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1   Introduction
The HO Type determination is listed as an open issue in last RAN3 meeting. This contribution analyse the problems, and propose a simple solution to solve it.
2   Introduction 
The issue for HO type determination occurs for following two scenarios: 
· When the macro eNB want to initiate a HO to a RN, the macro eNB may not know whether the X2 HO is possible towards the RN.

· When the RN want to initiate a HO to a macro eNB, the RN may not know whether the X2 HO is possible towards the macro eNB. ([4])
Before we study this issue, we need to take a look at how it works in a macro system. In macro system, the source eNB also needs to determine whether it can initiate an X2 HO to a target eNB. Let’s first assume that MME is unchanged for these mobility scenarios, which is a basic prerequisite for X2 HO.
In a macro system, the source eNB can initiate an X2 HO to a target cell if following conditions are met

· The “No X2” attribute in the NRT is unchecked.

· There is an X2 connection with an eNB who reported the target cell as its Served Cell in X2 Setup procedure, or eNB configuration update procedure. If the target cell is not included in Served Cell IE in X2 SETUP REQUEST/RESPONSE, and X2 ENB CONFIGURATION UPDATE messages, then the source eNB cannot initiate an X2 HO to this target cell.
Current relay architecture is “Proxy S1/X2”. The RN can only have X2 connection with DeNB. Having the DeNB acting as an X2 proxy means that:

· From a RN’s perspective, the neighbouring cell can be considered as a cell of the RN’s DeNB. 
When the RN wants to send an X2 message to a neighbouring cell, it sends the X2 message to its DeNB via the X2 connection between the RN and its DeNB.
· From a macro eNB’s perspective, the neighbouring RN can be considered as a cell of the RN’s DeNB. 
When the macro eNB want to send an X2 message to a neighbouring RN, it sends the X2 message to the target eNB which “serves” this RN. In this case, the target eNB is the RN’s DeNB. The X2 message from the macro eNB is only sent to the RN’s DeNB via the X2 connection between the macro eNB and the RN’s DeNB, rather directly to the RN.
· From a DeNB’s perspective, the neighbouring RN is either its own cell, or can be considered as another DeNB’s cell.
When the DeNB want to send an X2 message to a neighbouring RN, 
· If the RN is under the DeNB, then the DeNB send the X2 message directly to the RN via the X2 connection between the RN and the DeNB.

· If the RN is under another DeNB, then the X2 message from the DeNB is sent to the target DeNB via the X2 connection between the source DeNB and target DeNB.

The 2nd item above is already captured in TR 36.806 Figure 4.2.4.3-2 ([1]). When the target eNB receive the X2 Handover Request, target eNB believes as if the UE is coming from a cell under the DeNB.


[image: image1.emf] 

RN

donor eNB

+ “X2 home eNB GW”

UE

SGW/PGW

(UE)

target

eNB

X2-AP-UE

: Handover Request

X2-AP-UE

: Handover Request

X2-AP-UE

: Handover Request Ack.

X2-AP-UE

: Handover Request Ack.

RRC-UE

: Handover Command

Packet forwarding

RRC-UE

: Handover Complete

X2-AP-UE

: UE Context Release

X2-AP-UE

:UE Context release

Target eNB believes as if the UE is coming 

from a cell under the DeNB.

Path switch

RRC-UE

: Measurement report

RN has X2 connection to DeNB only, 

all HO requests are sent to DeNB

DeNB finds the target eNB

corresponding to the target cellID

and forwards the X2 msg.

X2-AP-UE

: SN Status Transfer

X2-AP-UE

: SN Status Transfer

RN

donor eNB

+ “X2 home eNB GW”

UE

SGW/PGW

(UE)

target

eNB

X2-AP-UE

: Handover Request

X2-AP-UE

: Handover Request

X2-AP-UE

: Handover Request Ack.

X2-AP-UE

: Handover Request Ack.

RRC-UE

: Handover Command

Packet forwarding

RRC-UE

: Handover Complete

X2-AP-UE

: UE Context Release

X2-AP-UE

:UE Context release

Target eNB believes as if the UE is coming 

from a cell under the DeNB.

Path switch

RRC-UE

: Measurement report

RN has X2 connection to DeNB only, 

all HO requests are sent to DeNB

DeNB finds the target eNB

corresponding to the target cellID

and forwards the X2 msg.

X2-AP-UE

: SN Status Transfer

X2-AP-UE

: SN Status Transfer


Figure 1 – “Figure 4.2.4.3-2: X2 handover from RN to target eNB – Alt 2 (TR36.806)”
We propose to capture the following text in the stage-2. 
Proposal 1: 
· From a RN’s perspective, the neighbouring cell can be considered as a cell of the RN’s DeNB. 

