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Discussion and Decision
1      Introduction
In RAN2#81bis meeting, it was agreed that “Keeping the mobility anchor (S1-U and S1-MME) in the macro cell can save signalling overhead towards the CN (path switch) (at least for dual Rx/Tx UEs in scenario 2)”. In this contribution, we analyze the mobility anchor approach for UEs with single Rx/Tx capability.
2      Discussion
If the UE is not capable of CA, dual connectivity cannot be used. However, some operations from dual connectivity can be reused without CA operation in order to minimize UE context transfer and signaling to the CN.
As shown in Figure 1(b), for the UE located in a small cell, the small cell is configured as a serving cell and the macro cell is configured as the mobility anchor. This operation is similar to CoMP operation where only one cell is used as the serving cell and the other-cell is used for the data transmission/reception i.e. as a transmit point. The difference compared to CoMP operation is that the UE is served by one cell only i.e. the UE transmits/receives downlink/uplink channels from/to only one cell (either small cell or macro cell). In Figure 1(b) we show the case where the UE is served only by the small cell. That is why the macro cell is defined as a mobility anchor for the UE when the small cell is used as a serving cell. It is also possible that the mobility anchor and the serving cell are the same cell, e.g. if the UE is within macro cell coverage only, the macro cell can be the mobility anchor and the serving cell at the same time.   

Regarding UE context transfer, the mobility anchor maintains the UE context information regardless of whether the mobility anchor is used for data transmission or not. If the small cell is configured as a serving cell, the mobility anchor provides the UE context information. When the UE is moving back to the macro cell, the small cell does not need to send the UE context information back to the macro cell. 
As identified in [1], signaling to the CN is one challenge for small cell deployments. The main benefit of mobility anchor proposal is to reduce the signaling to the CN and to minimize context transfer. 

Similar to dual connectivity, the mobility anchor can keep information related to signalling to the CN as follows. 
· S1 bearer establishment: a new S1 bearer may or may not be established depending on the possible architecture as shown in Figure 1(b). The dotted line refers to the path for control plane, while the solid line refers to path for user plane. Similar to dual connectivity, both approach 1 (S1-U also terminates in SeNB) and approach 2 (S1-U terminates in MeNB) are possible to communicate between the small cell and S-GW. If the approach 2 is used, no new S1 bearer is needed between the small cell and the S-GW. Therefore, if the approach 2 is used, PATH SWITCH REQUEST to establish S1 bearer (part of the HO completion phase) is not required. 

· Security information: the mobility anchor can provide security information. There could be two approaches. The serving cell uses the same security key as the one used for the mobility anchor for integrity and ciphering. Alternatively, the mobility anchor can provide a new security key which can be used for ciphering and integrity for radio bearer(s) served in the small cell which is similar to handover. If the same security key is used, the serving cell may not need to send PATH SWITCH REQUEST for the update of security information to the MME. Otherwise, the small cell (or the mobility anchor) may need to report the update of security information to the MME. Similar to dual connectivity (as discussed in [3]), the feasibility should be further investigated during the SI.  

· UE location information: UE location information is determined by the mobility anchor, and hence the mobility anchor provides the UE location information to the CN. This approach can be supported without impact to the core network if the macro cell and small cell have the same TA. In small cell deployment, since macro cell and small cells are overlaid, it will likely be the same TA configured for macro cell and small cells. Therefore, if it is supported, it is not required to send PATH SWITCH REQUEST for the update of UE location if the serving cell has been changed but the mobility anchor has not been changed. However, it needs to be investigated if there is any issue to keep the UE location based on the mobility anchor regardless of whether a serving cell has changed especially in terms of charging.   
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Figure 1 : Example of keeping UE context information and mobility management in macro cell
User plane radio protocol split is similar as that in dual connectivity. The only difference is that macro cell does not handle any data bearers in the air interface. Since macro cell is handling the control plane, one possible radio protocol structure is shown in Figure 2 below. In this example, it is assumed that macro cell handles the PDCP layer, i.e. split is performed between PDCP and RLC.
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Figure 2 : Radio protocol structure for control plane
Mobility anchor solution can be used for all three scenarios. The benefit of mobility anchor is that UE context transfer and signaling to CN can be minimized. In addition, there are no changes at UE side. Considering that mobility anchor solution has much less standardization efforts compared with dual connectivity, it is proposed to study mobility anchor solution as well as dual connectivity as the enhancements to minimize UE context transfer and signaling to the CN.

3      Conclusion
In this contribution, we discuss the mobility anchor solution which maintains UE context information and information related to signaling to the CN, and propose the following:
Proposal 1: RAN2 to consider mobility anchor solution to minimize signaling to the CN and UE context transfer.

Furthermore, the following open issues need to be discussed to investigate whether it is feasible to minimize signalling if the macro cell is operated as a mobility anchor. 

· Whether data transmitting/receiving by the small cell is forwarded from/to S-GW or through the macro-cell using Xn interface. 
· Whether the UE location information can be managed based on the macro-cell only.   

We prepared a text proposal to capture mobility anchor solution into TR 36.842.
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7
Potential Solutions
This section describes the potential solutions to realise the design goal described in section 6. The quantified technology potential compared with the existing technologies up to Rel-11 is also shown.

7.1
Dual connectivity
…

7.2
Mobility anchor without dual connectivity (for scenario #1, #2, and #3)
Mobility anchor without dual connectivity is a potential solution to reduce signaling load to CN. As shown in Figure 7.2-1, for the UE located in a small cell, the small cell is configured as a serving cell and the macro cell is configured as the mobility anchor. The UE is served by one cell only i.e. the UE transmits/receives downlink/uplink channels from/to only one cell (either small cell or macro cell). It is also possible that the mobility anchor and the serving cell are the same cell, e.g. if the UE is within macro cell coverage only, the macro cell can be the mobility anchor and the serving cell at the same time. In Figure 7.2-1, approach 1 denotes that S1-U also terminates in SeNB, and approach 2 denotes that S1-U terminates in MeNB.
Regarding UE context transfer, the mobility anchor maintains the UE context information regardless of whether the mobility anchor is used for data transmission or not. If the small cell is configured as a serving cell, the mobility anchor provides the UE context information. When the UE is moving back to the macro cell, the small cell does not need to send the UE context information back to the macro cell.
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Figure 7.2-1: Mobility anchor solution
7.2.1

Analysis of technology potential
Information related to signalling to the CN mainly consists of: 
· S1 bearer establishment: a new S1 bearer may or may not be established depending on the possible architecture as shown in Figure 7.2-1. If the approach 2 is used, no new S1 bearer is needed between the small cell and the S-GW, which means that PATH SWITCH REQUEST to establish S1 bearer (part of the HO completion phase) is not required. 

· Security information: the mobility anchor can provide security information, therefore the related signaling to CN is not needed.  

· UE location information: UE location information is determined by the mobility anchor, and hence the mobility anchor provides the UE location information to the CN. This approach can be supported without impact to the core network if the macro cell and small cell have the same TA, which is typically the case since macro cell and small cells are overlaid.  

Therefore mobility anchor solution can minimize the signaling to the CN.
End of Text Proposal
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