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1 Introduction
At the RAN3#69bis meeting, RAN3 had made the decision that the mobility optimization between Home eNB (HeNB) and Macro eNB (MeNB) is deferred until the Rel-11 work is started. At the RAN#51 meeting, the new SI “Further enhancements for HNB and HeNB” has been approved including the evaluation of the mobility enhancement between HeNB and MeNB [1].
Since the aforementioned topic had been discussed for several meetings before RAN3#69bis, it is beneficial to have a brief summary on the status of this work when it is restarted. In this contribution, we will review some previously submitted contributions [2][3][4], with a focus on the mobility enhancement between HeNB and MeNB, and re-evaluate some remaining issues under the recently finished Rel-10 HeNB network architecture. Finally, the tradeoffs between the two different way forwards, namely indirect and Direct X2 connection, along with a few open issues are discussed.
2 Background
The HeNB network architecture with X2 interface between HeNBs is shown in Fig. 1 [5]. The Rel-10 specifications support X2 handover between HeNBs, when the handover happens between closed/hybrid access HeNBs having the same CSG ID, or when the target HeNB is an open access HeNB, independent of whether any of the involved HeNBs is connected to a HeNB GW or not.
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Fig. 1: Rel-10 HeNB Network Architecture
During previous meetings, two way forwards for mobility enhancement between HeNB and MeNB have been proposed:
· WF-1: Indirect X2 connection
· WF-2: Direct X2 connection
Based on the fact that the direct X2 connection has been introduced between HeNBs, in the sequel we re-analyze these two way forwards in detail with the Rel-10 network architecture taken into consideration.
3 Discussion
3.1 WF-1: Indirect X2 connection
In this case, indirect X2 connection is established between MeNB and HeNB via HeNB GW. As shown in Fig. 2, the blue line represents the indirect X2 connections between HeNB and HeNB GW, and between MeNB and HeNB GW.
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Fig. 2: Indirect X2 connection between HeNB and MeNB

3.1.1 Pros and cons
The pros and cons of WF-1 are analyzed in [2][3][4], which is summarised in Table 1.
Table 1: The pros and cons of indirect X2 connection
	
	Indirect X2 interface

	Pros
	· Low number of X2 connections. With this advantage, WF-1 is more suitable for the scenario with a high density of HeNBs;
· Light burden for X2 connection and neighbour relationship management even when HeNBs are powered on or off frequently.

	Cons
	· Larger delay than the direct interface solution;
· High signaling overhead for HeNB GW during HO procedure;
· HeNB GW needs to introduce X2 proxy functionality.


As seen in Table 1, the main advantage of indirect X2 connection is the reduced SCTP and X2 signaling overhead.
3.1.2 Open issues
In addition to the above-mentioned pros and cons, the following potential issues should also be considered in Rel-11 SI time frame:
1. How to implement the enhancement mobility between MeNB and the HeNB connected to MME directly?
When X2 proxy functionality is deployed in the HeNB GW, the X2-based mobility between MeNB and the HeNB under this HeNB GW is supported. However, operator may deploy some HeNBs directly connected to MME, which means additional consideration is needed for how to implement the enhancement mobility between MeNB and the HeNB directly connected to MME. There are two options:
· Option 1: no enhancement. X2 connection between MeNB and HeNB is prohibited.
This option indicates that only S1-based mobility is supported, which means no mobility enhancement is fulfilled in this case.

· Option 2: Direct X2 connection between MeNB and the HeNB directly connected to MME is allowed.
This is a hybrid solution as shown in Fig. 3. It can have the benefits of both the indirect and the direct X2 connection schemes, although the networking complexity is increased somehow.
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Fig. 3: Hybrid solution with direct and indirect X2 connections
2. How many HeNBs can be supported by one HeNB GW?
When the X2 proxy functionality is deployed in the HeNB GW, the HeNB GW can be treated as a neighbor MeNB and the HeNBs managed by the HeNB GW can be seen as the cells owned by this neighbor MeNB from the MeNB’s perspective. According to the specification, only 256 cells can be supported via one X2 interface, namely one X2 proxy functionality in this case. However, the HeNB GW is endorsed in specification that it is supposed to be capable of supporting a number of HeNBs that can be larger than 256. Thus, WF-1 imposes a constraint on the number of HeNBs that can be supported by the HeNB GW. 
In our opinion, these open issues have significant impact on the RAN network architecture. Therefore, we propose that:
Proposal 1: It is recommended that RAN3 should prioritize the aforementioned open issues when discussing WF-1 in Rel-11 SI work.
3.2 WF-2: Direct X2 connection
In this case, a direct X2 interface is set up between eNB and HeNB, as shown in Fig. 4, where the blue line represents the direct X2 connection between HeNB and MeNB.
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Fig. 4: Direct X2 connection between HeNB and eNB

3.2.1 Pros and cons
The pros and cons of WF-2 are analyzed in [2][3][4], which is summarised in Table 2.
Table 2: The pros and cons of direct X2 connection
	
	Direct X2 interface

	Pros
	· Lowest delay;
· Low signaling overhead for HeNB GW during HO procedure.

