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1      Introduction
In RAN#58 meeting, a Rel-12 study item on “Small Cell enhancements for E-UTRA and E-UTRAN – Higher-layer aspects” was approved [1]. The objective of this study is to identify potential enhancements in the protocol and architecture for small cell deployments and operation based on scenarios and requirements defined in TR 36.932 [2]. In particular, the following is included for mobility enhancements for small cell deployments.  

· Identify and evaluate the necessity of overall Radio Resource Management structure and mobility enhancements for small cell deployments:

· Mobility mechanisms for minimizing inter-node UE context transfer and signalling towards the core network.

In this contribution, we provide initial analysis on the current handover operation in Section 2. We continue in Section 3 with discussion on the possible enhancement areas to minimize inter-node UE context transfer and signalling to the CN when carrier aggregation is supported or not supported. 

2      Handover in LTE
In the current LTE system, when handover is occurred across eNBs within LTE system, all three phases (preparation, execution, and completion) of the handover procedure are supported over the X2 interface between the source cell and the target cell (X2-based handover) if such an interface exists and the MME has not been changed. Otherwise, the S1 interface is used (i.e. the S1-based handover). In this document, we focus on the X2-based handover as a starting point. 

Figure 1, copied from TS36.300 [3], shows the basic call flow using X2 interface when neither MME nor Serving Gateway changes. 
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Figure 1: Intra-MME/Serving Gateway handover [3]
During handover preparation in Figure 1, the source eNB sends HANDOVER REQUEST message to transfer UE context information. The UE context information includes X2 signalling context reference at source eNB, UE S1 EPC signalling context reference, target cell ID, KeNB*, RRC context including the C-RNTI of the UE in the source eNB, AS-configuration, E-RAB context and physical layer ID of the source cell + short MAC-I for possible RLF recovery. After handover is completed successfully, the target eNB sends UE CONTEXT RELEASE and the source eNB can release radio and control plane resources for the associated UE context. 

During handover completion in the Figure 1, the target eNB sends a PATH SWITCH REQUEST message to MME to inform that the UE has changed its serving cell. This message includes some information after the serving cell has changed: 

· DL S1 bearer information: It includes DL GTP tunnel termination point information of E-RAB to establish S1 bearer between target eNB and S-GW. In order to send/receive data directly from the S-GW to the target eNB, S1 bearer should be established.
· UE location information: it contains EUTRAN CGI and TAI which are forwarded to S-GW/PDN-GW, if the PDN GW requested UE's location information. This information can be used for charging [4].

· Security related information: the target eNB shall send the UE EPS security capabilities received from the source eNB to the MME. The MME shall verify that the UE EPS security capabilities received from the eNB are the same as the UE EPS security capabilities that the MME has stored [5]. If there is a mismatch, the MME may log the event and may take additional measures, such as raising an alarm.

In small cell deployments, the UE may be handed-over to a small cell to utilize data offloading. However, given the local coverage of the small cell and UE’s mobility, it is likely that the UE connects back to the macro cell or to other small cells frequently. In this case, it is expected that the UE may experience more frequent handovers between macro cell and small cells or between small cells compared to homogeneous network deployments. Furthermore, the frequent handover results in frequent UE context transfer and large overhead in signalling to the CN. Therefore, as mentioned in the SID, it is required to enhance the mobility mechanism to avoid such frequent handovers or UE context transfer and signalling overhead. 
3      Possible enhancements

As one way to minimize UE context transfer and signaling overhead, it has been proposed to keep UE context information and CN signaling related information in the macro cell. This approach can be considered in two cases, where carrier aggregation can be supported or cannot be supported. Carrier aggregation cannot be supported if the macro cell and small cell are deployed in the same frequency or if the UE is not capable of carrier aggregation. 

3.1     Case1: when carrier aggregation is supported
As shown in Figure 2(a), for the UE located in the coverage of both the macro cell and small cell, the macro cell is configured as the PCell and a small cell is configured as an SCell. This case is the same as Rel-10 CA except that here the PCell and SCell are located in the different eNBs. Therefore, it is also called and considered as an inter-eNB CA.    
Regarding UE context transfer, the PCell keeps UE context information and shares the relevant UE context information when the small cell is added as a SCell. Therefore, when the small cell is released or removed as SCell, there is no need for the small cell to send UE context back to the macro cell.   
In inter-eNB CA, the PCell keeps the information related to signaling to the CN as follows.

