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1 Introduction
In the RAN3#69 meeting, the following agreements and work assumptions were reached:

In the scope of the HeNB mobility enhancement, X2-based mobility is allowed in the following cases:

-
Between an eNB that does not have closed/hybrid cells and an open access HeNB;

-
Between two open access HeNBs;

-
Between two closed/hybrid HeNBs only if they have the same CSG ID (under the assumption that there is no more additional effort required besides those that are required to support hybrid-hybrid mobility with the same CSG ID).

WA1) The X2 based mobility shall be performed only for the intra MME pool case.

WA2) When a HeNB GW is present, X2 HO shall be performed only for the intra HeNB GW case.

WA3) For HeNB-HeNB case, both direct X2 and X2-GW based solution will be standardized, to address different deployment scenarios and use cases.
In this contribution we give a further discussion on mobility enhancement between open HeNB and eNB.
2 Discussion
2.1 MME pool(s)

Considering the different capacity of different HeNB GW, the HeNB GW could be able to belong to one or multiple MME pool(s). If we restrict a HeNB GW to only one MME pool, it would be a capacity waste for a high capacity MME GW and more HeNB GW devices are needed to serve every MME pools.

MME Pool Areas may overlap each other, if HeNB GW can connect to multiple MME pools, then the UE can avoid initiating mobility procedures when moving into this MME pool overlapping areas. Thus signaling can be largely decreased in these areas.
Besides, an eNodeB is allowed to connect to several MME pools, so it is reasonable that HeNB GW applies the same principle as for macro eNB. If it requests the GW connects to a MME pool only, when a R8/R9 legacy HeNB-GW is deployed in the overlapping area to support multiple MME pools, though we implement mobility enhanced feature in this GW, the signaling may be larger than legacy case.
However there are some issues if the HeNB-GW can connect to several MME pools:

If HeNB GW exists, HeNB can not get to know the serving MME for a UE connecting to it or the GU Group ID information of target eNB during HO. Before the HeNB initiates the X2 HO towards to the eNB, the HeNB should make sure that the eNB is also connect to the MME pool served by the UE. Some enhancements are needed, e.g. HeNB GW could inform HeNB the serving MME for the UE and HeNB GW could additionally inform HeNB the MME pools that target eNB belongs to, or HeNB GW can just reject the X2 HO Request if the target is not connecting to the MME pools serving the UE.
All the above mentioned problems can be solved without much effort. Therefore we think it is no need to have a restriction that a HeNB GW belongs to only a single MME pool.
Conclusion 1: A HeNB GW could connect to multiple MME pool(s).

2.2 X2 schemes

For the eNB-HeNB case, three X2 schemes, i.e. direct X2, X2 GW based and both, are identified and still under discussion.
2.2.1 Direct X2
In this case, direct X2 interface is set up between eNB and HeNB as shown in figure 1.
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Figure 1 direct X2
Note: HeNB GW is an optional node in figure 1.
The X2 setup procedure initiated by eNB or HeNB is the same as current mechanism.

Because an open access eNB is available for all UEs and does not need a special access control during HO procedure, unidirectional X2 HO from closed/hybrid HeNB to open access eNB can be supported without specification impact.

The pros and cons of this scheme are listed in table 1.

Table 1: The pros and cons of direct X2 scheme
	
	direct X2 interface

	Pros
	- Short delay.

	Cons


	- High number of X2 connections: for high HeNB density scenario, the macro eNB may need to upgrade in order to support the large number of direct X2 interface with HeNBs which current macro eNBs do not support. 

- Heavy burden to maintain large number of X2 interfaces, e.g., SON and Heart Hop mechanism for high HeNB density scenario. .
- Signaling storm for macro eNB due to frequently X2 setup/release: the macro eNB needs to update X2 connections with HeNBs very often since HeNB could power on or off more frequently than macro eNB.
 - IOT problem: if HeNBs belong to several different vendors IOT between macro eNB and HeNBs will be very complicated.


2.2.2 X2 GW based
As shown in figure 2, in this case, the X2 interface is set up between eNB and HeNB via HeNB GW. 

[image: image2.wmf]HeNB

Macro 

eNB

HeNB 

GW

X

2

MME

S

1

S

1

S

1

X

2


Figure 2 X2 GW based
For the detail X2 setup procedures for both eNB initiated and HeNB initiated, [3] can be referred. 

The pros and cons of this scheme are listed in table 2.

Table 2: The pros and cons of X2 GW based scheme
	
	X2 GW based

	Pros
	- Low number of X2 connections: the macro eNB does not need to upgrade for high HeNB density scenario.

- Light burden to maintain large number of X2 interfaces, e.g., SON and Heart Hop mechanism for high HeNB density scenario.
- No X2 setup/release for the macro eNB when the HeNB power on or off frequently.

- No IOT problem between macro eNB and HeNBs even if HeNBs belong to several different vendors.

	Cons
	- Relatively longer delay for X2 handling in HeNB GW.
- Some enhancements may be needed for X2 HO, e.g. HeNB needs to know whether X2 is available b/w HeNB GW and macro eNB before initiating X2 HO. (The same principles as for Relay could be applied.)


