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1 Introduction
This paper shares our initiated thoughts on“Identify and evaluate the necessity of overall Radio Resource Management structure and mobility enhancements for small cell deployments” [1]. In details, the target here is to start the discussion on reducing the inter-node UE context transfer and signalling towards the core network (CN) for UE mobility in the small cell deployments. 
Based on our the understanding to the legacy X2 and S1 handover (details are listed in the Annex), the enhancement on UE mobility in the small cell should consider
- reducing the impact to core network
- simplifying the inter-node signaling. 
2 Discussions
Mobility scenarios

As suggested in TR 36.932[2], the small cell deployment includes Macro cell and small cell coexistence scenario and standalone small cell scenarios. Therefore, following scenarios are observed for small cell deployments.
· Mobility between small cells:

A. Within the Macro cell coverage, UE moves from small cell to small cell;

B. Without the Macro cell coverage, UE moves from small cell to small cell (standalone small cells);
C. UE moves from small cell without Macro cell coverage to small cell within Macro cell coverage;
D. UE moves from small cell within Macro cell coverage to small cell without Macro cell coverage.
· Mobility between Macro cell and small cell:

E. Within the Macro cell coverage, UE moves from Macro cell to small cell;

F. Within the Macro cell coverage, UE moves from small cell to Macro cell.
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Figure 1 small cell scenarios copied from TR 36.932
For the dense small cell delployement, the extra mobility cases brought by the small cells mostly happen between small cells (scenario A to D). As a contrast, for the sparse small cell deployements,  the issues major rise from mobility between small cells and Macro cell (scenario E and F ). Therefore, to meet the requirement in, we propose to consider all the six mobility scenarios, no matter there is a Macro coverage or not.
Proposal 1:  Small cell mobility enhancement within the Macro coverage and without the Macro coverage should be both considered.

Option 1: RAN-Gateway (RAN-GW)
To reduce the CN load brought by path switch/ACK in small cell related mobility procedures, with legacy handover in mind, a direct mechanism is to set an independent anchor node (RAN-GW) at RAN side to shield the messages towards CN for mobility between small cells. One topology example is shown in Figure 3. The small cell may be either in the coverage of the Macro cell or not. Therefore, option 1 is applicable to scenario A to D. In addition, the mobility control in scenario E and F works similar to a normal S1 handover. 
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Figure 2. RAN-GW exmaple for small cell deployments

The mobility signalling flow examples with RAN-GW is shown in Figure 3. Table 1 gives the detailed illustration of RAN-GW to reduce the impact towards CN. Specifically, the signaling reached RAN-GW but not the MME/SGW is expected to reduce the burden on the link between the RAN-GW and the MME/SGW.
Table 1. Benefit of RAN-GW to reduce impact to CN
	Legacy S1-HO Signaling exchange with CN
	Deleted signaling exchange with CN 
	Procedure similar to legacy S1 handover

	2. Handover Required

3. Handover Request

5. Handover Request ACK

6. Handover Command

9. Handover Notify

10. User Pane Update Request

11. User Plane Update Response

12. UE context release
	10. User Pane Update Request

11. User Plane Update Response


	2. Handover Required

3. Handover Request

5. Handover Request ACK

6. Handover Command

9. Handover Notify

12. UE context release
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Figure 3. Moblity with RAN-GW procedure

Option 2: Dual Connection 
If the small cell is in the coverage of Macro Cell, a dual connection can be used for the UE mobility in order to simplify the inter-node signaling exchange. UE maintains multiple connections with the Macro layer and the small cell layer at the same time. For example, Macro eNB may work as an anchor point to control the UE and small cell may only transmit the user data (CP/UP split).  
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Figure 5. dual connection example 
Under the coverage of the same Macro eNB, the UE context is saved at the Macro eNB and there is no need to exchange it. In addition, the change of small cell during mobility does not follow the legacy handover procedure. When UE moves in the Macro eNB, the same UP path between the Macro eNB and CN and only the link between small cell and Macro eNB will change in a soft manner such as “add or delete”. With the legacy handover concept in mind, all the resource block in UP may be suspend and reset. But with the dual connection, only part of the bearers would be affected since the small cell links can be “added or deleted”.
Dual connection is applicable to scenario A and E since there should always be. In scenario A, the source small cell is “deleted” and the target small cell is “added” and the mobility case can be seen as a small cell change. In Scenario E, the target small cell is “added”. 
Figure 5 shows a dual connection mobility procedure in scenario A as a typical example.
Compared to that in X2 handover, the inter-node signaling exchange is deleted since the Macro eNB controls everything during the UE mobility. But the Resource Setup is similar to Admission Control for UE to access the target small cell as shown in Table 2. New procedures to notify the UE to add small cell are also defined with “Cell change Request/Cell change Request ACK”
Table 2 Benefit of dual connection for inter-node UE context transfer
	Legacy X2-HO Inter-node UE context transfer
	Deleted Inter-node UE context transfer
	Procedure similar to legacy X2 handover