· S1 bearer establishment: a new S1 bearer may or may not be established depending on the possible adopted architecture and point of data anchoring in the user plane as shown in Figure 2(a). The dotted line refers to the path for control plane, while the solid line refers to path for user plane. The approach 1 (S1 based, shown with blue line), where anchoring is at the S-GW, introduces a new S1 bearer between small cell and MME/S-GW. In this case, either small cell or macro cell needs to send message (PATH SWITCH REQUEST) to the MME in order to establish the new S1 bearer from the small cell to the MME/S-GW. The approach 2 (X2 based, shown with red line), where anchoring is handled by macro cell, uses X2 interface to forward the data from/to the MME/S-GW to/from the small cell. In this case no new S1 bearer is needed between the small cell and the MME/S-GW. Therefore, if the approach 2 is used, an S1message to establish S1 bearer (part of the HO completion phase) is not required. Impact to X2 interface should be further investigated in terms of capacity and delay because X2 approach requires high backhaul capacity to forward all data from the small cell to MME/S-GW.
· Security information: similar to Rel-10 CA, the PCell provides security information. In inter-eNB CA, in case of S1 approach, PDCP layer can be located in the small cell. In this architecture, security information should be provided to the small cell PDCP layer. However, since the macro cell and the small cell are served by the different eNBs and the security key (i.e. KeNB) is eNB and UE specific, it is questionable whether the same security key can be shared between the macro cell and small cell. If possible, the PCell and the SCell share the same security key for integrity and ciphering. Otherwise, the PCell can provide a new security key which can be used for ciphering for radio bearer(s) served in the small cell. If the same security key is used, it would not be required for the macro cell to indicate the update of security information. Otherwise, the macro cell (or small cell) needs to report the update of security information i.e. using another security key. Further aspects on security are discussed in [6].      
· UE location information: the PCell provides UE location information to the CN. Therefore, there is no need to send the updated UE location information and security input even when an SCell is added or removed. 
In summary, when mobility only happens within the coverage of the same macro cell, the signaling to the CN is not needed for X2 approach. For S1 approach, some signaling to CN (e.g. S1 bearer information) is still needed.
3.2     Case2: when carrier aggregation is not supported

If the UE is not capable of CA or macro cells and small cells are deployed in the same frequency layer, inter-eNB CA cannot be used. However, some operations from inter-eNB CA can be reused without CA operation in order to minimize UE context transfer and signaling to the CN. 
As shown in Figure 2(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 virtual anchor cell. 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 2(b) we are showing the case where the UE is served only by the small cell. That is why the macro cell is defined as a virtual anchor cell for the UE when the small cell is used as a serving cell. It is also possible that the virtual anchor cell 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 virtual anchor cell and the serving cell at the same time.   

Regarding UE context transfer, the virtual anchor cell maintains the UE context information regardless of whether the virtual anchor cell is used for data transmission or not. If the small cell is configured as a serving cell, the virtual anchor cell 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. 

Similar to inter-eNB CA, the virtual anchor cell 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 2(b). The dotted line refers to the path for control plane, while the solid line refers to path for user plane. Similar to inter-eNB CA, both approach 1 (S1-based) and approach 2 (X2-based) 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 virtual anchor cell can provide security information. There could be two approaches. The serving cell uses the same security key as the one used for the virtual anchor cell for integrity and ciphering. Alternatively, the virtual anchor cell 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. In either case, 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 virtual anchor cell) needs to report the update of security information to the MME. Similar to inter-eNB CA, the feasibility should be further investigated during the SI.  

· UE location information: UE location information is determined by the virtual anchor cell, and hence the virtual anchor cell 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 virtual anchor cell has not been changed. However, it needs to be investigated if there is any issue to keep the UE location based on the virtual anchor cell regardless of whether a serving cell has changed especially in terms of charging.   
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Figure 2 : example of keeping UE context information and mobility management in macro cell
User plane radio protocol split in Case 2 is similar as that in Case 1 [7]. The only difference is that macro cell does not handle any data bearers in Case 2. Since macro cell is handling the control plane, one possible radio protocol structure is shown in Figure 3 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 3 : Radio protocol structure for control plane
3.3     Comparison

Although Case 1 and Case 2 are targeted for different UE capabilities, we need to consider the comparison between Case 1 and Case 2 for UEs supporting DL CA but not UL CA [8].
Table 1: Comparison of Case 1 vs. Case 2
	
	Case 1
	Case 2

	Achievable DL peak data rate
	Option 1: Less than that of one component carrier;
Option 2: Can be larger than that of one component carrier [8]
	Same as Rel-11 CA

	Modification to UE
	Yes
	No

	Minimizing UE context transfer and signaling to CN
	Both approach can achieve similar improvement

	Potential improvement to mobility performance
	Yes
	No


The benefit of Case 2 is that there are no changes at UE side, but it cannot improve mobility performance. Considering that Case 2 has much less standardization efforts compared with Case 1, it is proposed to study Case 2 as well as Case 1 as the enhancements to minimize UE context transfer and signaling to the CN.
4      Conclusion

In this contribution, we discussed the mechanism to keep the UE context information and CN signaling related information in the macro cell for minimizing inter-node UE context transfer and signalling towards the core network. We observe that extending CA concepts to an inter-eNB CA approach is helpful to minimize UE context transfer if the macro-cell is used as the PCell and the small cell is used as the SCell. Depending on the further detailed protocol structure, signaling to the CN could be also minimized. In addition, even if CA is not supported, the similar concepts could be reused such that a macro-cell is used as a virtual anchor cell which maintains UE context information and information related to signaling to the CN. 

Therefore, we propose that RAN2 study the mobility enhancement scheme minimizing UE context transfer and signalling to the CN in the following two cases. 

· Case 1: carrier aggregation is supported.

· Case 2: carrier aggregation is not supported.  
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 the PCell in CA case or as a virtual anchor cell in non-CA case. 

· Whether data transmitting/receiving by the small cell is forwarded from/to S-GW through the macro-cell using X2 interface. 
· Whether the UE location information can be managed based on the macro-cell only.
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