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1 Introduction

This contribution discusses required and expected properties of cell selection and cell ranking due to the measured quantity used for inter-frequency cell reselection, cell reselection between FDD and TDD cells or cell reselection from UTRAN cells to GSM cells in Idle mode and Connected mode. This contribution show that the inherent properties of the measured value of the CPICH Ec/No on the UTRAN FDD cells, mapped to a common value or not, is not suitable to be used for ranking of the UTRAN FDD cell relative to UTRAN TDD cells or GSM cells. 

This contribution propose that CPICH RSCP should be used in idle mode for ranking of UTRAN cells relative to other UTRAN cells or GSM cells when the UTRAN cells fulfils a minimum CPICH Ec/No and CPICH RSCP threshold. The usage of CPICH RSCP instead of CPICH Ec/No for cell ranking also means that only an offset is needed.

Attached are also some results from simulations that are intended to display the properties of the CPICH Ec/No and CPICH RSCP when the UE is at different distances from a target cell using an omni directional antenna.

CPICH RSCP is defined in 3GPP TS 25.215 as, Received Signal Code Power, the received power on one code measured on the pilot bits of the Primary Common Pilot Channel.

UTRAN carrier RSSI is defined in 3GPP TS 25.215 as, Received Signal Strength Indicator; the wide-band received power within the relevant channel bandwidth.

CPICH Ec/No is defined in 3GPP TS 25.215 as, the received energy per chip divided by the power density in the band. The Ec/No is identical to RSCP/RSSI.

2 Proposed requirements and argumentation

Below follow general discussion on cell reselection requirements with argumentation that will motivate the proposal to use measured CPICH RSCP for cell ranking of UTRAN cells in relation to other UTRAN cells or GSM cells in idle mode and Connected mode.

2.1 UE idle mode

The only significant information that the Network can assume for UE’s in idle mode is that it is likely that the UE’s will not demand capacity (load the network) in the near future. This is obvious since this is typically the reason for the UE to be in idle mode. The Network can however expect the UE to occasionally make random access for location updating causing short and a relatively low demand for capacity. The probability for location updating is to some extent controlled by the Network via information on BCCH. 

The reasoning above implies that it is wrong to use load dependent cell ranking criterion in idle mode, since by using a load dependent cell ranking the idle mode mobiles will be forced to reselect cell more frequently and also make location updating more frequent.

Requirement 1:

The UE shall select a cell that will give the UE a high probability for both receiving page and also succeeding with a random access.

The requirements can be interpreted as follows:

The UE should experience well enough quality on the downlink to be able to receive page messages or random access acknowledge signals correct.

The UE shall also be able and allowed to use enough transmission power for the random access message on the uplink to be received correctly by the base station.

Requirement 2

The UE shall not make unnecessary cell reselections.

The UE shall avoid making frequent cell reselections, if possible, since that may cause the UE to have a higher probability to loose page, increase the batteries power consumption and load the system by performing frequent location updates. Unnecessary cell reselections due to measurement errors when measuring on cells using different frequencies or RAT’s should also be avoided.

The requirement can be interpreted as follows:

The UE should use a load independent quantity (CPICH RSCP) for ranking of UTRAN cells relative to other UTRAN cells and GSM cells, at least as long the UE have no intention to load the system by doing call setup. All UTRAN cells should though have good enough quality (CPICH Ec/No) to be selectable. If the quantity used is load dependent the idle mode mobiles may perform many unnecessary cell reselections and as a consequence also do location update due to load variations of cells in the area. 

Requirement 3

The UE should preferably select the same cell for call setup as selected by the Network after call set-up.

The Network does not have to spend efforts for moving UE’s to other cells before the user get the requested service. However other aspects like coverage, location update frequency or battery consumption are also important in idle mode. Therefore, it may be preferable to keep the UE’s on one frequency or RAT until the Network gets an explicit service request from the UE.

This requirement is somewhat contradictory to the previous, since the Network may select a cell based on the load situation. By using a minimum CPICH Ec/No threshold, this requirement is to some extent fulfilled. By increasing the threshold, the UE will select cells that are more probable to have capacity left and that will allow the network to select the same cell after call set-up.

2.2 UE connected mode

In Connected mode the probability for starting a packet transfer session and demanding capacity can be considered as more likely. Therefore the UE using connected mode may benefit from using a cell ranking that adapt to load automatically. If the ranking of UTRAN cells using different frequencies is based on CPICH Ec/No, the cell reselection will to some extent adapt to load.

It is though expected that using a minimum CPICH Ec/No threshold and then a ranking based on CPICH RSCP will be sufficient and yield more stable and predictable behaviour. Furthermore, if the UTRAN cells are using the same frequency, the ranking in-between the UTRAN cells will yield the same results regardless if the ranking is based on CPICH Ec/No or CPICH RSCP.

3 Anticipated properties of the cell ranking using CPICH Ec/No or CPICH RSCP

Assume that the compared UTRAN cells are using different frequencies and that the measured CPICH Ec/No is better than a specified minimum threshold for all UTRAN cells. Then the relative ranking between those cells is different depending on if CPICH RSCP or CPICH Ec/No is used. 

· CPICH RSCP will be load independent while CPICH Ec/No will be load dependent.

From the simulation results below it can be seen that CPICH Ec/No will vary up to 7 dB depending on the load.