· From a macro eNB’s perspective, the neighbouring RN can be considered as a cell of the RN’s DeNB. 

· From a DeNB’s perspective, the neighbouring RN is either considered as its own cell, or can be considered as another DeNB’s cell.
Accordingly, the Served Cell IE used in the X2 Setup procedure, and eNB configuration update needs to reflect proposal 1.

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.
· During the X2 setup procedure or eNB configuration update procedure towards a macro eNB, the DeNB includes its RNs in the Served Cell Information field. 
· During the X2 setup procedure or eNB configuration update procedure towards a DeNB, the originating DeNB includes its RNs in the Served Cell Information field. 
3   HO Type determination
In considering the above analysis on what the proxy X2 means, it is quite straightforward for the source eNB to determine the HO type. The source eNB or RN can use the same method as used in macro system, i.e. the source eNB can initiate an X2 HO to a target cell if there is an X2 connection with an eNB who reported the target cell as its Served Cell in X2 Setup procedure, or eNB configuration update procedure.
Here is an example for HO type determination in considering a new RN, i.e. RN1, is added.
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Figure 2 – deployment example (RN1 is added)
In this example, eNB1 only have X2 connection to DeNB2, but not to DeNB1. The detailed procedure is given below:
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Figure 3 – HO Type determination after RN1 is added

1. DeNB1 have X2 connection with RN2 and DeNB2. From DeNB1’s perspective, the RN3 is considered as a cell under DeNB2. 

2. eNB1 only have X2 connection with DeNB2. From eNB1’s perspective, the RN3 is considered as a cell under DeNB2.
3. RN1 power up, and detects RN2, RN3, eNB1 and DeNB2 as its neighbouring cells.

4. RN1 initiate X2 setup with DeNB1. The X2 SETUP REQUEST message indicates the neighbouring cells RN2, RN3, eNB1, and DeNB2.

5. DeNB1 replies with X2 SETUP RESPONSE message. Since DeNB1 knows that it acts as a proxy for RN2, RN3, and DeNB2, so it includes RN2, RN3 and DeNB2 in the Served Cell IE. DeNB1 does not have X2 connection with eNB1, so it indicates eNB1 as a neighbouring cell. Upon reception the X2 SETUP RESPONSE message, RN1 knows that it can initiate X2 HO to RN2, RN3, and DeNB2, but can only use S1 HO for eNB1.

6. DeNB1 initiates eNB configuration update procedure to RN2 for newly added RN1 as its new cells.
7. RN2 replies with ACK

8. DeNB1 initiates eNB configuration update procedure to DeNB2 for newly added RN1 as its new cells.

9. DeNB2 replies with ACK

10. When the RN1 want to initiate a HO to RN2, or RN3, or DeNB2, it knows that they are DeNB’s served cell, so RN1 can use X2 HO.
11. When the RN1 want to initiate a HO to eNB1, it knows that it is not DeNB’s served cell, and have no X2 information for eNB1, so RN1 can only use S1 HO.

12. When the eNB1 want to initiate a HO to RN3, it knows that it is a cell under DeNB2, and it has an X2 connection with DeNB2, so it can use X2 HO.

13. When the eNB1 want to initiate HO to RN1, it does not have the X2 information for this cell, so it can only use S1 HO.

Proposal 3: The source eNB can initiate an X2 HO to target cell if there is an X2 connection with an eNB who reported the target cell as its Served Cell in X2 Setup procedure, or eNB configuration update procedure. Otherwise, the source eNB can only use S1 HO. 
4   Conclusion
In this contribution, we analyses the background for HO type determination, and propose to reuse the HO type determination as used in macro system for relay
Proposal 1: 
· From a RN’s perspective, the neighbouring cell can be considered as a cell of the RN’s DeNB. 

· From a macro eNB’s perspective, the neighbouring RN can be considered as a cell of the RN’s DeNB. 

· From a DeNB’s perspective, the neighbouring RN is either considered as its own cell, or can be considered as another DeNB’s cell.

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. 

· During the X2 setup procedure or eNB configuration update procedure towards a macro eNB, the DeNB includes its RNs in the Served Cell Information field. 
· During the X2 setup procedure or eNB configuration update procedure towards a DeNB, the originating DeNB includes its RNs in the Served Cell Information field. 
Proposal 3: The source eNB can initiate an X2 HO to target cell if there is an X2 connection with an eNB who reported the target cell as its Served Cell in X2 Setup procedure, or eNB configuration update procedure. Otherwise, the source eNB can only use S1 HO.
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