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1
Introduction
For UTRAN there are two important quality measures, CPICH Ec/N0 and CPICH RSCP. RSCP give information about the coupling loss, but it says nothing about the interference, while Ec/N0 gives a composite measure of coupling loss and downlink interference.

In [1] and [2] it was pointed out that CPICH Ec/N0 is a good measure of UTRAN downlink quality but not of UTRAN uplink quality. CPICH RSCP is a good measure of uplink quality. For W-CDMA, it is possible for either the uplink or the downlink to fail while the link in the opposite direction experiences absolutely no problems whatsoever. Due to this property of the radio interface, both the CPICH RSCP and the Ec/No are needed for a complete evaluation of the quality of a certain cell.
As a consequence to [1] and [2], 3GPP added activation of measurements also when CPICH RSCP is below a threshold in serving UTRAN cell such that activation of measurements can be done on both Ec/No and RSCP, and this is also available for absolute priorities. In GERAN absolute threshold parameters for both CPICH RSCP and CPICH Ec/No were enabled, but this is not available for absolute priorities.
This document discusses the need for considering both these quality measures in cell reselection with absolute priorities. We propose some corrections. This is an updated version of [3] where we add discussion and proposal on cell reselection from E-UTRAN to UTRAN.
2
Measurements in the real live W-CDMA network
The measurements in [1] and [2] are displayed in this section.
Uplink

The UE output power depends on the coupling loss to the Node B, and the interference level at the node B. The interference level is the same for all links in the same cell but does vary between cells (about 0 to 5 dB noise rise), but this variation is much smaller than the variation of the coupling loss (at least 50 to 60 dB). This means that the UE output power is determined mainly by the coupling loss to the Node B. Since uplink coverage is limited by the UE output power, the uplink quality will be strongly dependent on the coupling loss and hence on the CPICH RSCP.

From figure 1, it is clear that the uplink is best characterised by the CPICH RSCP, and that the CPICH Ec/No does not provide a good estimate of uplink quality.

Downlink

Also in the downlink the required output power depends on the coupling loss and the interference, but here the interference is the interference received at the UE, and is thus different for different locations within a cell. Furthermore, the variation of the downlink interference is of the same order of magnitude as the variation of the coupling loss. In fact, the incell interference is subject to the same coupling loss as the real signal, and is thus proportional to the coupling loss (this is not true for the other cell interference). Interference can thus, obviously not be neglected, and RSCP is useless as a measure of downlink quality.

Ec/No on the other hand does give a composite measure of coupling loss and downlink interference, and from figure 1 it is clear that Ec/No does provide a good estimate of downlink quality.
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Figure 1. Result based on scanner measurements in the real live W-CDMA network in Stockholm. Downlink and uplink transmission powers plotted against CPICH RSCP (left) and CPICH Ec/No (right). The uplink power appears inversely proportional to CPICH RSCP, and the downlink power is strongly dependent on CPICH Ec/No. Different CPICH power settings were used in the network. This is the reason for the apparent alignment of the downlink data to at least two clearly different curves (right-hand plot).

3
Discussion
3.1
UTRAN

In release 9 and release 10, serving UTRAN cell and neighbour UTRAN cells are only evaluated on CPICH RSCP. For CPICH Ec/No there is only a check of suitable cell (S-criteria). At cell reselection to EUTRAN using RSRQ, the serving cell is only evaluated on CPICH Ec/No.
Evaluating serving cell
In current 3GPP specifications the threshold on serving cell (Treshserving,low) makes terminals stay camping on a UTRAN frequency carrier and this threshold can be set to either CPICH RSCP or to CPICH Ec/N0 (Ec/N0 only to LTE).
When the threshold is set to CPICH RSCP then it is possible to activate measurements when CPICH Ec/No is below a threshold, but you cannot leave the serving cell because Ec/No is low. Only CPICH RSCP threshold on serving cell (Treshserving,low) makes terminals stay camping on a UTRAN frequency carrier even though the UTRAN frequency carrier downlink quality is bad. Thus, when a call attempt is made, it fails even though there is another UTRAN bearer or another RAT available with good Ec/No and RSCP.

When the threshold is set to CPICH Ec/No then it is possible to activate measurements when CPICH RSCP is below a threshold, but you cannot leave the serving cell because RSCP is low. Only CPICH Ec/N0 threshold on serving cell (Treshserving,low2) makes terminals stay camping on a UTRAN frequency carrier even though the UTRAN frequency carrier uplink quality is bad. Thus, when a call attempt is made, it fails even though there is another UTRAN bearer or another RAT available with good Ec/No and RSCP.

UEs should avoid camping on cells where either CPICH RSCP or CPICH Ec/No is close but above the S-criteria. Below S-criteria means no network and access success rate may be low close to but above this level.    

It is necessary to evaluate serving cell on both CPICH RSCP and CPICH Ec/N0. Either CPICH RSCP of serving cell should be lower than a threshold or CPICH Ec/N0 of a serving cell should be lower than a threshold and then it should be allowed to leave the cell for an equal or lower priority neighbour cell.

