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1   Introduction
The last RAN3 meeting discussed the neighbouring cell handling, and HO Type determination. In this paper, we summarize the main points, and propose a way forward.
Note: many words are copied from the related contributions submitted to June Adhoc Beijing meeting.
2   Neighbouring cell handling

The issue is mainly related to how RN can know whether the X2 is available between its DeNB and the neighboring eNB. In the below example, DeNB1 have X2 connection with eNB1, but not with eNB2. In order for RN1 to make a decision on HO Type, RN1 need to know whether DeNB1 have X2 with target eNB.
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Figure 1: deployment example
In the last RAN3 meeting, there is no objection to let RN to know the X2 availability between its DeNB and the neighboring eNB. But the issue is how.

Motorola ([3]):
Proposal 2: 

· During the X2 setup procedure or eNB configuration update procedure towards a RN, the DeNB includes the RN’s neighbouring cell in the Served Cell Information field if this cell’s eNB have X2 connection with the DeNB.
Ericsson ([4]):
During X2 interface setup between RN and DeNB, the DeNB could send to the RN the list of eNBs (Global eNB IDs) with which it has set up X2. For this purpose, an appropriate IE could be added to the X2 SETUP REQUEST / X2 SETUP RESPONSE messages (in principle, X2 setup could be initiated by the RN or by the DeNB), as well as to the eNB CONFIGURATION UPDATE message (to be used by the DeNB to communicate updates to the X2 connections list). 

Qualcomm ([8]):
Message received at RN: For the ENB CONFIGURATION UPDATE message received the RN, the message contents will look somewhat different in terms of the Served Cell Information contained in the message. The cells contained in this message normally have CGIs that map the same eNB ID. However, in case of RN, due to the proxy function in the DeNB, there will also be cells of neighbour eNBs with CGIs mapping to different eNB IDs. The RN implementation has to make sure that it can deal with this unusual structure of the Served Cell Information, however, no specification changes are needed.

Nokia Siemens Networks ([9]):
A further observation concerning the procedure in Figure 1 is that the eNB CONFIGURATION UPDATE procedure from DeNB to RN, including the newly discovered neighbour eNB, can be used as a way to confirm that the X2 interface between DeNB and neighbour eNB has been established. Namely, absence of the newly discovered neighbour eNB will imply that the X2 establishment has failed and therefore mobility to the neighbour eNB from the RN has to be based on S1 procedures.

Table 1 Which procedure is used to tell RN
	
	Company
	Comments

	X2 Setup procedure and eNB Configuration procedure
	Motorola, Ericsson, Mitsubishi
	

	Only via eNB Configuration Update procedure
	NSN, Qualcomm
	


Table 2 How to indicate the X2 availability in above procedures

	
	Company
	Comments

	Via the Served Cell Information IE
	Motorola, Qualcomm, Mitsubishi
	

	Via a new IE
	Ericsson
	

	Via the Neighbour Information IE
	NSN
	


In a summay, … (TBD)
3   NRT

The RAN3 agreed WA: It is assumed that RN O&M and DeNB O&M systems are different and it is assumed that they do not communicate with each other.
This is related how RN get its NRT attribute, more specifically, the “No HO” attribute. Note: The “No X2” attribute is not needed, since RN could know whether the X2 is available via the procedures described in Section 2  
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Huawei ([5]):
Conclusion 1: In order to know the RN can initial handover over Un interface, the RN shall know whether the neighbour relation between the DeNB and the neighbour eNB(s) associated with the RN can be used by DeNB for Handover. I.e. DeNB needs to send the “no HO” info between DeNB and neighbour eNBs to RN.

Conclusion 2: In order to choose the handover type (i.e. S1/X2 HO), the RN shall know the availability of the X2 interface between the DeNB and the target eNB. I.e. DeNB needs to send the “no X2” info between DeNB and neighbour eNBs to RN.

CATT ([10]):
Proposal 1：The RN needs to maintain the NRT attributes of its neighbour cells, which include ‘No X2’,‘No HO’ and ‘No Remove’.
Proposal 2：The RN acquires the NRT attributes of its neighbour cells by it’s own O&M, and  the DeNB serving the RN acquire the ‘No X2’  attribute of the RN directly by the DeNB’s own O&M.

