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1   Introduction
At the 3GPP TSG RAN #51 meeting, one SI on H(e)NB had been approved in [1]. In this WID, the objectives for LTE are to 
Evaluate the benefit of support for Enhanced eNB to HeNB mobility and vice versa. (RAN3 only)

Evaluate the benefit of support for Inter-CSG enhanced mobility. (RAN3 only)

Evaluate the benefit of X2 connection via the GW proxy for (H)eNB to HeNB mobility enhancements (RAN3 only)
Evaluate the benefit of support of RAN sharing for HeNBs in line with SA decisionsHNBs.
Evaluate the benefit of support of deployment scenarios with 2 HeNB-Gateways directly interconnected to each other. (RAN3 only)
In this document we introduce the scenarios and possible issues need to be discussed. 
2   Enhanced mobility between eNB and HeNB
2.1   Scenario
As stated in [1] and shown in figure1-4, HeNB is mainly applied in two scenarios, the high density area, such as shopping mall, and sparse area aiming to enhance coverage. There are two options for the architecture. One is assumed that HeNBs in a Macro eNB area are connected to one HeNB GW for the practical requirement as shown in figure 1-2. The other one is assumed the no HeNB GW is deployed and HeNBs are directly connected to a Macro eNB.
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     Figure 1 X2 GW for shopping mall                                Figure 2 X2 GW for coverage enhanced
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            Figure 3 Direct X2 for shopping mall                                  Figure 4 Direct X2 for coverage enhanced

For High Density of HeNB, the Macro eNB just needs to keep only one X2 interface to HeNB GW based on X2 GW solution, rather than so many X2 interface to HeNBs based on direct X2 solution. Compared with direct X2, X2 GW improves the Macro eNB’s scalability, avoids the hardware upgrade to Macro eNB, and eases off IOT. 

2.2   Comparison table

Table1 gives a comparison of direct X2/X2 GW for the above two case.  

Table 1 The Comparison of direct X2/X2GW for two scenarios

	
	Direct X2 (High Density) 
	X2 GW (High Density)
	Direct X2 (Low Density)
	X2 GW     (Low Density)

	Number of X2 connections for Macro eNB
	Many
	A few
	A few
	A few

	Number of X2 connections for Open HeNB
	A few
	1
	A few
	1

	The maintain of X2 interface for Macro eNB, e.g., SON and Heart Hop mechanism
	Heavy
	Light
	Light
	Light

	Hardware Upgrade to Macro eNB
	Yes
	Maybe no
	No
	No

	IOT for Macro eNB
	Necessary for each HeNB
	Only Necessary for HeNB GW
	Necessary for each HeNB
	Only Necessary for HeNB GW

	Data flow and processing on application protocol state for Macro eNB
	High
	High
	Middle
	Middle

	New signalling procedure to be specified
	No
	Yes
	No
	Yes


Based on the above analysis, the selection of solution based on direct X2 or X2 GW does strongly depend on the deployment scenario. 
Furthermore, considering the shopping mall case, the X2 connection number based on direct X2 solution is similar to the Pico node. The scalability issue may be not a problem for Pico because there is no frequent switch on and off to Pico, Pico nodes are designed for robust X2 connection, which is not the first aim of HeNB. 

Proposal 1: When considering the selection of direct X2 or X2 GW, the decision should be made based on the clear deployment scenario. 
3   Inter-CSG HeNB-HeNB HO
3.1   Scenario
Inter-CSG HeNB-HeNB HO, which deferred from Rel-10, is a possible happen case in enterprise environments. For example, some neighbour stores in a shopping mall may use CSG with different CSG ID, or one company may deploy CSG with different CSG ID for different application. In these cases, inter-CSG mobility is inevitable and has the benefit to study the enhancements. 
3.2   Access control
Considering the character of CSG Cell, which only allows the member to access, the access control should be considered to avoid the access of unauthorized UEs, and it is necessary to consider the access control mechanism in the inter-CSG case.

The access control mechanism during HO for CSG and hybrid cells is agreed as following: 

· preliminary checking in the UE by the white list
· final checking in the MME
As S1 HO already supports inter-CSG mobility, in the following section, we only discuss the access control of inter-CSG mobility for X2 HO. 

