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1
Decision/action requested

The group is required to discuss the measurements for intra-frequency handover. If the technical content is agreed, it shall be adapted to SA5 measurement template in order to be included in E-UTRAN Performance Measurement TS.
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3
Rationale

Based on the SA5 use cases “Handover Optimization” and “Optimisation of the neighbourhood list” [3], monitoring intra-frequency handovers is needed to help operator to evaluate the intra-frequency handover quality and find out the reason for handover failures. The operator can then make further decision based on this information.
The following measurements are related to intra-frequency handovers, and could be used in the scenarios described below:
1. Attempted intra-frequency outgoing handovers
2. Successful intra-frequency incoming handovers
3. Radio link failures after successful intra-frequency incoming handovers
4. RRC re-establishments and establishment after radio link failure

5. Failed RRC establishments during intra-frequency outgoing handovers
6. Fast intra-frequency outgoing handovers
7. Immediate handovers after RRC establishments for transition from Idle to Active mode

8. Suitable neighbours 

Intra-frequency Handover measurements 

As illustrated in Figure 1, the measurement attempted intra-frequency outgoing handovers aims at measuring how many attempted outgoing handover have been made during the intra-frequency handover process from cell A to cell B.

The measurement successful intra-frequency incoming handovers aims at measuring how many successful incoming handovers have been made during the intra-frequency handover process from cell A to cell B.

Based on the previous measurements, the successful or failure rate of handovers between two cells could be calculated, which is a significant Key Performance Indicator as it was in UMTS network.
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Figure 1: Handover between two cells

Measurements related to too early or too late handover
Performing an early handover increases the risk of problems (e.g. radio link failure in target cell and ping-pong handover). If the handover is performed too late, a radio link failure in the source cell may occur. The best time to perform the handover is when the probability for radio link failure is as low as possible.

As illustrated in Figure 2, the measurement radio link failures after successful intra-frequency incoming handovers can be used to identify if the successful outgoing handovers was made too early. 
Meanwhile, the measurement RRC re-establishments and establishment after radio link failure is used to understand if the RRC connection was established too late as explained in Figure 2 as well. In that case, the UE has been connected to the source cell for at least more than the regular handover dwell time. The UE’s connection to the source cell is interrupted due to radio link failure and the UE immediately connects to a target cell.
The measurement failed RRC establishments during intra-frequency outgoing handovers aims at measuring the access failure of the UE to the target cell. If the access to the target cell is not successful, the UE is not able to connect to the target cell, and the target cell is never aware that the UE was attempting to access it. The UE may manage to reconnect to the network through the old cell or until it has moved into the coverage of a third one. This measurement is also used to evaluate too early handovers. On the basis of the statistics, optimization of handover decision parameters can be done.


Figure 2: Handover too early or too late.

Fast intra-frequency outgoing handovers
The counter fast intra-frequency outgoing handovers provides the number of fast intra-frequency outgoing handovers. As explained in Figure 3, a fast handover means the hand over spanning more than two cells. The UE stayed in Cell A for a period of time larger than regular handover dwell time and then was handed over from source Cell A to a target Cell C. Shortly after this handover, the UE hands over to its next target Cell B. The UE stays in Cell C only in a period of time shorter than regular handover dwell time. In the above case, the stated handover can be made simple provided that the Cell A directly hands over to Cell B if the coverage of them is allowed. This measurement is also used to measure too early handovers (e.g. from Cell A to target Cell C). On the basis of the statistics, optimization of handover parameters can be done.










Figure 3: Fast handover spanning three different cells 

Immediate handovers after RRC establishments for transition from Idle to Active mode

The measurement immediate handovers after RRC establishments for transition from Idle to Active mode provides the number of immediate intra-frequency outgoing handovers after connection establishment. This kind of immediate handover from one cell to another one on the transition from Idle to Active state (depicted in Figure 4) implies unreasonable configuration of cell (re)selection parameters and handover parameters, which results in imbalance between Idle to Active state with extra signalling introduced. Therefore it is important for the network to understand this situation and adjust the relevant parameters accordingly.





Figure 4: Transition from Idle to Active state with fast cell change

Suitable neighbours

The intention to count suitable neighbours is to measure the number of re-establishments, where it can be suspected that the cell where the UE re-establishes the connection may be a suitable neighbour cell to the cell where the UE was previously connected. This measurement should be conducted for each cell. The counter for suitable neighbour could be used to reduce the offset values or remove the cell from the list of forbidden cells.
4
Conclusion

It is proposed that the measurements for intra-frequency handover introduced in this contribution will be included in the E-UTRAN Performance Measurement TS. If this agreed, a contribution for this purpose will be provided for next meeting.
1. Attempted intra-frequency outgoing handovers
2. Successful intra-frequency incoming handovers
3. Radio link failures after successful intra-frequency incoming handovers
4. RRC reestablishments and establishment after radio link failure

5. Failed RRC establishments during intra-frequency outgoing handovers
6. Fast intra-frequency outgoing handovers
7. Immediate handovers after RRC establishments for transition from Idle to Active mode
8. Suitable neighbours
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(3b). UE in Connected mode Mode
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A single handover from Cell A directly to Cell B is desirable.





Successful intra-frequency incoming handover 
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