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Background for WCDMA uplink best characterised by CPICH RSCP and downlink by CPICH Ec/Io
Introduction

There are two basic quality measures for the W-CDMA radio interface, the CPICH RSCP and the CPICH Ec/No or Ec/Io as described in 3GPP TS 25.133. The specified cell selection and cell re-selection procedures are based on these quantities and so are the predefined events that can be used to trigger measurements for the handover procedure. The RSCP will give information about the coupling loss, but it says nothing about the interference, and the Ec/No will give a composite measure of coupling loss and interference, however without considering the effect of the OVSF (Orthogonal Variable Spreading Factor) codes that provide extra interference suppression between users connected to the same cell. As will be shown in the subsequent sections of this document, the CPICH RSCP is closely related to the uplink quality and the CPICH Ec/No to the downlink 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 Ec/No are needed for a complete evaluation of the quality of a certain cell.

The W-CDMA uplink

For the W-CDMA up link, the interference is received at the Node B, and is thus the same for all links in that cell. Ideally then, the same received power at the Node B would be required for all links with the same SIR target. The received interference level will vary between the cells, but since the number of UEs can be expected to be large compared to the number of cells, and due to the similar placements of Node B antennas, this variation is relatively small. At low to medium loads, the noise rise at the Node B is typically between 0-5 dB (see Figure 1), to be compared with the at least 50-60 dB range of the coupling loss. This means that the UE output power mainly will be determined by the coupling loss (see Figure 2) 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. When different CPICH output powers are used throughput the network, the quality estimate provided by the CPICH RSCP will of course suffer an additional error factor equal to the CPICH power offsets between the various cells. In Figure 3, 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.

The W-CDMA downlink

The W-CDMA downlink differs from the uplink in many ways.

· In the down link, the interference is received at the terminal, and is thus different for different locations within the network. The interference level is significantly higher at the cell border than at the cell centre, due to other cell interference. At the cell border, the other cell interference may be as much as three times larger than the interference from the home cell.

· Another aspect is that all the downlink power transmitted in the serving cell, except the own signal, will be recieved as interference. This interference will be subject to exactly the same coupling loss at every instant as the signal. The effect of this own cell interference will be reduced by the OVSF codes, which ideally cancel all own cell interference (except from P-SCH and S-SCH). Under realistic conditions the OVSF codes cancel about 50% of the interfering own cell power.

· Further, there is a floor of interference caused by the non-power controlled control channels, such as CPICH, CCPCH, P-SCH, S-SCH and so on. This means that even at low load there is a substantial amount of interference, many, many times larger than the receiver noise power.

· The total available transmission power is normally at least 100 times larger at the Node B than in the terminal.

As a consequence of these facts, the link power for the down link will not be proportional to the coupling loss between best serving cell and terminal, as can be seen in Figure 2. Instead, the downlink power always has to match the interference level, which due to own cell interference is large even close to the cell centre. Looking at Figure 2, it is clear that the downlink output power shows only a weak dependence on the coupling loss, quite different from the uplink. From Figure 3, we can see that the CPICH Ec/No provides a good estimate of downlink quality, and that CPICH RSCP cannot be used.

Simulation results

The simulations presented here are based on scanner measurements in the real live W-CDMA network in Stockholm. Roughly 13000 measurement points where collected in an area where 165 different cells provided coverage. Based on these measurements, uplink and downlink output powers for the speech service where predicted, assuming a low load in accordance with an initial traffic situation.
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Figure 1. CDFs for simulated noise rise for different loads. The load parameter ctot/Pnoise is the total signal power from users in the own cell relative to the noise power.
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Figure 2. Predicted necessary transmission powers for the downlink and uplink based on scanner measurements in Stockholm. Clearly, the link power for the uplink is proportional to the coupling loss, whereas the link power for the downlink shows only a slight dependence. The small spread around a fixed slope line that can be observed for the up link powers is caused by different interference levels in different cells.
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Figure 3. Downlink and uplink transmission powers plotted agaist 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 are 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).
Problem 

When UE is in idle mode or packet transfer or in packet idle mode in GSM network it can select too weak UMTS cell with low CPICH RSCP and fluctuating CPICH Ec/No. There are two cases of ping-pong between UMTS and GSM that can occur due to this behaviour. In both cases the UE checks the CPICH RCSP and the CPICH Ec/No of the target UMTS cell in order to evaluate the suitability criteria [TS 25.304] before reselecting it. 

