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1 Introduction

In RAN WG2, there is currently a discussion on the reflector on how measurements on other cells should be made. On the reflector parameters for the measurement control procedure are discussed. The previous discussion on measurement quantities in WG2 has at the moment stalled because WG2 are waiting for input from WG1 in those questions. At the latest RAN WG2 meeting several measurement quantities were incorporated in TS 25.302. Most of the incorporated measurements are marked FFS. Among the in TS 25.302 incorporated measurement quantities are path loss, the received signal power after despreading, the SIR after despreading and the received Ec/Io using the interference before despreading.

In RAN WG1 Ec/Io is specified to be used for handover measurements while nothing is specified for cell selection/reselection. Also the radio link measurements a UE should support are listed in 25.231 and these are RSSI, ISSI and SIR while Ec/Io is not listed. Therefore this document must be updated.

In RAN WG4 there are also discussions regarding these measurements.

In this document different UE measurements are discussed and defined. We propose that the UE should support different measurements and it is up to the operator how to use the supported measurements to tune the system.

2 Measurements

2.1 Definitions

The purpose of this section is to get a common view on the terminology regarding measurement quantities between the WG’s. The terms defined are then used troughout this document.

In RAN WG2 the following measurements for handover and cell comparisons have been discussed. These measurements are also listed in TS 25.302 V2.3.0 as measurements to be provided by the physical layer to higher layers.

1. Downlink path loss.

2. Downlink received signal code power (RSCP) after despreading.

3. Downlink signal-to-interference ratio (SIR) after despreading on a specific DL channel (RSCP/ISCP).

4. Downlink Ec/I0 (chip energy per total received channel power density).

In RAN WG1 25.231 four measurements are discussed:

1. Ec/Io, which to our understanding does not take orthogonality into account and therefore is better described as Ec/No, which is the terminology used in the following text.

2. RSSI,

3. ISSI,

4. SIR.

In RAN WG4 three measurements are discussed:

1. RSCP,

2. ISCP,

3. SIR.

As can be seen the terminology differs between the different groups. To get a joint view it is here proposed that we use the following definitions:

RSCP, Received Signal Code Power, is the received power on one code after despreading, defined on the pilot symbols.

ISCP, Interference on Signal Code Power, is the interference on the mentioned received signal after despreading. Thereby only the non-orthogonal part of the interference is included in this measurement.

SIR, Signal to Interference Ratio, is the RSCP divided by the ISCP, i.e. SIR is the signal to interference ratio after despreading.

RSSI, Received Signal Strength Indicator, the wideband received power within the channel bandwidth.

Ec/No is with this definition equal to RSCP/RSSI.

2.2 Measurement control concept

The basic idea to maximise the system capacity in WCDMA is to try to keep the total interference level in the system as low as possible while maintaining the required service quality for each user. To maximise the system capacity a number of radio network function (algorithms) controlling the UE and UTRAN transmitted power have to be implemented, both in the UE and in the UTRAN. Essential radio network functions for system performance are power control, cell selection/re-selection, handover (intra-frequency, inter-frequency, inter-mode, inter-system).

All of these functions requires measurements of the radio environment in the UE/UTRAN.

In WG2 TS 25.331 a general Measurement Control Procedure has been defined. By using the defined measurement control concept the UE measurements are not tightly coupled to any radio network function, but instead classified into different measurement types that are characterised of what the UE shall measure. By defining the UE measurement control in this way, the 3GPP standard will not specify any UE measurements that are specific for a certain radio network function or implementation (that might be hard to change later). The measurement control concept will instead give the necessary measurement tools that can be used by the different functions in the UTRAN.

The measurement control concept can be used for cell selection/re-selection and handover measurements. In that way it will be possible to let the operator of the network control what and how to measure to control the radio network algorithms, depending of the environment and the network structure.

At this time it is not clear what kind of measurement quantities that can be needed to support future radio network functions in a mature UTRAN network. Today only Ec/No (called Ec/Io in TS 25.231) is defined within WG1 for handover measurements. Ec/No is indeed a fast measurement and have low implementation complexity but is not optimum for all environments and scenarios (see below). Furthermore, if we in L1 standardisation limit the measurement quantities to only Ec/No it will be very hard to change that in the future if a need for other quantities arises.

