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1 Introduction

The current status with respect to UE measurements is that RAN1 has specified the following three UE measurement quantities to support mobility in LTE system [1]: 

· RSRP

· RSRQ (= RSRP/RSSI)

· E-UTRA carrier RSSI

RAN4 is in the process of specifying the performance requirements of the above measurement quantities. In order to ensure that RAN4 requirements are useful in practical mobility scenarios, better understanding of how these measurement quantities will be used is needed [2].  

The aim of this document is to analyze the need of different types of measurements including the ‘quality’ metric. There has been proposal to redefine the ‘quality’ measurement (RSRQ). The impact of different definitions of RSRQ is analyzed in a separate contribution [3].

2 Mobility Scenarios
The mobility scenarios are listed below in the order of priority in terms of defining requirements as agreed according to the RAN4 work plan:

A)
Intra-frequency mobility:

Intra-frequency cell reselection

Intra-frequency handover

B)
Inter-frequency mobility:

Inter-frequency cell reselection 

Inter-frequency handover

C)
Inter-RAT mobility:

Inter-RAT cell reselection

Inter-RAT handover
3 Use Cases of Mobility Measurements

A.1
Intra-frequency cell reselection

A.1.1
Triggering of cell reselection measurements 

Here the triggering implies when UE starts measuring on target cells (i.e. non serving cells). The triggering is based on serving cell signal strength and signal quality, i.e. when one or both of these quantities fall below the respective thresholds. 

Since triggering is based on the absolute thresholds therefore results based on RSRP and RSRQ would differ. Due to this reason both RSRP and RSRQ from the serving cell are needed for triggering of cell reselection.
A.1.2.
Execution of cell reselection  
The execution means when UE selects the target cell. This is based on comparison between the serving cell and the target cells’ signal strength and/or signal quality depending upon the scenario. 

Since execution is based on relative decisions it is likely that comparison based on RSRP and RSRQ would not differ if UE samples the serving and target cells around the same time. Therefore, one of it could be used for the execution.  This means either RSRP or RSRQ is used for cell reselection execution. 

A.2
Intra-frequency handover
A.2.1
Triggering of handover measurements 

Unlike in idle mode, in connected mode the UE measures on the target cells irrespective of the serving cell quality. However, the UE should still be able to report events based on absolute level on its serving cell. Therefore, by triggering refers to the possibility of getting event reports from the UE prior to the actual execution of handovers.  

Therefore, both RSRP and RSRQ from the serving cell are needed to trigger the intra-frequency handover. 
A.2.2
Execution of cell reselection  
The handover execution phase refers to the selection of the target cell. This decision is based on comparison between the serving and the target cells. Therefore, as in case of cell reselection, RSRP or RSRQ could be used. 

B.1
Inter-frequency cell reselection

B.1.1
Triggering of cell reselection measurements 

The triggering has similar meaning as in section A.1.1, except the triggering thresholds are different for intra-frequency and inter-frequency cell reselections. 

Because the triggering is based on the absolute thresholds, which means results based on RSRP and RSRQ would differ. Therefore, both RSRP and RSRQ from the serving cell on the serving carrier frequency are needed for triggering of cell reselection.
B.1.2
Execution of cell reselection  
The execution means UE selects the target cell. This is based on comparison between the serving cell (on the serving carrier frequency) and the target cells’ signal strength and/or signal quality depending upon the scenario. 

Execution in most scenarios is likely to be based on relative comparison between the serving and target cells, which are on different frequencies. However in some cases execution may have to be done on absolute levels, e.g. serving and target cells belonging to frequency bands that give large difference in correlation properties. 

This means overall both RSRP and RSRQ are used for cell reselection execution. 
B.2
Inter-frequency handover

There are two main scenarios to be considered:
· Handovers between non co-located IF cells 

· Handovers between co-located IF cells
Handovers between non co-located IF cells: 

B.2.1
Triggering of handover measurements 

Here triggering implies when the UE starts the gap-assisted measurements, i.e. when it starts measuring the target cells of the target carrier frequency. The triggering is based on serving cell signal strength and signal quality. Since gap-assisted measurements impact user throughput it is therefore important to look at both signal strength (RSRP) and quality (RSRQ) before starting the gaps, e.g. start gaps when both quantity degrades below their respective levels. This will ensure UE starts gap-assisted measurements only when they are needed.  