2.2.3 Both Direct X2 and X2 GW based
Since we have agreed that, for HeNB-HeNB case, both direct X2 and X2 GW based solution will be standardized to address different deployment scenarios and use cases, the following four X2 schemes, as shown in figure 3a), 3b), 3c), 3d), could be possible concurrently considering both the eNB-HeNB case and the HeNB-HeNB case:

Alternative 1: X2 GW based and X2 GW based

Alternative 2: X2 GW based and direct X2  

Alternative 3: direct X2 and direct X2

Alternative 4: direct X2 and X2 GW based
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Figure 3b) X2 GW based and direct X2

(Alt.2)

Figure 3a) X2 GW based and X2 GW based

(Alt.1)

Figure 3c) direct X2 and direct X2 

(Alt.3)

Figure 3d) direct X2 and X2 GW based 
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Note: HeNB GW in figure 3b) has X2 proxy function for macro eNB, but not for HeNB.
Table 3 Alternative comparison 

	
	Alt. 1
	Alt. 2
	Alt. 3
	Alt. 4

	Number of X2 connections for eNB
	Low
	Low
	High
- The macro eNB may need to upgrade
	Low

	Maintain large number of X2 interfaces
	Heavy
- e.g., SON and Heart Hop mechanism for high HeNB density scenario
	Light
	Heavy
- e.g., SON and Heart Hop mechanism for high HeNB density scenario
	Heavy
- e.g., SON and Heart Hop mechanism for high HeNB density scenario

	X2 setup/release signaling storm for macro eNB 
	Infrequently
	Infrequently
	Frequently
- Since HeNB could power on or off more frequently than macro eNB
	Frequently
- Since HeNB could power on or off more frequently than macro eNB

	IOT problem b/w eNB and HeNB
	No
	No
	Yes
- If HeNBs belong to several different vendors
	Yes
- If HeNBs belong to several different vendors

	HO signalling processing load at HeNB GW
	High
	Medium
	Low
	Medium

	Data forwarding delay
	Long
	Medium
	Medium
	Short

	HeNB GW impact
	X2 proxy

- An additional function to terminate X2 interface needs to be defined
	X2 proxy
- An additional function to terminate X2 interface needs to be defined
	No
	X2 proxy

- An additional function to terminate X2 interface needs to be defined

	Standardization impact
	Yes
	Yes

- When HeNB GW connects to more than one MME pools, needs to modify the spec for good HO performance 
	No
	Yes

- When HeNB GW connects to more than one MME pools, needs to modify the spec for good HO performance

	Suitable scenario
	High HeNB density
	High HeNB density
	Low HeNB density 
	Low HeNB density


Based on the above comparison, it can be concluded that:

Conclusion 2:
Alt.1 and Alt.3 can totally avoid the cons of direct X2 scheme and X2 GW based scheme respectively and can make full use the X2 connection once setup.
Conclusion 3:
For high HeNB density scenario, Alt.1 can largely avoid the drawbacks caused by large number of X2 connections, but the data forwarding delay need to be evaluated. 

Conclusion 4:
For low HeNB density scenario, the drawback listed for Alt.3 will not exist, and Alt.3 can provide the best HO performance without standard impact. 
From the total evaluation, we think different alternatives apply to different scenarios: 
Proposal 1:
 When considering the selection of direct X2 or X2 GW based or both, the decision should be made based on the clear deployment scenario. 
Proposal 2:
Considering direct X2 scheme is only applicable for low HeNB density scenario for which the necessity to optimize still needs further evaluation, we prefer to study X2 GW based scheme first.
3 Conclusion

In this contribution, we share our views on the mobility enhancement between HeNB and eNB, and the following alternatives are analyzed:
Scheme 1: direct X2

Scheme 2: X2 GW based

Scheme 3: Both Direct X2 and X2 GW based

Alternative 1: X2 GW based and X2 GW based

Alternative 2: X2 GW based and direct X2  

Alternative 3: direct X2 and direct X2

Alternative 4: direct X2 and X2 GW based
Based on the above comparison, it can be concluded that:

Conclusion 1: A HeNB GW could connect to multiple MME pool(s).

Conclusion 2:
Alt.1 and Alt.3 can totally avoid the cons of direct X2 scheme and X2 GW based scheme respectively and can make full use the X2 connection once setup.
Conclusion 3:
For high HeNB density scenario, Alt.1 can largely avoid the drawbacks caused by large number of X2 connections, but the data forwarding delay need to be evaluated. 

Conclusion 4:
For low HeNB density scenario, the drawback listed for Alt.3 will not exist, and Alt.3 can provide the best HO performance without standard impact. 
By comparing these schemes, the following conclusions and proposal is reached:
Proposal 1:
 When considering the selection of direct X2 or X2 GW based or both, the decision should be made based on the clear deployment scenario. 
Proposal 2:
Considering direct X2 scheme is only applicable for low HeNB density scenario for which the necessity to optimize still needs further evaluation, we prefer to study X2 GW based scheme first.
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