Motorola:
The NRT attribute is either defined by O&M, or set to default value. We should allow the RN’s O&M to set the NRT attribute. Ideally, the NRT attributes in the RN and its DeNB are consistent. The issue only happens when the NRT attribute in the RN and its DeNB are inconsistent. When the inconsistent happens, an alarm shall be send to OAM to let the technician know and fix it. In addition, when the inconsistency happens, not sure whether we assume DeNB always have the correct NRT attribute. 
Table 3 How can RN get the “No HO” attribute
	
	Company
	Comments

	DeNB send the “No HO” information to RN
	Huawei, Mitsubishi
	

	RN acquire the NRT attribute from its own O&M
	CATT, Motorola
	


In a summary, … (TBD)
4   GU Group ID information

The last RAN3 meeting briefly discussed the issues mentioned in ([5], [7]), but it seems that most companies are not clear on the issue. Here we describe the issues in detail. 

4.1   Background: 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 RN and eNB.

4.2   X2 HO in relay system
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Figure 1: deployment example

In above example, DeNB connect to MME pool #1 and MME pool #2. The neighbouring eNB2 only connect to MME pool #2. When the UE attaches to RN1, the DeNB performs MME selection. The DeNB could choose MME from MME Pool #1, or pool #2, since both pools support the Tracking Area #12. In this example, DeNB 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: RN does not know the actual MME serving the UE. 

From the RN’s perspective, its DeNB is the only “MME” that it can use. The DeNB performs MME selection for the UE. RN1 does not know which MME/MME pool is serving UE1 and UE2.

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

The X2 setup procedure is performed between eNB2 and DeNB, and between DeNB and RN1. RN1 does not have the GU Group information of eNB2. Even DeNB could tell RN1 whether the X2 is available between DeNB and eNB2, but this does not tell RN1 the GU Group ID information of eNB2. The “X2 availability” information does not really help RN1 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 RN1 needs to initiate a HO to eNB2, RN1 always first try the X2 HO. Since DeNB knows which MME pool is serving the UE, and the MME pools that target eNB belong to, so DeNB can know whether the X2 HO is possible. If not, DeNB send HANDOVER PREPARATION FAILURE with case value “Invalid MME Group ID”.  Since RN does not know the MME pools serving the UE, so this cause value does not help the RN 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: if DeNB think an X2 HO is possible, DeNB may need to modify the GUMMEI in the X2 HANDOVER REQUEST message, since only DeNB have the correct GUMMEI information.

· Option 2: partial enhancement: DeNB tell RN the selected MME for the UE

When the DeNB select the specific MME for the UE, DeNB tell RN the selected MME via the S1 procedure (maybe new procedure, or new IE. It is FFS). RN1’s procedure is almost the same as Option 1. But since RN1 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. RN1 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 RN1 for this update. So RN1 does not know when it can retry the X2 HO to eNB2.

· Option 3: full enhancement: DeNB tell RN 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 DeNB to tell RN the MME pool that target eNB belongs to. So RN 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 DeNB
	DeNB may need to modify the GUMMEI in the X2 HANDOVER REQUEST message
	No. 

Since RN has the correct GUMMEI
	No.

Since RN has the correct GUMMEI

	Impact to S1 procedure
	No
	Yes

DeNB tell RN the MME serving the UE
	Yes

DeNB tell RN the MME serving the UE

	Impact to X2 procedure
	No
	No
	Yes

DeNB tell RN 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 DeNB
	No

Since RN always try X2 HO
	Yes

RN 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


Proposal 1: RAN3 choose option 2 or option 3.

If RAN3 decided to adopt Option 1, 

Proposal 2: it shall allow DeNB to modify the GUMMEI in the X2 message.
In a summary, …. (TBD)
5   Way Forward
1. First we propose to agree that RN know whether its DeNB have X2 with the target eNB, via the X2 Setup procedure and eNB Configuration Update procedure.
2. Then we propose to discuss 

· How to indicate the available of X2 between the DeNB and the neighboring eNB in X2 Setup procedure, and eNB Configuration Update procedure. 
· How RN get the NRT attribute

· Whether RN need to know the MME serving the UE

· Whether RN need to know the GU Group ID information of target eNB
6   Text Proposal
It is proposed to capture following text into TS36.300

--------------Text Proposal--------------

Will be added after offline discussion
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