Evaluating neighbour cell
In current 3GPP specifications only RSCP measurements are performed on inter-frequency UTRAN neighbour cells.

For cell reselection to lower priority or equal priority:

When comparing Threshx,low to CPICH RSCP and perform cell reselection to an UTRAN cell, the CPICH Ec/N0 on target cell may be poor. Thus the UTRAN frequency carrier downlink quality is bad on the target cell and call attempts may fail. 

If the terminal checks the S-criteria in the target cell before deciding whether to reselect then there is no hysteresis for Ec/No. The terminal reselects to target cell, which has a CPICH Ec/N0 above but close to S-criteria level. The CPICH Ec/N0 degrades a little and the cell is not suitable for camping. Thus the UTRAN frequency carrier downlink quality becomes bad on the target cell and call attempts may fail. The terminal goes into search for new cell, which takes time and may as well lead to reselection back to the former cell and we will have continuous ping-ping cell reselections.

For cell reselection to higher priority:

When comparing Threshx,high to CPICH RSCP and perform cell reselection to an UTRAN cell, the CPICH Ec/N0 on target cell may be poor. Thus the UTRAN frequency carrier downlink quality is bad on the target cell and call attempts may fail. Moreover the ping-pong behaviour described for lower and equal priority may also occur here.

It is necessary to evaluate neighbour UTRAN cell on both CPICH RSCP and CPICH Ec/N0. CPICH RSCP of neighbour cell should be above a threshold and CPICH Ec/N0 of a neighbour cell should be above a threshold and then it should be allowed to go to the neighbour cell.
3.2
EUTRAN

In release 9 and release 10, neighbour UTRAN cells are evaluated on CPICH RSCP or on CPICH Ec/No, but not on both measures. This gives the same performance issues as described above for evaluation of inter-frequency UTRAN neighbour cells.It is also necessary to evaluate neighbour UTRAN cell on both CPICH RSCP and CPICH Ec/N0 in EUTRAN. CPICH RSCP of neighbour cell should be above a threshold and CPICH Ec/N0 of a neighbour cell should be above a threshold and then it should be allowed to go to the neighbour cell.
4
Examples
Characteristics of Ec/No and RSCP

CPICH Ec/No varies with the load in the cell and neighbouring cells. CPICH Ec/No is rather flat by the distance to the base station and drops drastically at the cell edge. At high load CPICH Ec/No is low far into the cell and drops even further close to the cell edge and the cell size shrinks. At low load the CPICH Ec/No is high almost every where in the cell and drops at the cell edge. 

CPICH RSCP changes mostly by the distance to the base station. CPICH RSCP drops rather linearly to by the distance to the base station. This measure is not affected by the load.
Thus at high load the CPICH Ec/No can be low at locations where CPICH RSCP is good. At low load the CPICH Ec/No can be high at locations where CPICH RSCP is rather poor. Since the load varies it is not possible to determine a suitable CPICH RSCP threshold where CPICH Ec/No is always good enough and it is there by suitable to change cell. Similarly, it is not possible to determine a suitable Ec/No threshold such that CPICH RSCP is always good enough and it is suitable to change cell.
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Figure 2. At high load the CPICH Ec/No can be below S-criteria at locations where CPICH RSCP is good.
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Figure 3. At low load the CPICH Ec/No can be high at locations where CPICH RSCP is rather poor.
Example of Ec/No importance
An operator may have for example 4 carriers on UTRAN band 2.1 GHz and one carrier on UTRAN 900 MHz. The UTRAN band 2.1 GHz sites are co-sited and CPICH RSCP will basically be the same for all carriers. But the load will be different on different carrier frequencies, which means different CPICH Ec/No. Clearly there is no use of cell reselection based on CPRICH RSCP, but CPICH Ec/No ought to be used to avoid that one carrier is overloaded and others are more or less unloaded. 
Example of RSCP and Ec/No importance
An operator may have for example 4 carriers on UTRAN band 2.1 GHz and one carrier on UTRAN 900 MHz. The UTRAN band 2.1 GHz sites are co-sited, but UTRAN 900 MHz is not co-sited with UTRAN 2.1 GHz. CPICH RSCP will be different for UTRAN band 2.1 GHz carriers and UTRAN 900 MHz carriers. Moreover, the load will be different on carriers, which means different CPICH Ec/No. Cell reselection between UTRAN 2.1 GHz and UTRAN 900 MHz should be performed when CPICH RSCP and CPICH Ec/No is good in target cell. It should be possible to leave the serving cell if it has poor CPICH RSCP or poor CPICH Ec/No well before reaching the S-criteria.
Combining cell reselection to co-sited multiple UTRAN 2.1 GHz carriers and cell reselection to no-cosited UTRAN 900 MHz carriers then inter-frequncy cell reselection within UTRAN 2.1 GHz carriers needs to use at least CPICH Ec/No and at cell reselection between UTRAN 2.1 and 900 needs to evaluate both. 

