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1 Introduction
RAN3 has discussed use cases of eNB measurements. This document elaborates the necessity of load information exchange on X2 interface for handover decision purpose. This paper proposes to specify an eNB measurement that is useful to perform efficient handover decision.
2 Discussion
2.1 Use case description
In an inter-eNB handover procedure, the source eNB will decide to perform handover preparation to the target eNB based on MEASUREMENT REPORT transmitted by the UE. If the highest ranked cell listed in the MEASUREMENT REPORT is congested and cannot admit incoming calls especially real-time service calls, the source eNB will perform handover preparation to the cell with the next highest rank. On the other hand, if the source eNB have the load knowledge of its neighbors eNBs, it will able to efficiently decide to which cell the handover should be performed. Therefore, the source eNB needs to perform handover decision considering load information. 
Hence, basically there are two solutions for the source eNB to know whether the highest ranked cell can admit the incoming call as follows:
· Solution 1: Define load information exchange on X2 as a common measurement,
· Solution 2: Reply HANDOVER PREPARATION FAILURE from the target eNB on handover preparation phase.

The solution 1 shown in Figure 1 needs following steps:

1. Each eNB reports load information as a COMMON MEASUREMENT periodically or in event triggered manner. For instance, the target eNB 1 with cell 1 is congested and cannot admit incoming real-time service calls, whereas the target eNB 2 with cell 2 can afford to admit incoming calls.

2. The active UE with a real-time service transmits the MEASUREMENT REPORT to trigger handover. It is assumed that the cell 1 of the target eNB 1 ranks as the highest candidate and the cell 2 of the target eNB 2 ranks as the next highest candicate.

3. The source eNB receives the MEASUREMENT REPORT transmitted by the UE. It decides to transmit HANDOVER REQUEST to the cell 2 of the target eNB2 because it has the knowledge that the cell 1 of the target eNB 1 cannot admit incoming real-time service calls even though the cell 1 ranks as the highest candicate.
4. The source eNB receives the HANDOVER REQUEST ACKNOWLEDGE and completes the handover preparation phase.
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Figure 1: Handover procedure in solution 1.
The solution 2 shown in Figure 2 needs following steps:

1. The active UE with a real-time service transmits the MEASUREMENT REPORT to trigger handover. It is assumed that the cell 1 of the target eNB 1 ranks as the highest candidate and the cell 2 of the target eNB 2 ranks as the next highest candicate.
2. The source eNB receives the MEASUREMENT REPORT transmitted by the UE. It decides to transmit the HANDOVER REQUEST to the cell 1 of the target eNB 1.

3. The cell 1 of the target eNB 1 replies the HANDOVER PREPARATION FAILURE to the source eNB since the cell 1 of the target eNB 1 cannot admit the incoming real-time service calls.

4. The source eNB decides to change a target cell and transmits the HANDOVER REQUEST to the cell 2 of the target eNB 2.

5. The cell 2 of the target eNB 2 admits the incoming call and replies the HANDOVER REQUEST ACKNOWLEDGE.
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Figure 2: Handover procedure in solution 2.

2.2 Measurement item for ‘load information’
‘Load’ in this use case is defined as the usage rate of used physical resource blocks (PRBs). It is beneficial to define and measure a ‘load’ as such because the definition is clear and the difference between vendors is none.
Therefore, this paper proposes to to use the usage rate of used PRBs in UL/DL (at least for real-time service) as the definition of load.

Proposal 1: The usage rate of used PRBs in UL/DL (at least for real-time service) as the definition of load should be used.
2.3 Comparison
In the solution 1, the decision to which target eNB a handover preparation should be performed is taken based on the load information exchange. Therefore, the solution 1 realises shorter delay in handover preparation phase. Meanwhile, the solution 1 needs to define a new eNB measurement for load information. Since the usage rate of the used PRBs can be defined clearly and the difference between vendors is none, impacts on defining load information as a new eNB measurement will be small.
In solution 2, the source eNB has to access the target eNB based on UE measurement on every handover decision without knowing the load status of that target eNB, because today there are no mechanism for one eNB to be aware of the load status of its neighbouring eNBs. The target eNB has to respond to each handover request message regardless of congestion state and this will increase the processor load and signalling traffic on the X2 interface. The source eNB retries handover preparation to another eNB and this causes longer delay in handover preparation phase.
Table 1 lists Comparison between solution 1 and solution 2.
Table 1: Comparison between solution 1 and solution 2.

	
	Pros
	Cons

	Solution 1
	Shorter delay in handover preparation phase
	New eNB measurement definition is needed.

	Solution 2
	Existent procedure can be used.
	Longer delay in handover preparation phase.
Processor load in the target eNB and X2 signalling traffic will increase.


From the above comparison, the solution 1 will increase the likelihood of a successful handover preparation against an impact of new eNB measurement definition. Therefore, the solution 1 is preferable.
Proposal 2: Solution 1 to define load information exchange on X2 as a common measurement is preferable.
3 Conclusion and Proposal
The paper discussed to specify an eNB measurement used to perform efficient handover decision.

We propose the followings:
· To agree on the use case described in section 2.1 
· To agree that the usage rate of used PRBs in UL/DL (at least for real-time service) as the definition of load should be used;
· To agree on solution 1: to define load information exchange on X2 as a common measurement..
Template for eNodeB measurement/signalling standardization:
Name of the intended measurement/signalling:
Description of the underlying scenario:


Essence of knowledge that needs to be gathered by this measurement/signalling:

References to the use case:


Classify relevant group for standardizing the definition of the measurement:


Indicate interface on which measurement/signalling is visible:


Type of reporting:


Definition of the measurement/signalling (owner as indicated in 4):


Accuracy and granularity and measurement period (for physical measurements to be decided by RAN4):


Usage rate of used PRBs (at least for real-time service) in UL/DL








Periodical reporting case


The eNB measures per cell the usage rate of used PRBs in UL/DL over a time period that is configurable via the OAM. 


This value is periodically reported to neighbour eNBs via the X2 interface according to a time period configurable via OAM.





Event triggered congestion reporting case


The eNB measures per cell the usage rate of used PRBs in UL/DL over a time period that is configurable via the OAM.


This value is compared with a predefined congestion threshold that is configurable via the OAM.


If this value is above the predefined congestion threshold during a predefined period that is configurable via OAM.


Then, the eNB exchange this value with neighbour eNBs via the X2 interface.





 Event triggered non-congestion reporting case


The eNB measures per cell the usage rate of used PRBs in UL/DL over a time period that is configurable via the OAM.


This value is compared with a predefined non-congestion threshold that is configurable via the OAM.


If this value is below the predefined non-congestion threshold during a predefined period that is configurable via OAM.


Then, the eNodeB exchange this value with neighbour eNodeBs via the X2 interface.





Information about the radio resource load of the cell
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The usage rate [%] or other indicator (e.g. Overloaded / Not overloaded) shall be exchanged on:


X2 interface





Event triggered or Periodic reporting





The measurement to be transferred on X2 interfaces is the usage rate of used PRBs (at least for real-time service) in UL/DL. It is measured per cell. The period to measure this value shall be configurable via the OAM.


































































