Having the measurement concept in mind where it shall be flexible what measurements to use for the radio network, we can see no reasons for not allowing for more measurements than Ec/No, as the actual measurements to perform are totally controlled by the network operator. For example, a network operator can initially choose to base all handover criteria on measuring Ec/No and later on more measurements can be added to enhance the system performance. Our view is that SIR may be used together with Ec/No in the UTRAN handover algorithms. For example, initial rough estimations of handover candidates can be made using Ec/No and from the outcome a more detailed SIR measurement may be made. At least the possibility for the network operator to do so shall exist.

2.3 Characteristics of the measurements

2.3.1 RSCP

The RCSP measures the received power on one code. This measure can be used to make a signal strength relative comparison between different cells. If the output power of the common pilot (CPICH) is the same for all cells a criteria based on RSCP will be equal to a path-loss criteria. By adjusting the output power of the CPICH the size of a cell can be adjusted by using RSCP as a criteria.

Note that for relative comparisons where inter-system neighbours are involved it may be preferred to use a path-loss criteria instead of a pure signal strength criteria, since the path-loss criteria will indicate the attenuation of the radio signal regardless of the output power used. The path loss can be calculated if the transmitted power of the measured cell is known, thereby optimising the uplink and minimising the uplink transmitted power. The output power needed for the path loss calculation can for example be transmitted in the measurement control message from UTRAN together with the neighbours to be measured.

The RSCP measurement is fast because there is always power to estimate from.

2.3.2 ISCP

The ISCP measures the interference on the code after despreading. This measurement gives and indication of the load of the cell and might be different for different cells that are measured simultaneously due to the amount of downlink orthogonality. This parameter takes quite long time to measure if the measurement is done on the pilots. Therefore this parameter is difficult to measure for inter-frequency handovers. The ISCP can be used for SIR calculation.

2.3.3 SIR

The SIR measurement, or rather the ratio of the RSCP and the ISCP measurements, gives a very good indication of the radio link performance. With this criterion the part of the downlink interference that actually interferes with the signal energy (non-orthogonal to the signal) is taken into account.

Ec/No is indeed a fast measurement and have low implementation complexity, but it is still based on measuring interference before despreading (here defined as RSSI). In the Ec/No measurement important information is left out, i.e. the effect of downlink orthogonality which in our view makes SIR a better indicator of the radio link performance.

Arguments that downlink SIR based handover will prioritise cells with high load before cells with low load if the UE is in between the cells has been heard. Consider an UE at the cell border between a cell with high load and a cell with low load. When the UE measures the ISCP on the CPICH in the cell with high load a large part of the interference are orthogonal to the wanted signal and therefore removed in the ISCP. On the other hand when the UE measures the ISCP on the CPICH in the cell with low load the signal from the high load cell will be non-orthogonal to the wanted signal and therefore the ISCP will be higher for the low load cell. However the measured RSCP will be the same from the two cells, assuming equal path loss at the cell border. The measured SIR=RSCP/ISCP will therefore be higher for the cell with high load than for the cell with low load and therefore the high load cell will be prioritised if a SIR based criteria is used.

However, assume that the situation in the uplink is handled by the UTRAN handover algorithm. Consider only to optimise the downlink performance, downlink SIR based handover will prioritise cells where the least output power is needed to achieve the required link performance. If that in some situations, as described above, is equal to connecting to a cell that has more traffic than a surrounding neighbour that should be what we want to achieve, as minimising output power is the main target for maximising CDMA system capacity.

Some arguments for being able to make SIR measurements on radio links for handover measurements are:

· SIR is a better indicator of radio link performance than Ec/No. It will allow mobiles to be connected to the cell(s) where the lowest downlink output power is required for the required service.

· SIR takes orthogonality into account and is therefore more correct to estimate which performance you will have if you handover to a certain neighbour. Thereby it is possible to make a more accurate choice of which cell to handover to.

· SIR together with Ec/No can be used to optimise the handover evaluation with respect to the downlink performance.
2.3.4 RSSI

This is the wideband received signal power and can be used to give a view of the total load in the cells around the UE. The RSSI measurements is also used when measuring on inter-system neighbours. For inter-system measurements the RSSI is of course measured over the, for the other system, relevant channel bandwidth. Using the RSSI measured on inter-system neighbours together with the output power for that neighbour, signalled to the UE together with the neighbour list, the path-loss may also be calculated. No extra complexity will be added by using a path-loss criteria for inter-system neighbours.

