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1 Introduction

For the operation of dual connectivity in LTE, the approved WI introduces two user plane architectures: 1A and 3C. This document discusses architecture1A introduced impact to S1/X2 interface. 
2 Discussion

2.1 1A architecture
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Figure 1: User plane architecture 1A

Figure 1 shows the user plane 1A. In 1A, some or all of the S1-U tunnels terminate in SeNB. There is no bearer split across MeNB and SeNB for the same bearer. 

2.2 S1/X Impact Analysis
1) Add/Modify Scell in SeNB
During the addition, release and modification of SeNB resources, the MeNB need to notify the MME the new DL-TEID allocated by SeNB. The procedure is similar as the X2-based Handover but re-use the existing PATH SWITCH REQUEST would be problematic because only to be switched bearer will be included in this message. If not all E-RAB previously in the UE Context are included, the MME shall consider the non included E-RABs as implicitly released by the eNB.
In order to avoid MME wrong behavior, we need small enhancement to exsting PATH SWITCH REQUEST message. All the E-RABs in the UE Context, including unchanged E-RABs, should be included in the PATH SWITCH REQUEST message. Particularly, there are two ways to achieve it. 
· Including unchanged bearer information in E-RAB To Be Switched in Downlink List IE. The MME can forward all bearers in the list to the SGW or filter the E-RAB with new DL transport address to the SGW. For the former option, the behaviour of SGW is no change but the SGW allocates new UL TEID for the unchanged E-RAB. It is also possible that the SGW perform filtering and only allocted new UL TEID for bearers with new DL TEID. For the latter option, the SGW assume E-RABs in the UE context but not included in the S11-Modify Bearer Qequest are unchanged.

· Introducing a new IE, e.g. E-RAB unchanged in Downlink list IE. In this IE, only the E-RAB Id is included. The The MME shall consider the E-RAB neither in E-RAB To Be Switched in Downlink List IE nor in E-RAB unchanged in Downlink list IE as implicitly released by the eNB. The MME send switched E-RAB and released E-RAB to the SGW. The SGW assume E-RAB in the UE context but not included in the S11-Modify Bearer Qequest unchanged.
On the other hand, the MME may need to know dual connectivity is configured by the MeNB. If the MME knows the dual connectivity is configured, the MME doesn’t allocate a new S1 association and new security context in the PATH SWITCH REQUEST ACK message if not necessary. If we use the first way, i.e. including unchanged bearer information in E-RAB To Be Switched in Downlink List IE, an explicit indicator may be needed to notify the MME dual connectivity is used. Then the MME set the same S1AP-UE-Id and same UE context. The first way also introduces more MME/SGW impact as discussed above, such as the MME or the SGW need to perform filtering to know which E-RAB has new DL-TEID. If we use the second way, the new added IE naturely indicates the dual connectivity is configured. 
Another alternative is to use a new S1-AP message to notify new DL address to the MME.  The new S1-AP message can avoid the uncessary bearer release. However we don’t need two messages achieving the same purpose in the same interface. So this alternative is not preferred.

Proposal-1: Introducing a new IE e.g. E-RAB unchanged in Downlink list to the PATH SWITCH REQUEST message.
2) UE-AMBR Enforment
The UE‑AMBR (Aggregate Maximum Bit Rate) limits the aggregate bit rate 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.
In case of dual connectivity, the MeNB and SeNB take participant in the data rate enforment. However currently the MME only notify one UE-AMBR to the MeNB, we need a new mechanism to limit the aggregate bit rate in SeNB. There are three methods can be considered.

· MME decide UE-AMBR for MeNB and SeNB. The sum of UE-AMBR-MeNB and UE-AMBR-SeNB can not exceed UE-AMBR.
· MeNB split the UE-AMBR sending from MME into two UE-AMBRs, one for MeNB and another for SeNB. The sum of UE-AMBR-MeNB and UE-AMBR-SeNB can not exceed UE-AMBR. 

· All the non-GBRs are setup in one eNB. This method can be applied to both 1A and 3C.
MME can decide the AMBR used in MeNB and SeNB. In the SeNB Addition procedure, the MME knows dual connectivity when the MME receives Path Swtich Request message. In the Path Swtich Response message, the MME set new UE-AMBR for MeNB and SeNB. Then the MeNB sends a new X2 message to SeNB carrying the UE-AMBR for SeNB. So this method has bigger impact in MME and X2 interface.
MeNB can split the UE-AMBR configured by MME into two UE-AMBRs. How to split is implement issue.If the bearers in eNB1 don’t carry any traffic, the other bearer established in eNB2 can not utilize the UE-AMBR-eNB1. So in some case No-GBR bearers can not utilize the entire UE-AMBR. MME spliting AMBR also have same shortcoming. 
The third method is easier to implement but also limit the implementation. 
We could combine method 2 and method 3. The MeNB can decide which method is applied and UE-AMBR used by SeNB.

Proposal-2: MeNB decide the UE-AMBR for SeNB and forwarding UE-AMBR via X2 interface.
3) SGW Relocation
When SeNB addition or modification, the MeNB sends the PATH SWTICH REQUEST message to the MME and the MME selects the same SGW as the MeNB is connected to. It is not allowed to select a different SGW for the SeNB. That is becasue the MME selects the SGW based on the UE location (TAI). From the MME point of view, the UE location is not changed when a new SeNB is added. The UE serving TAI is the Pcell TAI. So the same SGW will be selected obeying the SGW selection rule. The toynolgy deployment ensures the MeNB and SeNB connectes to the same SGW in most cases. If not, the MME can reject the PATH SWTICH REQUEST message. That means the MME need to be told the TAI of SeNB then make decision based on TAI of MeNB/SeNB. 
Proposal-3: The TAI of SeNB is reported to the MME when SeNB addition.
When the MeNB is handover to another MeNB, the MME can select another SGW as the target SGW. It is exact the currently mechanism. Don’t see any impact of dual connectivity.

Proposal-4:  Dual connectitivy don’t have impact to SGW relocation.
3 Conclusion & recommendation

This contribution discusses dual connectivity impact to S1/X2 interface. RAN3 is requested to conclude the following proposal:
Proposal-1: Introducing a new IE e.g. E-RAB unchanged in Downlink list to the PATH SWITCH REQUEST message.
Proposal-2: MeNB decide the UE-AMBR for SeNB and forwarding UE-AMBR via X2 interface.

Proposal-3: The TAI of SeNB is reported to the MME when SeNB addition.
Proposal-4: Dual connectitivy don’t have impact to SGW relocation.
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