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1   Introduction
The HO Type determination is widely discussed for relay ([4]), but the similar issue also exists in HeNB. More specifically, following issues need to be resolved for enhanced eNB-HeNB mobility via HeNB-GW:
· The GU Group ID information. Does HeNB need to know the GU Group ID information that is used by the UE, and the one supported by target eNB?

· X2 availability. How does the source eNB (or HeNB) know whether X2 is available between HeNB-GW and target HeNB (or eNB)

This contribution analyses the issues, and propose to consider a common solution for relay and HeNB.
2   GU Group Information during X2 HO

(Almost the same text as we proposed in the relay contribution, [4])
2.1   X2 HO in macro system

The X2 HO is used when there is no change to MME. In order to have a successful HO, the source eNB shall know the MME pool serving the UE, and the MME pool that target eNB belongs to. This is done via two steps

· Step 1: source eNB performs MME selection for the UE. So source eNB know the MME pool serving the UE.

· Step 2: source eNB and target eNB exchange the MME pool information that the eNB belongs to during X2 setup and eNB Configuration Update procedure.

Of course, there is still the possibility that target eNB reject the X2 HO with the cause value “Invalid MME Group ID”, but it is a rare case due to the step 2 above. Here, we study using this principle for X2 HO in relay, more specifically the X2 HO between the HeNB and eNB.

2.2   X2 HO in HeNB system
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Figure 1: deployment example

In above example, HeNB-GW connect to MME pool #1 and MME pool #2. The neighbouring eNB2 only connect to MME pool #2. When the UE attaches to HeNB1, the HeNB-GW performs MME selection. The HeNB-GW could choose MME from MME Pool #1, or pool #2, since both pools support the Tracking Area #12. In this example, HeNB-GW selects MME pool #1 for UE1, but selects MME pool #2 for UE2. If reuse the macro system’s principle for this example, it has some issues:

· Issue 1: HeNB does not know the actual MME serving the UE. 

From the HeNB’s perspective, its HeNB-GW is the only “MME” that it can use. The HeNB-GW performs MME selection for the UE. HeNB1 does not know which MME/MME pool is serving UE1 and UE2.

· Issue 2: HeNB does not know the GU Group ID information of target eNB

The X2 setup procedure is performed between eNB2 and HeNB-GW, and between HeNB-GW and HeNB1. HeNB1 does not have the GU Group information of eNB2. Even HeNB-GW could tell HeNB1 whether the X2 is available between HeNB-GW and eNB2, but this does not tell HeNB1 the GU Group ID information of eNB2. The “X2 availability” information does not really help HeNB1 to decide whether it can use X2 HO for a specific UE, for example, X2 HO is possible for UE2, but not UE1.

There are several options to address these issues:

· Option 1: no enhancement. 

When HeNB1 needs to initiate a HO to eNB2, HeNB1 always first try the X2 HO. Since HeNB-GW knows which MME pool is serving the UE, and the MME pools that target eNB belong to, so HeNB-GW can know whether the X2 HO is possible. If not, HeNB-GW send HANDOVER PREPARATION FAILURE with case value “Invalid MME Group ID”. Since HeNB does not know the MME pools serving the UE, so this cause value does not help the HeNB to make decision for further HO attempt to eNB2. The X2 handover failure rate could be high. If UEs are evenly served by both MME pools, then in average, 50% of the X2 HO to eNB2 could fail (?).

Note 1: if HeNB-GW think an X2 HO is possible, HeNB-GW may need to modify the GUMMEI in the X2 HANDOVER REQUEST message, since only HeNB-GW have the correct GUMMEI information.

Note 2: current stage-2 only says HeNB-GW relay the S1 control plane data, but is not clear whether it can modify some fields. So a CR may be needed. 
· Option 2: partial enhancement: HeNB-GW tell HeNB the selected MME for the UE

When the HeNB-GW select the specific MME for the UE, HeNB-GW tell HeNB the selected MME via the S1 procedure (maybe new procedure, or new IE. It is FFS). HeNB1’s procedure is almost the same as Option 1. But since HeNB1 know the MME pool serving the UE, so when it receives the HANDOVER PREPARATION FAILURE message, it could know that the current MME pool is not supported by target eNB. HeNB1 can then avoid using X2 HO for further HO attempt if the UE is served by this MME pool. This still have one issue if eNB2 connects to MME pool #1 later. In macro system, eNB2 uses eNB Configuration Update procedure to notify neighbouring eNBs. But there is no way for eNB2 to tell HeNB1 for this update. So HeNB1 does not know when it can retry the X2 HO to eNB2.

· Option 3: full enhancement: HeNB-GW tell HeNB the selected MME for the UE, and the MME pools that target eNB belong to

This option is similar to Option 2, but with additional enhancement for HeNB-GW to tell HeNB the MME pool that target eNB belongs to. So HeNB can determine whether the X2 HO is possible. 

In a summary,

	
	Option 1: no enhancement
	Option 2: partial enhancement
	Option 3: full enhancement

	GUMMEI Processing in HeNB-GW
	HeNB-GW may need to modify the GUMMEI in the X2 HANDOVER REQUEST message
	No. 

