propose to send an LS reply to SA2 indicating that with the approach proposed here, the UE AMBR enforcement can be retained in RAN without affecting the CN. We have provided a draft of the LS reply in [4].
Proposal 5: Send LS reply [4] to SA2 indicating that UE AMBR enforcement can be retained in RAN. 
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