Regarding X2 HO for inter-CSG case, , there are possible solution to implement access control ,whatever there is a HeNB-GW deployment or not in the source or/and in the target: 

· Solution 1: both the source HeNB and the target HeNB consult MME for UE access control
· Solution 2: Only the target HeNB consults MME for UE access control
In solution 1, the source HeNB first consults the MME, e.g. by a new message, to perform access control for the UE based on the stored CSG subscription data. If the access control procedure fails, the MME will inform the source HeNB to stop the HO. If successes, the source HeNB will send HANDOVER REQUEST message to the target HeNB. And then the target HeNB may also need to consults MME to perform access control again if the source HeNB and the target HeNB belong to different user. In this case, the HO can be stopped as early as possible if the UE access control can not be passed in MME.
While in solution 2, the source HeNB send HANDOVER REQUEST message to the target HeNB, and the target HeNB consults the MME to perform access control for the UE based on the stored CSG subscription data. If the access control procedure fails, the MME will inform the target HeNB and then the target HeNB will inform the source HeNB to reject the HO. If successes, the target HeNB will send HANDOVER REQUEST ACKNOWLEDGE message to the source HeNB. In this case, the signalling passing through CN can be largely saved. 
Considering the simplicity of the HO procedure and the benefit of X2 HO, i.e. to save signalling passing through CN, we prefer solution 2 comparing solution 1. 
Proposal 2: Use the HO procedure depicted in solution 2 as the inter-CSG X2 HO procedure.

4   X2 via GW proxy for HeNB to HeNB mobility
4.1   Scenario
In order to support of HeNB to HeNB enhanced mobility, as shown in figure 5, an X2 GW is can be used to allow an (H)eNB to support many X2 interfaces, analogous to the HeNB GW’s role for the S1 interface.
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           Figure 5 X2 GW for shopping 

This architecture experiences larger delay than direct X2, but considering this issue depends on the network topology and HeNB GW’s location, it would not be a significant drawback. 
This architecture has key advantage that the HeNB only needs to keep one X2 interface to HeNB GW regardless of the target HeNB rather than so many X2 interface to HeNBs, and the HeNB GW relays or terminates X2. As in the enterprise scenario HeNB is mainly applied in the high density area, such as shopping mall or one big company, the number of HeNB in an area is high and the handover between HeNB is frequent. For the macro eNB, there could be up to several hundred HeNBs under its coverage, therefore if a HeNB GW exists, the macro eNB only needs to support an X2 interface to neighbouring HeNBs. If the HO can be terminated in the GW, the signaling load in the MME will be greatly reduced.  
This architecture has another advantage, i.e. HeNB has less complexity to support X2 functions.
This architecture could perfectly solve the security issue as connection will go through the Se GW to arrive HeNB GW. Therefore it is clear that the X2 GW is really needed in this scenario.
4.2   Possible Issues
4.2.1   X2 proxy functionality
X2 proxy functionality for supporting RNs;

The DeNB provides S1 and X2 proxy functionality between the RN and other network nodes (other eNBs, MMEs and S GWs). The S1 and X2 proxy functionality includes passing UE-dedicated S1 and X2 signalling messages as well as GTP data packets between the S1 and X2 interfaces associated with the RN and the S1 and X2 interfaces associated with other network nodes. Due to the proxy functionality, the DeNB appears as an MME (for S1-MME), an eNB (for X2) and an S-GW (for S1-U) to the RN.
As discussed above, the HeNB GW hosts the X2 proxy functions:

-
Relaying UE-associated X2 application part messages between the HeNB serving the UE and another HeNB;
-
Terminating non-UE associated X2 application part procedures towards the HeNB. 
-
X2 interfaces shall not be established between the HeNB GW and the HeNB instead of directly between HeNBs.
4.2.2   Direct X2 or X2 GW
As the direct X2 solution had already been specified in R10, whether HeNB shall established X2 interfaces with the HeNB GW or directly with other HeNB needs to be further considered. Considering the pros and cons of direct X2 and X2 GW respectively as analysed in section 2.2, this issue could leave for implementation according to deployment scenario.

4.2.3   Routing
As the X2 interface breaks when an X2 GW is deployed to terminate the X2 interface at the HeNB GW, the X2 GW could not route X2AP messages which do not contain sufficient information to the correct target HeNB. 