It is possible to let inter system evaluation be based on different quantities in different systems. E.g. for UTRAN to GSM handover the criterion could be:

· Do handover when the UTRAN cell is below a Ec/No threshold and the GSM cell is above a RSSI (RX-Lev) threshold. This allows the handover to be based on quantities that are unique for each system and UTRAN does not have to have translation tables for Ec/No to RX-Lev values.

On the other hand if pathloss is available it is also possible to let the UTRAN to GSM handover criteria be based on estimated pathloss in both system. The criteria could be:

· Do the handover when the (pathloss to UTRAN cell) > (pathloss to GSM cell) + Hysteresis.

Pathloss can probably be regarded as neutral with regards to different systems, therefore it can be used as a relative comparison between UTRAN and GSM cells.

2.3.5 Ec/No

This is identical to RSCP/RSSI, the received power on the code divided by the total received power in the channel bandwidth. For intra-frequency cell comparisons Ec/No and RSCP gives the same information. However, a benefit of reporting Ec/No is that UTRAN gets some basis to set initial downlink power for an added soft handover leg, at RACH/FACH to DCH state transitions or by transmissions on the FACH.

Inter-frequency handover evaluation based on Ec/No will also give some adaptation to the down link load of each carrier i.e. if Ec is of equal strength the frequency that is least disturbed (No) is chosen.

2.4 Complexity of the measurements

For all the measurement quantities defined in 2.1 it is difficult to get good absolute accuracy. However, the relative accuracy is much better than the absolute. Fortunately, it is the relative accuracy that is of interest, since it is a relative comparison of different cells that we are interested in for cell selection/re-selection and handover evaluation.

2.4.1 RSCP

The RSCP is measured on the pilot symbols of the common pilot (CPICH). The CPICH is continuously revisited. Thereby the RSCP is measured with some periodicity even if it is not reported. As RSCP is part of the Ec/No, which is already accepted, no extra complexity is added.

2.4.2 ISCP

The ISCP can be measured in several ways, but this parameter is always measured on dedicated channels for the power control SIR estimation. Therefore the function to measure it is available in the UE. However this means that this function is used more often and thereby it means an increase of complexity and dissipated power it.

In idle mode this measurement degrades the duty cycle at which the receiver is on and thereby the standby time is degraded.

2.4.3 SIR

The SIR is the defined as the ratio between RSCP and ISCP, e.g. SIR=RSCP/ISCP. Therefore no extra complexity, relative to measuring RSCP and ISCP, is introduced.

2.4.4 RSSI

The RSSI is normally the power the AGC is adapted to. Therefore, we can assume that this measurement is implemented and measurements are performed continuously. As the RSSI is part of the Ec/No there will be no extra complexity introduced by measuring the RSSI.

2.4.5 Ec/No

This is the ratio between the RSCP and the RSSI, e.g. Ec/No=RSCP/RSSI. This value can also be seen as the signal strength out from the RAKE compared with the noise/interference floor, which the AGC is adapted to. Therefore, while synchronised to the cell this parameter is easy to measure and it is a fast measurement.

3 Summary of handover and cell selection/reselection parameters

There are four different measurement parameters that can be foreseen to be used as criteria for handover and cell selection/reselection. The parameters are defined and explained in section 2. The measurement parameters are:

1) RSCP

2) Path loss, actually not a physical measurement but rather a calculation using the RSCP and the output power signalled to the UE together with each neighbour in the neighbour list. Therefore the path loss is not considered as a L1 measurement, but rather a calculation performed by higher layers.

3) SIR

4) Ec/No.

All parameters have different characteristics and may therefore be used for different kinds of handovers and cell selection criteria. For inter-frequency handovers the SIR measurement is difficult to perform.

By having the possibility to use all these measurements, the operators can choose the best parameters to measure according to how the environment looks like.

4 Proposal 

It is proposed to allow all four parameters mentioned in section 3 for handover, cell selection and reselection criteria. The UE shall be able to report any of the proposed parameters in section 3. 

It is proposed that L1 shall be able to measure the quantities RSCP, SIR, RSSI and Ec/No and report them to higher layers. As the path loss is a calculation using RSCP and the output power it will not be reported by L1. The path loss shall be calculated by higher layers.

Text proposals for the layer 1 measurements are found in section 5. Note that the proposed text in section 5 shall replace the current contents in all the sections.
The measurements are in Layer 2 and 3 handled in measurement control messages from UTRAN to UE. The network operators can then, exactly as in GSM today, trade the standby time of the terminals to the necessity of a certain measurement.