In the first case let say the UMTS cell is suitable for cell reselection according to CPICH RSCP and CPICH Ec/No. The service may be weak in UMTS and thus call setup failures & drops can occur. In this case ping-pong can occur between GSM and UMTS networks if CPICH Ec/No is fluctuating, thus leading to not usable PS service (E.g. WAP) seen by the users. Also paging could be lost due to continuous LAUs/RAUs if UMTS cell is selected but due to dynamic change of RF situation cell reselection back to GSM is triggered.

In the second case then if the UE does not find a suitable UMTS cell, it would return to the GSM cell. In this case no location or routing area updates occur but some GSM paging may be lost. Most important is that, if conditions do not change, the UE tries the same UMTS cell repeatedly after a few seconds.

Problematic situations are possible due to CPICH Ec/No is mainly used in inter-system cell reselection rules. If the interference level is very low, CPICH Ec/No can remain at high levels even if the received signal level is weak. This is usually the case at cell layer border area where neighbouring cells does not exist at the same frequency. Also indoors the problem can occur quite often. In these cases the pilot channel signal level indicator (CPICH RSCP) can serve as more reliable indicator for weak UMTS service level.
In addition to these two ping-pong cases, there is another problem related to the inter-RAT cell re-selection. In a network where GSM and UMTS cells are not necessarily co-sited and camping on UMTS is preferred whenever there is UMTS coverage, the current procedure does not work properly. FDD_Qoffset has to be set to zero (0) for this case, indicating infinite negative offset for GSM cells. Hence, the UE will always choose a UMTS cell if CPICH Ec/No is larger than FDD_Qmin, regardless of the CPICH RSCP of that cell. It may then happen that CPICH RSCP is smaller than Qrxlevmin, so that the cell does no fulfil the S-criterion for cell selection. The UE will then indicate that there is no network. If Qrxlevmin is lowered to prevent this from happening, it may still happen that the UE is out of coverage (due to failing uplink) at low CPICH RSCPs. This problem cannot be solved with FDD_Qmin setting alone, since a very high setting of FDD_Qmin (that might prevent cases with very low CPICH RSCP from slipping through) is not compatible with the desired camping strategy.

Solution 

It should be possible to use also UMTS CPICH RSCP condition for cell reselection from GSM/GPRS cell to UMTS cell. 

In R99 and R4 there would be possibility to use optionally measured RSCP value also as a cell reselection criterion (FDD_RSCP_threshold).

************************************************************************

6.6.5
Algorithm for cell re‑selection from GSM to UTRAN

If the 3G Cell Reselection list includes UTRAN frequencies, the MS shall, at least every 5 s update the value RLA_C for the serving cell and each of the at least 6 strongest non serving GSM cells. 

The MS shall then reselect a suitable (see TS 25.304) UTRAN cell if:

-
for a TDD cell the measured RSCP value exceeds the value of RLA_C for the serving cell and all of the suitable (see 3GPP TS 03.22) non-serving GSM cells by the value XXX_Qoffset for a period of 5 s and

-
for an FDD cell the following criteria are all met for a period of 5 s: 

1. its measured RSCP value exceeds the value of RLA_C for the serving cell and all of the suitable (see 3GPP TS 03.22) non-serving GSM cells by the value XXX_Qoffset,

2. its measured Ec/No value is equal or greater than the value FDD_Qmin, and

3. its measured RSCP value is equal to or greater than FDD_RSCP_threshold, if supported by the MS.
In case of a cell reselection occurring within the previous 15 seconds, XXX_Qoffset is increased by 5 dB.
where

-
Ec/No and RSCP are the measured quantities, see subclause 8.1.5.
· FDD_RSCP_threshold equals Qrxlevmin + Pcompensation + 10 dB, if these parameters are available, otherwise -( (criterion not effective).
· Qrxlevmin is the minimum required RX level in the UTRAN FDD cell (dBm), see 3GPP TS 25.304.