Since HeNB has the correct GUMMEI
	No.

Since HeNB has the correct GUMMEI

	Impact to S1 procedure
	No
	Yes

HeNB-GW tell HeNB the MME serving the UE
	Yes

HeNB-GW tell HeNB the MME serving the UE

	Impact to X2 procedure
	No
	No
	Yes

HeNB-GW tell HeNB the GU Group ID information of neighbouring eNB

	Miss the chance to use X2 HO when the target eNB is updated to connect to the same MME pool as used by source HeNB-GW
	No

Since HeNB always try X2 HO
	Yes

HeNB may have an implementation to periodically try the X2 HO, but the possibility to miss the X2 HO still exist
	No

	Failure rate of X2 HO due to invalid MME Group ID
	high
	low
	Very low


Since the issue is very similar to relay system, a common solution is required to support relay and HeNB on GU Group ID information.

In the contribution ([4]) for relay, our proposals are: 

Proposal 1: RAN3 choose option 2 or option 3.

If RAN3 decided to adopt Option 1, 

Proposal 2: it shall allow HeNB-GW to modify the GUMMEI in the X2 message.
3   X2 availability

When the X2-GW is used to enhance the eNB-HeNB mobility, there is no X2 between the eNB and HeNB. Instead, the X2 is setup between the eNB and HeNB-GW, and between HeNB-GW and HeNB. So before the node try to initiate the X2 HO, it need to know whether there is X2 between the HeNB-GW and the target node. In detail, it applies to eNB and HeNB:
· During eNB ( HeNB mobility: eNB need to know whether the X2 is available between HeNB-GW and the HeNB. This is similar to eNB need to know whether X2 is available between DeNB and RN in relay.
· During HeNB ( eNB mobility: HeNB need to know whether the X2 is available between HeNB-GW and the eNB. This is similar to RN need to know whether X2 is available between DeNB and eNB in relay.
As discussed in relay, the X2 setup procedure, and eNB configuration update procedure could be used to indicate whether the X2 is available between HeNB-GW and target node. Below is an example on how to support the eNB – HeNB mobility (Note: It is a stage-3 issue on how to indicate the X2 availability in the X2 Setup procedure, and eNB Configuration update procedure)
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1. HeNB2 and HeNB3 setup X2 with HeNB-GW. HeNB4 does not have X2 with HeNB-GW. 

2. eNB1 detects HeNB2, HeNB3, and HeNB4. eNB1 uses TNL address discovery procedure towards HeNB2, and get the heNB-GW’s X2 address.
3. eNB1 initiate X2 setup with HeNB-GW. The X2 SETUP REQUEST message indicates the neighbouring cells HeNB2, HeNB3, and HeNB4.
4. HeNB-GW replies with X2 SETUP RESPONSE message. Since HeNB-GW knows that it acts as a proxy for HeNB2, HeNB3, and HeNB4, so it includes the X2 availability information containing the HeNBs which have X2 with HeNB-GW. In this case, it includes HeNB2 and HeNB3. Upon receive the X2 Setup Response message, eNB1 knows that it can use X2 HO towards HeNB2 and HeNB3, but not HeNB4.
Note: it is a stage-3 issue on how to indicate the X2 availability in the X2 messages.

5. HeNB-GW initiates eNB configuration update procedure to HeNB2 for newly added eNB1 who have the X2 with the HeNB-GW.

6. HeNB2 replies with ACK.
7. HeNB-GW initiates eNB configuration update procedure to HeNB3 for newly added eNB1 who have the X2 with the HeNB-GW.

8. HeNB3 replies with ACK

9. When the eNB1 want to initiate a HO to HeNB2, or HeNB3, or HeNB4, it knows that X2 HO can be used for HeNB2 and HeNB3, but not for HeNB4.

10. When the HeNB3 want to initiate a HO to eNB1, it knows that eNB1 have X2 with HeNB-GW, so HeNB3 can try X2 HO.
Since the issue is very similar to relay system, a common solution is required to support relay and HeNB on X2 availability information.

Proposal 1: RAN3 to research a common solution for relay and HeNB for HO Type determination, more specifically,

· The GU Group ID information. Does HeNB need to know the GU Group ID information that is used by the UE, and the one supported by target eNB?

· X2 availability. How does the source eNB (or HeNB) know whether X2 is available between HeNB-GW and target HeNB (or eNB)

4   Conclusion
In this contribution, we analyses the HO Type determination issues for enhanced eNB-HeNB mobility. Considering the issues are the same for relay and HeNB, we propose to consider a common solution for relay and HeNB.
Proposal 1: RAN3 to research a common solution for relay and HeNB for HO Type determination, more specifically,

· The GU Group ID information. Does HeNB need to know the GU Group ID information that is used by the UE, and the one supported by target eNB?

· X2 availability. How does the source eNB (or HeNB) know whether X2 is available between HeNB-GW and target HeNB (or eNB)
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