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1. Introduction

Discussions on RSRQ definition have taken place for several meetings however there has been little progress. At the previous meeting companies were encouraged to provide contributions regarding this issue. In this document we provide our considerations on the RSRQ definition.
2. Discussion

The current RSRQ definition, excluding the eICIC case, has been used since Rel-8. Recently, some proposals suggest that the RSRQ definition should be modified to the same format as that of the eICIC scenario, i.e., the calculation of RSSI should be based on every OFDM symbol within the subframe being used, instead of based on only OFDM symbols containing CRS.   
The benefits of this new RSRQ definition require further investigation. Observations provided in [2] propose that the old RSRQ definition gives a biased indication of the interference experienced by the UE. Based on these observations, in our understanding the RSRQ bias only happens when the following two conditions are satisfied:


1. the system loading is light
2. the system is asynchronous

2.1 The significance of the bias

Some examples regarding the amount of possible RSRQ bias are given by [1, 2]. However, we believe those estimations only indicate some extreme conditions. 
Firstly in [1], a scenario where two cells with fully non-overlapping CRS is considered. However if considering a dense deployment scenario, even if the system is asynchronous it is still possible that the CRS from two or more cells collide with each other (similar to the synchronous case) and this will significantly reduce the bias of RSRQ. 
Secondly, the calculation in [1, 2] assumes that the RSRP from the interfering cell is much stronger than that of the serving cell. However under this scenario the corresponding activities such as measurement configuration may be triggered by RSRP instead of RSRQ. If the RSRP power of the interfering and serving cells are similar, the bias of the RSRQ will not be as significant as mentioned in [1]. 
Observation 1: in an asynchronous system with light loading, the RSRQ value based on old RSRQ definition will have bias however the amount of the bias should not be over-estimated.
2.2 Impact on system performance

The main functionality of RSRQ is either to trigger the measurement/measurement configuration or to be used as an indicator to executing cell reselection or handover. The impact on the system performance could be checked under the following scenarios:
· The frequency layer of the serving cell is asynchronous
Considering the triggering performance, if the system loading is light the RSRQ bias may delay the corresponding measurement activities on neighbour cells. Considering the cell reselection/handover execution, if an inter-frequency measurement is configured and that inter-frequency layer is synchronous, the bias of the serving cell RSRQ makes it difficult for the UE/eNB to execute cell reselection/handover to the target cell in time and this may cause outage. Meanwhile if that inter-frequency layer is asynchronous, both the serving and target cell RSRQ are biased. It is possible that The RSRQ bias of the target cell unfairly makes it preferred by the system and may result in an early handover to that cell.
· The frequency layer of the serving cell is synchronous

Obviously there is no impact on the measurement/measurement configuration triggering. For the cell reselection/handover execution, when the inter-frequency layer is asynchronous, as mentioned above, the bias of the target cell RSRQ will unfairly make it preferred and may cause an early handover.
Observation 2: for a lightly loaded and asynchronous system, the RSRQ based on the current definition will have negative impact on system performance. However how serious the negative impact is not clear and needs more investigation.

2.3 Legacy issues
Legacy issues were discussed in [2] in which it was suggested that for a new RSRQ definition, the RSRQ should be averaged over the number of OFDM symbols in the subframe. It is a reasonable proposal in order to make the new RSRQ definition as consistent as possible to the old RSRQ definition. However this cannot solve the legacy issue entirely since RSRQ related thresholds of a cell are, for various purposes (measurement triggering/handover triggering etc.), either setup based on the old RSRQ definition or the new RSRQ definition. Therefore if a UE with a new RSRQ definition enters a legacy eNB, and if the bias is large, it could be the case that the UE will trigger measurements/or execute cell reselection/handover more frequently.  This may result in increased power consumption or a ping-pong problem. On the other hand when a legacy UE enters a lightly-loaded eNB with an updated RSRQ definition, the threshold may be very low for that legacy UE hence measurement activities may not be configured in time. 
One way to deal with the legacy issue is to make eNBs aware of the methodology a UE used to calculate RSRQ. For example, we can indicate whether the UE supports the new RSRQ definition or not through UE capability signals. This implies that we can keep the old RSRQ definition and at the same time if a UE prefers, that UE can use the new RSRQ calculation method as well.  
Observation 3: The legacy issue needs more study before any decision on whether to update RSRQ definition. Additionally, different alternatives on how to update the RSRQ definition should be investigated as well. 
3. Conclusion

This contribution provides further study on the RSRQ definition issue and three observations are provided. What we want to highlight here is that although the old RSRQ definition has some shortcomings under some scenarios, it has been extensively used and to the best of our knowledge, there are no serious issues so far. If an update is deemed necessary, different ways on how to update the RSRQ definition should be studied.  
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