· Pcompensation is max(UE_TXPWR_MAX_RACH – P_MAX, 0) (dB), see 3GPP TS 25.304.

· UE_TXPWR_MAX_RACH is the maximum TX power level an MS may use when accessing the UTRAN FDD cell on RACH (dBm), see 3GPP TS 25.304.

· P_MAX is the maximum RF output power of the MS (dBm) in UTRAN FDD mode, see 3GPP TS 25.304.
· FDD_Qmin and XXX_Qoffset are broadcast on BCCH of the serving cell. XXX indicates other radio access technology/mode.

Note:
The parameters required to determine if the UTRAN cell is suitable are broadcast on BCCH of the UTRAN cell. An MS may start reselection towards the UTRAN cell before decoding the BCCH of the UTRAN cell, leading to a short interruption of service if the UTRAN cell is not suitable.

The MS may store the UTRAN cell RSCP suitability criterion parameters above, whenever decoded from a UTRAN FDD cell of an equivalent PLMN. The most recently decoded parameters are valid reselection criteria towards all UTRAN FDD cells. This list of parameters shall be cleared after PLMN selection (see 3GPP TS 23.122).
Cell reselection to UTRAN shall not occur within 5 seconds after the MS has reselected a GSM cell from an UTRAN cell if a suitable GSM cell can be found. 

If more than one UTRAN cell fulfils the above criteria, the MS shall select the cell with the greatest RSCP value.
************************************************************************

For R5 and R6 new parameters, FDD_RSCPmin and FDD_Qmin_Offset would need to be broadcasted in system information. FDD_Qmin_Offset would be enhancement for non-legacy UEs (R5 onwards). It would be used with FDD_Qmin parameter so that non-legacy mobiles understanding the FDD_RSCPmin parameter could put some dBs offset to FDD_Qmin value. It would make sufficient quality UMTS coverage look larger to non-legacy UEs in using GSM system. Legacy UEs would still see only the FDD_Qmin defined UMTS threshold and ping-pong would be avoided even if non-legacy UEs could be served quite near the borders of a UMTS cell.

************************************************************************

6.6.5
Algorithm for cell re‑selection from GSM to UTRAN

If the 3G Cell Reselection list includes UTRAN frequencies, the MS shall, at least every 5 s update the value RLA_C for the serving cell and each of the at least 6 strongest non serving GSM cells. 

The MS shall then reselect a suitable (see TS 25.304) UTRAN cell if:
-
for a TDD cell the measured RSCP value exceeds the value of RLA_C for the serving cell and all of the suitable (see 3GPP TS 43.022) non-serving GSM cells by the value XXX_Qoffset for a period of 5 s and

-
for an FDD cell the following criteria are all met for a period of 5 s: 

1. its measured RSCP value exceeds the value of RLA_C for the serving cell and all of the suitable (see 3GPP TS 43.022) non-serving GSM cells by the value XXX_Qoffset,

2. its measured Ec/No value is equal or greater than the value FDD_Qmin - FDD_Qmin_Offset, and

3. its measured RSCP value is equal to or greater than FDD_RSCP_threshold, if supported by the MS.
In case of a cell reselection occurring within the previous 15 seconds, XXX_Qoffset is increased by 5 dB.
where

-
Ec/No and RSCP are the measured quantities, see subclause 8.1.5.