Example 2 of importance of RSCP and Ec/No
UTRAN 900 MHz has different location and routing areas or even different PLMN identity than UTRAN 2.1 GHz. To avoid frequent LA/RA updates cell reselection between UTRAN 2.1 GHz and UTRAN 900 MHz, cell reselection should be performed when CPICH RSCP and CPICH Ec/No is good in target cell rather than fluctations in Ec/No, i.e. load.
5
Implementation
Next we will discuss some implementation aspects and implementation alterntives.
5.1
UTRAN

If implementing evaluation of neighbour UTRAN cell on both CPICH RSCP and CPICH Ec/N0 then CPICH Ec/No threshold parameters for TresholdX,low and TresholdX,high needs to be added for UTRAN FDD neighbour carrier frequencies.
For UEs that lacks the evaluation of neighbour UTRAN cell on both CPICH RSCP and CPICH Ec/N0, Qqualmin could be set to a higher value than the value broadcasted in the cell. This would have the disadvantage of affecting the suitable cell coverage and the likelihood of entering the any cell state. Alternatively, the RSCP parameters of TresholdX,low and TresholdX,high are set higher than optimal to reduce the likelihood to reselect to a UTRAN cell with very bad Ec/No. This would have the disadvantage of considering the wrong measure. 
In our opinion there will be a need to have new RSCP threshold parmeters to enable to set different values than for old UEs, which only evaluates CPICH RSCP. For some carrier frequencies operators will want Ec/No to be the main hysteresis measure and RSCP threshold could just be set to prevent reselecting a cell of very poor RSCP and with a small hysteresis for RSCP. In such case “old” UEs cannot use the same CPICH RSCP threshold as the “new” UEs. Therfore, we propose to dublicate the two RSCP threshold parameters of TresholdX,low and TresholdX,high. In this way we also have a possibility to reduce the likelihood to reselect to a UTRAN cell with very bad Ec/No for 
“old” UEs. We propose not to duplicate Qqualmin as well.
5.2
EUTRAN

If implementing evaluation of neighbour UTRAN cell on both CPICH RSCP and CPICH Ec/N0 then CPICH Ec/No threshold parameters for TresholdX,low and TresholdX,high are already available in the signalling protocol for UTRAN FDD neighbour carrier frequencies. 
When serving LTE cell is evaluated on RSRP then these parameters are not used by the UEs of release 9 and 10. In fact, the UEs are not expecting these parameters to be sent by the network without also sending the RSRQ threshold of ThreshServingLow. We propose to allow the network to send the CPICH Ec/No threshold parameters for TresholdX,low and TresholdX,high without sending RSRQ threshold of ThreshServingLow such that these parameters can be reused. The UEs that can evaluate both measures gets the legacy cell reselection procedure if network do not send the CPICH Ec/No parameters on broadcast channel. 
When serving LTE cell is evaluated on RSRQ then these parameters are used by the UEs of release 9 and 10. In fact, the network also sends all CPICH RSCP thresholds, but they are not used by the UEs of release 9 and 10. We propose to reuse these parameters. The UEs that can evaluate both measures gets, to our understanding, the legacy cell reselection if the CPICH RSCP parameters are set to zero.
For UEs that lacks the evaluation of neighbour UTRAN cell on both CPICH RSCP and CPICH Ec/N0, Qqualmin could be set to a higher value than the value broadcasted in the cell.We propose to duplicate the Qqualmin parameter such that new UEs can set this parameter to a lower value. 
6
Conclusion

This contribution we have pointed out the need to considering both CPICP RSCP and CPICH Ec/No as quality measures in cell reselection with absolute priorities.
Proposal 1: We propose to evaluate neighbour UTRAN cell on both CPICH RSCP and CPICH Ec/N0 at interfrequency cell reselection. CPICH RSCP of neighbour cell should be above a threshold and CPICH Ec/N0 of a neighbour cell should be above a threshold and then it should be allowed to go to the neighbour cell.

Proposal 2: Moreover, we propose to evaluate serving UTRAN cell on both CPICH RSCP and CPICH Ec/N0. Either CPICH RSCP of serving cell should be lower than a threshold or CPICH Ec/N0 of a serving cell should be lower than a threshold and then it should be allowed to leave the cell for an equal or lower priority neighbour cell.
Proposal 3: We propose to evaluate neighbour UTRAN cell on both CPICH RSCP and CPICH Ec/N0 at inter-RAT cell reselection from EUTRAN. CPICH RSCP of neighbour cell should be above a threshold and CPICH Ec/N0 of a neighbour cell should be above a threshold and then it should be allowed to go to the neighbour cell.

RAN2 is kindly asked to discuss above proposals, and update release 11 specifications as suggested in [4], [5], [6] and [7].

RAN2 is also asked to consider updating E-UTRAN to evaluate both EUTRAN measures RSRP and RSRQ. The problem for UTRAN may also be applicable to EUTRAN cells even though the problem may be less due to EUTRAN has no incell interference. Note, for example, that when the serving EUTRAN cell is evaluated on RSRP then it is possible to activate measurements when RSRQ is below a threshold, but you cannot leave the serving cell because RSRQ is low. So if there is a need to activate measurements on both RSRP and RSRQ then it would be logical to also evaluate the serving cell on both measures.
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