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1. Introduction
This paper analyzes the need for an additional physical layer measurement, reference signal received quality RSRQ, for improved handover performance and thereby decreased drop rate. There are currently two LTE measurements defined for handover ‎[1], RSRP and E-UTRA carrier RSSI. The proposed RSRQ, measurement is defined as the ratio of those two measurements: RSRP/(E-UTRA carrier RSSI). 

Two factors have to be considered in relation to handover, the signal strength and the SINR. The RSRP measurement yields information on the signal strength and the RSRQ measurement is a suitable measurement to obtain information on the interference situation. It has also the advantage of favorable dynamic properties which makes it easy to use for triggering. 

RSRQ has been discussed in a previous meeting but could not be concluded as some companies wanted time for further internal discussions.

2. Discussion

The following is an attempt to clarify in what way the proposed RSRQ measurement and the already defined UE measurements can contribute to the different phases of a handover. The phase preceding the actual handover decision can be described as two steps: in the first step the UE identifies a need for handover and communicated this to the system according to predefined rules; in the second step a number of candidates are evaluated and a suitable target cell candidate is selected. For more detailed information on the handover procedure see ‎[2].

When the experienced radio quality of a UE in connected mode decreases below a certain level the system needs to be informed of this in due time to be able to take suitable action before the problems leads to that the call is dropped. This information is mostly trigger based to assure a sensible resource usage. The UE is initially informed by the system what measures and what values are applicable for triggering handover related events in this particular cell, i.e. what trigger criteria are applicable for sending a measurement report requesting to enter the evaluation phase. 

There are two main reasons for bad channel quality, insufficient signal strength and SINR. The defined RSRP measurement gives information on the DL signal strength and is a highly useful general indication on bad channel quality. In addition the defined E-UTRAN carrier RSSI provides information on the interference situation, which is the other important cause for bad radio conditions. However, in order to get a good understanding of the reason for bad channel quality it is not only important to get information on signal strength and interference it must also be simultaneous. The reason is that although an increase in interference can be an important indication on that the UE suffers from bad radio conditions it must not be. If the increasing interference occurs at the same time as a corresponding increase in signal strength the UE may not experience any difficulties. This type of correlated changes in interference and signal strength can occur due to attenuation e.g. when a user enters a building. With an RSRQ measurement correlation between signal strength and interference levels, can be determined. It should be noted that even in the same cell it can be useful to indicate need for handover based on RSRP as well as RSRQ. 

Furthermore, defining RSRQ as a separate measurement can increase the reliability of the triggering, avoiding unnecessary or too early triggers. This is the case when the change in the ratio is a combined effect of a decreasing RSRP and an increasing RSSI. In order to catch this change with two independent RSRP and RSSI measurements combined in the NodeB the trigger levels would need to be set unnecessarily low for the independent measurement compared with what could be done for a combined RSRQ measurement. It is easily understood, that this leads to that UEs would need to transmit RSRP and RSSI measurement more frequently and often in vain. 

Turning to the evaluation phase for a handover, where a suitable target cell candidate is identified, it is found that also here can a separate RSRQ measurement be justified. An evaluation of handover candidates can be initiated by changes in either signal strength or signal-to-interference ratio, or both. That makes it equally important to find a potential target cell which has both satisfying signals strength and SIR. The same limitations for separate evaluations of RSRP and RRSI applies to this phase as to the trigger phase. If no suitable candidate for intra-frequency handover is found the system can initiate measurements for inter-frequency handover, IF. In this case, it is likely that RSSI has a different value for the different frequency bands. 

The RSRQ measure also has favorable properties for indoor cells when it comes to the dynamic behavior. RSRP and RSSI can both have large variations that make it correspondingly difficult to find the right trigger level for them. At the same time the ratio between can stay comparable stable with a rather steep fall. This property makes RSRQ a more suitable measure in terms of trigger level and helps limiting the false triggering for mobility in indoor cells.

For an RSRQ measurement the RSRP and RSSI measurement of which it consists should be measured on the same bandwidth and the rules for the bandwidth should be the same as for RSRP as the two measurements are designed to complement each other. It is foreseen that higher layer filtering is applied to the combined RSRQ to get a suitable degree of averaging. 

3. Conclusion

Considering that a UE might experience bad channel quality due to either low signals strength or low SINR, or both, it is necessary to have reliable information on both in order to achieve a well performing handover. The need for information on signal strength is provided by the defined RSRP measurement and it has been found that the proposed RSRQ measurement, defined as RSRP/(E-UTRA carrier RSSI), is a valuable complement providing information on the interference level. The RSRQ measurement could also increase the precision in the triggering and thereby decrease the number of measurement reports sent often with increased handover quality. 

It is proposed that RSRQ should be added to the defined RSRP and E-UTRA carrier RSSI measurements for the purpose of for intra- and inter-frequency handover in LTE. 

Proposed definition: 

 RSRQ 

	Definition
	Reference Signal Received Quality is the ratio: RSRP/(E-UTRAN Carrier RSSI). The reference point for RSRQ shall be the UE antenna connector. 

	Applicable for
	RRC_CONNECTED  
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