· FDD_RSCP_threshold equals FDD_RSCPmin if broadcast on the serving cell, else Qrxlevmin + Pcompensation + 10 dB, if these parameters are available, otherwise -( (criterion not effective).
· Qrxlevmin is the minimum required RX level in the UTRAN FDD cell (dBm), see 3GPP TS 25.304.

· Pcompensation is max(UE_TXPWR_MAX_RACH – P_MAX, 0) (dB), see 3GPP TS 25.304.

· UE_TXPWR_MAX_RACH is the maximum TX power level an MS may use when accessing the UTRAN FDD cell on RACH (dBm), see 3GPP TS 25.304.

· P_MAX is the maximum RF output power of the MS (dBm) in UTRAN FDD mode, see 3GPP TS 25.304.

· FDD_Qmin, XXX_Qoffset and optionally FDD_RSCPmin and FDD_Qmin_Offset are broadcast on BCCH of the serving cell. XXX indicates other radio access technology/mode.

Note:
The parameters required to determine if the UTRAN cell is suitable are broadcast on BCCH of the UTRAN cell. An MS may start reselection towards the UTRAN cell before decoding the BCCH of the UTRAN cell, leading to a short interruption of service if the UTRAN cell is not suitable.

The MS shall store the UTRAN cell RSCP suitability criterion parameters above, whenever decoded from a UTRAN FDD cell of an equivalent PLMN. The most recently decoded parameters are valid reselection criteria towards all UTRAN FDD cells. This list of parameters shall be cleared after PLMN selection (see 3GPP TS 23.122).

************************************************************************
Cell reselection to UTRAN shall not occur within 5 seconds after the MS has reselected a GSM cell from an UTRAN cell if a suitable GSM cell can be found. 

If more than one UTRAN cell fulfils the above criteria, the MS shall select the cell with the greatest RSCP value. 
Legacy Issues

Legacy Network – Non-legacy UE: Only FDD_Qmin would be available even if the UE could understand FDD_Qmin_Offset and FDD_RSCPmin. Non-legacy UEs could only use UE-based solution part in this case. FDD_RSCP_threshold would be calculated inside the UE.

Non-Legacy Network – Legacy UE: Legacy UE would understand only FDD_Qmin parameter as in earlier releases. Legacy UEs could use UE-based solution part in this case. FDD_RSCP_threshold would be calculated inside the UE.

Legacy Network – Legacy UE: Only FDD_Qmin would be available and so legacy UEs could use UE-based solution part in this case. FDD_RSCP_threshold would be calculated inside the UE.

Non-Legacy Network – Non-Legacy UE: FDD_Qmin, FDD_Qmin_Offset, and FDD_RSCPmin parameters would be available. Network-based solution part would be needed only in this case.
Conclusion 

The simulations based on scanner measurements in a real live WCDMA network as well as operations of UMTS networks with cell re-selection and handover to GSM both in Sweden and Finland show that for coping with ping-pong between GSM and UMTS systems a similar thresholds FDD_RSCPmin (R5->) and FDD_RSCP_threshold (R99 and R4) as an FDD_Qmin is needed for reselecting UMTS FDD cell from GSM cell. FDD_Qmin_Offset could be used with FDD_Qmin parameter so that non-legacy mobiles understanding the FDD_RSCPmin parameter could put some dBs offset to FDD_Qmin value. This would enable the non-legacy UEs to see UMTS coverage larger.

Additionally such a change would allow to apply different CPICH RSCP parameters for the inter-system cell reselection from GSM to UMTS, based on FDD_RSCPmin and the suitability criteria for UMTS cells (based on Qrxlevmin as today) to control inter-system cell reselection efficiently. E.g. the cell reselection threshold from GSM to UMTS could be set to higher values then reverse direction from UMTS to GSM to avoid ping-pong. 

It is suggested that the solution proposed in this document could be mandatory from 3GPP Release 5 onwards and UE-based solution part could be used from R’99 onwards.