	4. Handover Request

5. Admission control

6. Handover Request ACK

8. SN Status Transfer
	4. Handover Request

6. Handover Request ACK

8. SN Status Transfer
	5. Admission control (change to Resource Setup)




Compared to that in S1 handover, the corresponding benefit of dual connection on reducing the signaling impact to CN is shown in Table 3. In addition Handover Request/Handover Request ACK between Macro eNB and source/target small cell are changed to that to add the target small cell. 
Table 3. Benefit of dual connection to reduce signaling impact to CN for scenario A
	Legacy S1 Signaling exchange with CN
	Deleted signaling exchange with CN 
	Procedure similar to legacy S1 handover

	2. Handover Required

3. Handover Request

5. Handover Request ACK

6. Handover Command

9. Handover Notify

10. User Pane Update Request

11. User Plane Update Response

12. UE context release
	2. Handover Required

6. Handover Command

9. Handover Notify
10. User Pane Update Request

11. User Plane Update Response


	3. Handover Request (change to Connect Request)
5. Handover Request ACK (change to Connect Request ACK)
12. UE context release
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Figure 5. Mobility procedure example with dual connection (Scenario A)
Following the procedure in Figure 5, if scenario E is considered, step 7 and step 8 (UE context Release signaling and Resource Release) could be omitted since there is no source small cell in the scenario. The other steps (step 1 to step 6) remain valid. 
3 Summary
The table below helps us to see the whole picture. With a new node RAN-GW, option 1 is applicable for all the mobility scenarios but only benefits the ones between the small cells (no matter in the Macro coverage or not). Option 2 is applicable only to the scenarios within the Macro eNB coverage but helps both mobility between small cells and mobility between Macro and small cell. In addition, although option 1 and option 2 both works for scenario A and E, option 2 will be a better choice there since it reduces CN impact and saves inter-node signaling simultaneously when the UE moves in the Macro area.
	Topology
	Description
	Reduce CN impact?
	Reduce inter-node signaling?
	Applicable scenarios in 2.1
	Impact to protocol

	Option 1 RAN-GW
	A RAN-GW works as the anchor of small cell mobility.
	Yes
	No
	A, B, C, D, E, F
	Change is needed for the protocol structure. 


	Option 2 dual connection
	UE maintains multiple connections with the Macro layer and the small cell layer at the same time
	Yes if the Macro is used also as a UP proxy 
	Yes
	A, E
	Change is needed for the protocol structure 

The X3 interface needs definition. 


In summary, we have following proposals.
Proposal 1:  Small cell mobility enhancement within the Macro coverage and without the Macro coverage should be both considered.

Proposal 2： To consider RAN-GW for mobility case without Macro coverage (scenario B, C, D) while to consider UP/CP split for mobility case within Macro coverage (scenario A, E).
4 Reference
[1]  RP-122033: New Study Item Description: Small Cell enhancements for E-UTRA and E-UTRAN – Higher-layer aspects
[2]  TR 36.932 V12.0.0, “Scenarios and Requirements for Small Cell Enhancements for E-UTRA and E-UTRAN”.
5 Annex
In Macro cell X2 handover procedure, the handover decision is done at the source eNB and therefore a target cell (in a target eNB) will be set for the UE. Since there is no UE context in the target eNB, a Handover Request message will carry the UE context from source eNB to the target eNB. Accordingly, the target eNB generates the RRC reconfiguration information and a Handover Request ACK is used to notify the source eNB the new configuration. After the UE receives the RRC configuration at source eNB, it performs RACH at target cell. Upon the UE’s successful access in the target cell, the target eNB transmits Path Switch Request to the network to change switch the data path ending at the current serving cell and receives the response after the path is changed. Finally, the target UE Context Release message is sent by the target eNB to the source eNB to release the UE context and related dedicated resource. More details of the procedures can be seen in Figure A. 1.

As a contrast, Figure A.2 shows the legacy S1 handover procedure. Since S1 handover is expected to appear when there is no X2 interface available, there will be no inter-node signaling exchange block in the procedure. The impact to core network comes from the signaling exchange between source/target and MME and signaling between MME and SGW.
Table A.1 shows the detailed signaling for inter-node UE context transfer and signaling exchange with CN.

Table A.1 Detailed signaling for inter-node UE context transfer and signaling exchange with CN
	Handover
	Inter-node UE context transfer
	Signaling exchange with CN

	X2-HO
	4. Handover Request
5. Admission control

6. Handover Request ACK

8. SN Status Transfer
	12. Path Switch Request

13. Modify Bearer Request

14. Switch DL Data

15. Modify Bearer Response

16. Path Switch Request ACK

17. UE Context Release

	S1-HO
	None
	2. Handover Required
3. Handover Request

5. Handover Request ACK
6. Handover Command

9. Handover Notify

10. User Pane Update Request

11. User Plane Update Response

12. UE context release
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Figure A.1 UE context transfer and signaling towards the core network in legacy X2 handover
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Figure A.2 UE context transfer and signaling towards the core network in legacy S1 handover
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