· CPICH RSCP will have a large dynamic range while CPICH Ec/No will not

From the simulations it can be seen that the CPICH RSCP will vary 30-40 dB when moving from the cell border to the cell center. CPICH Ec/No will only vary 5-6 dB.

· CPICH RSCP will give the possibility to resolve how close to the center of the cell the UE is while CPICH Ec/No will not have that possibility.

From the simulations it can be seen that the CPICH RSCP variations will be 25-30 dB from half the radius to the center of the cell. CPICH Ec/No will only vary 0.5 dB from half the radius to the center of the cell. This means that closer than half the cell radius it is only possible to conclude that the UTRAN cell is as good as it will get, and no relative comparison to a other cells covering the same area can really be done. Therefore it is probably not a good idea to map a measured variation in CPICH Ec/No of 0.5 dB into a 25-30 dB variation in RSSI value to be able to compare the cell to a GSM cell, since the measurement inaccuracies and variations will be enlarged to the same extent.

Assume that the compared UTRAN cells are using the same frequency and that the measured CPICH Ec/No is better than a specified minimum threshold for all cells. Since “No” is common for all cells on the same frequency regardless of the cell measured upon by the UE, the relative difference between cells will depend only on the difference in received CPICH Ec, which also is equal to the relative difference in received CPICH RSCP. Therefore, the relative ranking between those UTRAN cells can be done using CPICH RSCP or CPICH Ec/No with the same result. That if assuming that the UE measurement inaccuracy is equal for the relative difference in CPICH Ec/No as for the relative difference in CPICH RSCP.

The measurement used for cell ranking of a GSM cell (RXLEV) will have the same inherent properties as the CPICH RSCP measured on an UTRAN cell.

If CPICH Ec/No is used for ranking of a UTRAN cell and a mapping function is applied to convert CPICH Ec/No values to RXLEV values the CPICH Ec/No properties will basically be maintained but converted to mapped values by a mapping function.

For idle mode the load dependency is not desired since the load variations will cause UE's to reselect cells back and forth between a GSM cell and UTRAN cell every time the load conditions changes in the UTRAN cell.

A large hysteresis can not be used to protect against load variations since the usable dynamic range of the CPICH Ec/No due to distance is approximately only 5 dB but the load variations can be up to 7 dB.
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Figure 1: CPICH Ec/No properties for different load and different distance

4 Conclusions and proposals

Using a mapped value of the measured CPICH Ec/No for relative cell ranking of UTRAN cells using different frequency or cells using different RAT will not work satisfactory for idle mode. Also the ability to control the actual cell reselection via broadcast control parameters will be severely limited due to the inherent properties of the CPICH Ec/No. However the measured CPICH Ec/No shall be compared to a minimum threshold to consider a cell available for cell selection and cell ranking for cell-reselection. The measured CPICH RSCP should also be compared to a minimum threshold to make sure that the UE can reach the cell by using the allowed (or physically achievable, whichever smallest) UE power when random access is made.

It is also likely that a signal strength measurement will be available as a measured quantity in other RAT’s and that makes signal strength suitable to be used as common quantity for Inter-RAT cell ranking in idle mode. 

It is proposed that no mapping except for offset or information element coding adaptation is performed.

For idle mode cell reselection, the following is proposed:

· A minimum CPICH Ec/No level shall be used for considering a UTRAN cells as available for cell ranking. The minimum level will ensure the UE to have a high probability for receiving PCH, BCCH, PICH and AICH and also prohibit UE's to select cells with a overloaded downlink. 

· A minimum CPICH RSCP level shall be used to ensure that the UE will have enough or be allowed to use enough power at random access to reach the selected cell with RACH. 

· CPICH RSCP + offset shall be used when UTRAN cells, that fulfil the minimum CPICH Ec/No and minimum CPICH RSCP levels, are compared and ranked against each other or against cells using other RAT.

Appendix 1: Simulated properties of Ec/No and RSCP.

Conditions used for simulation:

The conditions are collected from TR 101 112 V3.2.0 (UMTS 30.03 version 3.2.0) “Selection procedures for the choice of the radio transmission technologies of the UMTS”.

Omnicells with 2km Radius in an urban environment.

The frequency used is 2000 MHz.

Path loss model:  L = 15.3 + 37.6Log10(R)  where

R is the distance in meter between the base station and UE. 

Same propagation model is used over the whole cell (thus NLOS used also close to base station).

The base station antenna height is fixed at 15 metres above the average rooftop (hb = 15 m). A simple model (sinc) is used for the vertical antenna gain (this is the reason for the varying signal strength close to the BS). 

Maximum BS power is assumed to be 20 w.

Assumed power used for Common Control Channels is 20 % of the maximum BS power where CPICH is using half (i.e. 10 %) of the maximum BS power. 

Empty system: Total BS power is 20 % of maximum BS power, i.e. only common control channels are transmitted.

Half loaded system: Total BS power is 50 % of maximum BS power.

Full loaded system: Total BS power is 100 % of maximum BS power.

In the figures the UE moves from the BS towards the cell border and continues 500 m inside the neighbouring cell.
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Figure 1: CPICH RSCP (Load independent)
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Figure 2: CPICH Ec/No (Empty)
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Figure 3: CPICH Ec/No (Half of maximum load)
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Figure 4: CPICH Ec/No (Maximum load)
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