	Cons
	· Large number of X2 connections for a high density of HeNBs;
· Heavy burden for X2 connection management especially when HeNBs are powered on or off frequently;
· Heavy burden of neighbor relationship management for MeNB;
· MeNB probably needs to be upgraded to support increasing load.


Obviously, as opposed to the indirection X2 connection scheme, the main concerns for the direct X2 connection scheme are the high signaling and processing load needed to maintain the large amount of SCTP and X2 connection.
3.2.2 Open issues

In addition to the above-mentioned pros and cons, the following issues should also be considered in Rel-11 SI time frame:

1. Whether the MeNB’s backhaul has the capacity to support high density of HeNBs?
In the high density scenario, there can be extensive X2 connections needed to be set up and maintained. In other words, MeNB as well as the backhaul network of operator needs to be able to establish a large number of SCTP/X2 connections. Thus, quantitative analysis will be appreciated to clarify such an uncertainty.
2. Whether or not the MeNB and the backhaul network can handle heavy signaling load, for example, an extreme scenario where a large number of HeNBs are switched on/off frequently or almost simultaneously?
In such a situation, not only the MeNB but also the backhaul may be overloaded by the SCTP/X2 signalling messages. Therefore, the probability of occurrence of this use case needs to be carefully evaluated.
Similar to the WF-1 open issues, we propose that:

Proposal 2: It is recommended that RAN3 should prioritize the aforementioned open issues when discussing the WF-2 in Rel-11 SI work.

3.3 Common issues

3.3.1 HO type determination

In the RAN3#69 meeting, the “HO type determination” issue [6][7] was identified in the scenario of direct X2 connection between HeNBs. The proposed solution was:

“In case of S1 INITIAL CONTEXT SETUP REQUEST message and S1 HANDOVER REQUEST message, informing the HeNB about any GUMMEI corresponding to the serving MME, the MME UE S1AP ID assigned by the MME and the MME UE S1AP ID assigned by the HeNB GW for the UE”[5].
In fact, such an issue applied to both the indirect and the direct X2 connection schemes in the initial phase of Rel-10 HeNB enhanced mobility WI. When considering the Rel-11 enhanced mobility between MeNB and HeNB, we suggest that the Rel-10 framework shall be deemed as baseline. More specifically, in the light of Rel-10 stage-3 implementations:
· HeNB is able to know the serving MME for the UE connected to it;
· HeNB is able to know the GU Group ID information of the target eNB during HO procedure;
· HeNB is able to know whether the X2 connection, no matter indirectly or directly, is available between the MeNB and itself.
Based on the above assumptions, the HeNB can make the right decision on the choice of HO type. Similarly, the MeNB is also able to comprehend the situation.
Proposal 3: The discussion of enhanced mobility between HeNB and MeNB shall take the Rel-10 stage-3 framework for enhanced mobility between HeNBs as the baseline.

Proposal 4: The “HO type determination” issue is considered as solved in the Rel-10 stage-3 framework.
3.3.2  Resource Status Reporting
The Resource Status Reporting mechanism is designed to support RRM functions, e.g. the Mobility Load Balancing and time-domain ICIC. Considering that there may be hundreds of HeNBs under the coverage area of a MeNB, a large number of parallel Resource Status Reporting procedures may exhaust the MeNB’s resources. This problem exists in both WFs. Thus, we propose that:
Proposal 5: The problem of a large number of parallel Resource Status Reporting procedures shall be studied in the Further H(e)NB Mobility Enhancements SI.
4 Conclusion

In this contribution, the previous work on the mobility enhancement between HeNB and MeNB is reviewed, and the remaining issues have been re-evaluated under the recently finished Rel-10 HeNB network architecture. The analysis in the pros and cons parts indicate that some trade-offs must be made when choosing the WF. Therefore, we suggest such trade-offs shall be discussed before any further steps.
At the end, the following proposals are presented:
Proposal 1: It is recommended that RAN3 should prioritize the aforementioned open issues when discussing WF-1 in Rel-11 SI work.
Proposal 2: It is recommended that RAN3 should prioritize the aforementioned open issues when discussing the WF-2 in Rel-11 SI work.
Proposal 3: The discussion of enhanced mobility between HeNB and MeNB shall take the Rel-10 stage-3 framework for enhanced mobility between HeNBs as the baseline.

Proposal 4: The “HO type determination” issue is considered as solved in the Rel-10 stage-3 framework.

Proposal 5: The problem of a large number of parallel Resource Status Reporting procedures shall be studied in the Further H(e)NB Mobility Enhancements SI.
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