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1 Introduction

It has been proposed in [1] to remove RSSI and RSRQ from RAN1 specifications [2] because it has been argued in [1] that these quantities are not suitable for doing E-UTRA load estimation and for triggering load based handover e.g. between E-UTRA frequency layers. Firstly it has already been clarified in [2] how these measurement quantities can be used for load based handovers. Secondly the contribution in [1] fails to take into consideration other types of handovers or triggering that would require UE measurements other than RSRP. 

This document elaborates mobility scenarios where the knowledge about the UE downlink radio conditions is necessary in order to prevent call dropping. Based on the arguments provided in this document we strongly believe that RSSI and especially RSRQ are necessary for overall good mobility performance in LTE.
2 Difference between RSRP and RSRQ
One major difference between the properties exhibited by RSRP and RSRQ is as follows [3]:

The total uplink received interference at the base station (which is a single measured value at the base station) is the same for UE:s that are located at different positions in a cell. On the other hand downlink interference varies with UE position in a cell.
The reported RSRP, which is based only on the reference symbol, would not indicate the interference conditions experienced by the UE in the downlink when it moves in a cell. Therefore reported RSRP from different UE:s in a cell would be indicative of their uplink radio conditions rather than their downlink radio conditions. But RSRQ, which includes downlink interference component in the denominator, would indicate the DL radio condition of the UE. 
In summary, RSRP and RSRQ depict UL radio and downlink radio conditions respectively as also discussed in our earlier contribution in [3]. Similar analysis are provided for CPICH Ec/No and RSCP in [4] 
3 Type of Handovers
From the perspective of the usage of UE measurement quantities the handovers can be categorized into three main categories:

· Signal strength based handover 
· Downlink quality based handover

· Load based handover

For handover triggering or decisions that require only uplink radio conditions (i.e. signal strength based HO) RSRP is sufficient. However, as further elaborated in sections 4 and 5, that RSSI and RSRQ are needed for performing other types of handovers. 
4 Measurements for Load based HO
In order to use RSRQ and RSSI for load based mobility decisions it is important that RSSI exhibit or reflect cell load. It is discussed in [5] that this is achievable through an appropriate scheduling strategy. The details are therefore found in [5].
5 Measurements for Downlink Quality based IF and IRAT HO
In some scenarios the inter-frequency and IRAT handover or handover triggering are to be performed based on DL quality estimation in addition to the UL radio conditions. Note the IF and IRAT triggering that initiates the gap-assisted measurements are to be based on the absolute levels of the measurement quantities from the serving cell on the serving carrier frequency. 
The quality based HO are typically needed in scenarios where there is significant adjacent channel interference from co-existing cells (e.g. macro or micro or pico or Home eNode B etc). In such scenario handover triggering based on RSRP would delay the handover process and could result in call dropping. This is the case when RSRP is still within an acceptable range but the downlink channel quality has significantly deteriorated leading to pre-mature loss of connection. Thus IF handover triggering and possibly the comparison of serving and target cells (on different carriers) should also be based on RSRQ to make sure that the target cell (on target carrier) has good downlink quality. 
5.1 WCDMA Field Results 

In WCDMA, CPICH Ec/No is analogous to RSRQ. It has been shown based on results from the live network that in some scenarios where for instance there is pilot pollution (i.e. good RSCP but significantly bad CPICH Ec/No due to several strong cells , which leads to high RSSI) the use of both RSCP and CPICH Ec/No for mobility decision is necessary to prevent the call dropping. The results were presented in an earlier paper [6] but are also reproduced in the annex of this paper for convenience.
6 Conclusions and Recommendations
Based on the analysis presented in this paper we believe it is important to have RSSI and especially RSRQ for at least quality based inter-frequency and IRAT handovers. Furthermore we have the following recommendations for requirements:

· Minimum requirements for RSSI are specified only in connected mode
· Minimum requirements for RSRQ are specified for both idle and connected mode

· It is sufficient to specifying minimum requirements for RSSI and RSRQ over:

· central 6 resource blocks in frequency domain; if necessary network could ensure consistency by an appropriate scheduling, and
· 200 ms measurement period in time domain; the network can perform further time domain filtering using L3 filtering to smooth out signal variations.   
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Annex: Field Test Scenarios

In the following section we provide field results in three different environments: indoor (underground station), tunnel and high rise building. The results show CPICH Ec/No and RSCP logged data. The call is dropped when either of CPICH Ec/No or RSCP is below the desired level i.e. call dropping occurs when CPICH Ec/No falls below the red line (Ec/No < -16 dB) or RSCP happens to be on the left of the red line (RSCP < -118 dBm). Layer 3 filtering is enabled on both Ec/No and RSCP. 

A. Underground Station (Pedestrian speed):

User’s call is dropped when any of the two measurements are below the respective levels (outside red line as described above). It is interesting to note that even if RSCP is well above the desired level, the CPICH Ec/No can be extremely poor.   
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Figure 1: Field results in underground station scenario (A)
B. Tunnel Scenario (20-50 km/hr):

In this scenario there are only few occasions when RSCP is within an acceptable level though CPICH Ec/No is below the desired level. In most cases handover decision based on either of the two measurements would not lead to call dropping.   
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Figure 2: Field results in tunnel scenario
C. High Rise Building Scenario (Pedestrian speed):

The users are located inside and at the upper floors of the buildings. As can be seen from the figures, the CPICH Ec/No measured values can be significantly below the required level even when RSCP is within an acceptable range, i.e. between -100 dBm to -90 dBm.
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Figure 3: Field results for high rise building scenario
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