The problem had already been widely discussed for Relay, and the solution introduced for Relay can be reused for HeNB case. The processing of X2-AP messages in HeNB GW includes modifying X2-AP UE IDs, Transport Layer address and GTP TEIDs but leaves other parts of the message unchanged.
4.2.4   X2 HO or S1 HO
In a network where X2 GW proxy HO is supported, the source HeNB needs to know whether it can initiate X2 HO with the potential target HeNB, or say whether the HeNB GW has a X2 interface with that target HeNB. When a HeNB performs X2 setup with HeNB GW, the HeNB GW needs to inform the HeNB the X2 interfaces it already have with other HeNBs.
4.2.5   Intra-CSG or inter-CSG

When a CSG cell initiates a HO to another CSG cell, in existing mechanism, only the HeNB GW knows the CSG ID of both the source and the target CSG cell. Therefore the HeNB GW could decide whether the HO is intra-CSG or not. Otherwise, the source HeNB inform the target HeNB which cell is the source cell initiating the HO.
Proposal 3: The possible issues listed above, i.e. in section 4.2, need to be studied.
5   RAN sharing for HeNBs
In the recently SA#51 meeting, the need of support RAN sharing is discussed in RAN and SA plenaries. SA concluded that [2]: 

It was reconfirmed that in general all new features (or enhancements to existing features) should be designed to work in network sharing environments. As a consequence, it  was not seen necessary to create new baseline stage 1 requirements every time a new feature or enhancements to an existing feature is developed as the existing text in TS 22.101 on Network Sharing is considered a sufficient baseline. Yet, this does not preclude the potential need for additional requirements on a case by case basis, e.g. PWS, H(e)NodeB, EAB and CBS. 

But some problems are raised in RAN2, SA2 and CT1 to support RAN sharing in H(e)NBs before Release10. So according to this, it is necessary to discuss RAN sharing support in R11.

But some open issues are left to support RAN sharing in HeNBs:

· In LTE, if HeNB-GW exists, the HeNB-GW shall get the related PLMN information to access UE to the correct PLMN CN node. If the UE support RAN sharing, it will select a PLMN Identity which broadcasted in the HeNB cell, and it will inform the HeNB. The HeNB will include this info in the Initial UE message. So if the HeNB-GW wants to get this information to access correct CN node, it shall inspect the Initial UE message to get it.
· In [3], it specifies that csg-Identity is the Identity of the Closed Subscriber Group within the primary PLMN the cell belongs to. If CSD ID is shared among multiple PLMNs, CSG ID per PLMN should be broadcasted. This is mainly a RAN2 issue and it is necessary to work together with RAN2.
· In handover procedure in macro network supporting RAN sharing, if the PLMN in use is not supported in the target cell the source eNB select the target PLMN based on either: (i) pre-configured information in the eNB, or (ii) the SNA Access Information IE/the Equivalent PLMNs list provided by the MME [2]. But the macro network can not get all the information of HeNB cells deployed in it. It seems that the method used in macro to handover to a shared cell can not work in the inbound handover procedure to the shared HeNB cells. So maybe some UE assistant methods or special configured information provided to the macro are necessary to solve this problem. It is necessary to work together with RAN2.
For open mode HeNB, it is no difference from macro cell and thus RAN sharing can be supported.

Proposal 4: The possible issues listed above, i.e. in section 5, need to be studied.

6   Deployment scenarios with 2 HeNB GWs interconnection
In rel-10, the driven for the enhanced H2H mobility is the enterprise case. Because the GW discovery is based on HeNB’s location, it is very likely that all the HeNBs in the same enterprise connect to the same GW and the HeNBs connecting to different GWs is likely not the neighbours in real deployment. To simplify the implementation of HeNB and GW, it is better to restrict the enhanced mobility between HeNBs to intra-GW only. But if the enhanced mobility between HeNB and Marco is introduced, all the rules implemented in that case can be easily reused. 
Proposal 5: Support for 2 HeNB GWs directly interconnection should be low priority in R11 discussion.
7   Way forward
In this contribution, we share our views on all the possible working items for HeNB enhancements in [1]. And we propose:
Proposal: For HeNB enhancements, the three items, i.e. enhanced mobility between eNB and HeNB,  inter-CSG HeNB-HeNB HO, X2 via GW proxy for HeNB to HeNB mobility, and RAN sharing for HeNBs has benefit and thus need to be studied.
Proposal 1: When considering the selection of direct X2 or X2 GW, the decision should be made based on the clear deployment scenario. 
Proposal 2: Use the HO procedure depicted in solution 2 as the inter-CSG X2 HO procedure.

Proposal 3: The possible issues listed above, i.e. in section 4.2, need to be studied.

Proposal 4: The possible issues listed above, i.e. in section 5, need to be studied.
Proposal 5: Support for 2 HeNB GWs directly interconnection should be low priority in R11 discussion.
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