B.2.2
Execution of handover
The handover execution phase refers to the selection of the target cell on the target carrier frequency. This decision is based on comparison between the serving and the target cells, which are on different frequencies. However in some scenarios execution can be based on absolute levels as in section B.1.2. Therefore both RSRP are RSRQ are likely to be used for the execution. 

Handovers between co-located IF cells (Load Balancing): 

In this type of scenario there is a possibility to perform load balancing, i.e. to evenly distribute users/load/traffic across cells belonging to different carriers. RAN2 has identified load balancing as one of the important LTE functions [4]. One or more performance metrics are generally used for doing load balancing. In additional to the basic UE measurements (RSRP and RSRQ) some estimation of resource usage at eNode B and carrier RSSI could be used for this type of load balancing. 
B.2.3
Triggering of handover measurements 

As in section B.2.1 the measurements on the target cells are gap-assisted, which should be carried out only when necessary to avoid performance degradation of the on going connection (from serving cell). The triggering of idle gaps is based on RSRP and RSRQ from the serving cell as described in section B.2. During the gaps UE will measure the target cells on the target carrier frequency so as to find the best cell(s) in terms of both RSRP and RSRQ. The UE could also be requested to report RSSI on serving and target carriers. Its use is discussed further below. 

The network has the possibility to perform either intra-frequency or inter-frequency handovers (IF load balancing). The purpose of IF load balancing is that network on the average is able to achieve similar number of active users, similar resource block usage, similar interference levels etc. across different co-located cells (which are on different carriers). Thus final decision whether to perform IF load balancing (including on which carrier to do handover) or to do some other type of handover would consider at least target cell(s) RSRP and RSRQ. But depending upon the network implementation other set of performance measures could also be used in addition to RSRP and RSRQ. The additional set of measurements could include eNode B measurements (e.g. in terms of available cell resources) and some sort of interference measure, which could be RSSI. This does not preclude the use of RSSI by the network for other types of handovers (e.g. intra-frequency) and procedures. 
Therefore, for this scenario at least RSRP and RSRQ are needed.     

B.2.4
Execution of handover

The execution phase is very similar to that describe in section B.2.2.
C.
Inter-RAT mobility

There is more similarity between IF LTE and IRAT mobility than between intra-frequency LTE and IRAT mobility in terms of usage of the measurements. However, we feel this could be discussed after there is some consensus on the usage of the measurements in intra-LTE mobility scenarios.  

4 Overall Recommendation on Measurement Usage
The table 1 below provides the overall summary and potential usage of different UE measurements. The summary is based on the arguments provided in this document and on the current status on measurements in RAN1 [1]. 
Table 1: Summary of measurement quantities’ usage in different mobility states

	Measurement quantity
	LTE_DETACHED
	LTE_IDLE mode
	LTE_CONNECTED mode

	
	
	Intra-freq
	Inter-freq
	Intra-freq
	Inter-freq

	E-UTRA carrier RSSI
	No
	No
	No
	Yes
	Yes

	RSRP
	Yes
	Yes
	Yes
	Yes
	Yes

	RSRQ
	Yes
	Yes [Note]
	Yes
	Yes [ Note]
	Yes

	Note: Intra-frequency measurements (on serving frequency) are also need to trigger gap-assisted measurements (inter-frequency and IRAT).


5 References

[1] 3GPP TS 36.214, “Evolved Universal Terrestrial Radio Access (E UTRA); Physical layer measurements”.
[2] R4-071473 “RRM evening session minutes”, Motorola.
[3] R4-071694 “Analysis of RSRQ Definitions”, Ericsson.
[4] 3GPP TS 36.300, “Evolved Universal Terrestrial Radio Access (E-UTRA) and Evolved Universal Terrestrial Radio Access (E-UTRAN); Overall description; Stage 2”.