The hardware of the UE is not affected since all the proposed parameters must be possible to measure anyway.

5 Text Proposal for 25.231, Measurements

5.1.2
Measurement from the cell selection monitoring set and reporting to higher layers

For intra system measurements the UE shall support measuring and reporting to higher layers of the quantities:

1. RSCP,

2. SIR,

3. Ec/No, 

of the Common Pilot Channel (CPICH). See section 8 for the definition of the quantities.

For inter system (GSM/PDC) measurements the UE shall support measuring and reporting to the higher layers of the quantities:

1. RSSI,

of the physical broadcast channel of the target system (GSM/PDC). See section 8 for the definition of the quantities.
5.2.2
Measurements for cell reselection and reporting to higher layers

For intra system measurements the UE shall support measuring and reporting to the higher layer s of the quantities:

1. RSCP,

2. SIR,

3. Ec/No, 

of the Common Pilot Channel (CPICH). See section 8 for the definition of the quantities.

For inter system (GSM/PDC) measurements the UE shall support measuring and reporting to the higher layers of the quantities:

1. RSSI,

2. 
of the physical broadcast channel of the target system (GSM/PDC). See 8 for the definition of the quantities.
7.1.3.2 Monitoring of FDD cells on the same frequency

The UE shall measure and report to the higher layers from the cells on the same frequency, belonging to the handover monitoring set, any of the quantities:

1. RSCP,

2. SIR,

3. Ec/No,

of the CPICH.

The UE shall also measure the relative timing difference between cells according to section 8.

7.1.3.3.4 Monitoring of FDD cells on other frequencies at the UE for the handover preparation from UTRA FDD to UTRA FDD

7.1.3.3.4.1 Setting of the compressed mode parameters

7.1.3.3.4.2 Measurements

The UE shall measure and report to the higher layers from the cells on a different frequency, belonging to the handover monitoring set, any of the quantities:

1. RSCP,

2. SIR,

3. Ec/No,

of the CPICH.

The UE shall also measure the relative timing difference between cells according to section 8.
7.1.3.3.5 Monitoring of TDD cell at the UE for the handover preparation from UTRA FDD to UTRA TDD

7.1.3.3.5.1 Setting of the compressed mode parameters

7.1.3.3.5.2 Measurements

The UE shall measure and report to the higher layers from the TDD cells, belonging to the handover monitoring set, any of the quantities:

1. RSCP,

2. SIR,

3. Ec/No,

of the
 CCPCH.
8 Radio link measurements
RSCP:
Definition:
Received Signal Code Power, is the received power on one code after de-spreading, defined on the pilot symbols. UE measurements shall be possible on the CPICH, PCCPCH, SCCPCH for each RL and on DPCH for each RL and after RL combination. UTRAN measurements shall be possible on PRACH for each RL and on DPCH for each RL and after RL combination.
Purpose:
Handover evaluation, DL open loop power control, calculation of SIR and pathloss.

ISCP
Definition:
Interference on Signal Code Power, is the interference on the received signal after de-spreading. Thereby only the non-orthogonal part of the interference is included in this measurement. UE measurements shall be possible on the CPICH, PCCPCH, SCCPCH for each RL and on DPCH for each RL and after RL combination. UTRAN measurements shall be possible on the PRACH for each RL and on DPCH for each RL and after RL combination.
Purpose:
This quantity is used for calculating SIR.

SIR
Definition:
Signal to Interference Ratio, is defined as the RSCP divided by the ISCP. The measuring of SIR shall be possible both for the UE and UTRAN according to the measurement of RSCP and ISCP.
Purpose:
UL/DL inner/outer loop power control, UL/DL open loop power control, handover evaluation, initial power setting.

RSSI
Definition: (note that the RSSI is not a radio link measurement, but it is defined in this section anyway)
Received Signal Strength Indicator, the wide-band received power within the relevant channel bandwidth. UE measurements shall be possible for the relevant UTRAN DL channel bandwidth and for the other systems supported according to the applicable system DL bandwidth and channel structure. UTRAN measurements shall be possible for the relevant UTRAN UL channel bandwidth.
Purpose:
Inter system (GSM/PDC) handover evaluation.

Ec/No
Definition:
The received signal code power divided by the total received power in the channel bandwidth and is defined as RSCP/RSSI. The measuring of Ec/No shall be possible both for the UE and UTRAN according to the measurement of RSCP.
Pupose:
Handover evaluation.

