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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. The measurement control algorithms are discussed as well as the measurement quantities that might be used. The quantities discussed are the path loss, the received signal power after despreading, the SIR after despreading and the received Ec/Io 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 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 measurements are discussed. We proposed that the UE should support different measurements and it is up to the operator how to use the measurements to tune the system.

2 Measurements

2.1 Definitions

In RAN WG2 the following measurements for handover and cell comparisons have been discussed: 

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 24.231 four measurements are discussed:

1. Ec/Io, which to our understanding does not take orthogonality into account and therefore is better described as Eb/No,

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.

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 Characteristics of the measurements

2.2.1 RSCP

With this measurement one can compare the received power from different cells and choose the strongest. If this relative measurement is used directly the size of a cell can be adjusted by the output power of the Primary CCPCH. 

The path loss can also be calculated if the transmitted power at the base station is known, thereby optimising the uplink and minimising the uplink transmitted power. This measurement is fast because there is always power to estimate from.

2.2.2 ISCP

This measurement gives the load of the cell and might be different for different cells that are measured simultaneously due to the 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.

2.2.3 SIR

The SIR measurement, or rather the combination of the RSCP and the ISCP measurements, tells us how large link margin there are on the Primary CCPCH. With this criterion the individual downlink cell interference is used to find the selected cell.

2.2.4 RSSI

This is the wideband received signal power and can only be used to give a view of the total load in the cells around the UE.

2.2.5 Ec/No

This is identical to RSCP/RSSI, the received power on the code divided by the total received power in the channel bandwidth.

2.3 Complexity of the measurements

For all the above measurements 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.

2.3.1 RSCP

The RSCP can be measured on the pilot symbols of the Primary CCPCH. This is done when synchronizing to the cell. For a well planned network, there is no need to read the BCH to find cell id, the cell should be uniquely identified by the scrambling code number it uses. Anyway, before reporting the value the cell has been identified. After that the Primary CCPCH (or the synchronization channel) must anyway be revisited to keep the synchronization. Thereby the RSCP is measured with some periodicity even if it not should be reported.

2.3.2 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 even though it means an increase of complexity and dissipated power to measure it.

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

2.3.3 SIR

The SIR is just the ratio between the two parameters above, RSCP and ISCP.

2.3.4 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.

2.3.5 Ec/No

This is the ratio between the RSCP and the 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 synchronized to the cell this parameter is easy to measure and it is a fast measurement.

3 Conclusions

There are four different parameters that can be used for handover and cell selection/reselection measurements and criteria. Their definitions are given above. The parameters are:

1) RSCP

2) Path loss, derived from RSCP and the reported output power.

3) SIR, gives the margin for detection of the signal. 

4) Ec/No. For 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.

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 used all these measurements, the operators can choose the best parameters to measure according how the environment looks like.

4 Proposal 

It is proposed to allow the four parameters mentioned above for both handover and cell selection and reselection criteria. This are in Layer 2 and 3 handled in measurement control messages from UTRAN to UE. The 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 these parameters must be able to measure anyway.

5 Text Proposal in 24.231, Measurements

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

The UE shall support measuring and reporting of the quantities 
1) RSCP,
2) Pathloss, derived from RSCP and the reported output power,
3) SIR,
4) Ec/No, 

to the higher levels.
5.1.2 Measurements for cell reselection and reporting to higher layers

<Editor’s note : requirements need to be defined based on collaborative work with other WGs>
The UE shall support measuring and reporting of the quantities 

1) RSCP,
2) Pathloss, derived from RSCP and the reported output power,
3) SIR, 

4) Ec/No,

to the higher levels.

7.1.3.2 Monitoring of FDD cells on the same frequency

<Editor’s note : no requirement has been defined yet, in terms e.g. of number of cells to be able to monitor in a given time, precision of individual measurements... Text included in this section is more of a descriptive nature and provide the list of measurements to be reported by the physical layer to higher layer >

During the measurement process of cells on the same frequencies, the UE shall find the necessary synchronisation to the cells to measure using the primary and secondary synchronisation channels and also the knowledge of the possible scrambling codes in use by the neighbouring cells. 

As the UE does measurement, at least the following information is obtained:

The UE shall measure from the cells on the same frequency, belonging to the handover monitoring set, any of the quantities 

1) RSCP,
2) Pathloss, derived from RSCP and the reported output power,
3) SIR,

4) Ec/No,

of the Primary CCPCH 

Relative timing between the cells, measured for example from the phase difference between the scrambling code, depending on the timing difference between the cells.

<Editor’s note : requirements need to be defined based on collaborative work with other WGs>

6 Radio link measurements

<editor’s note : this section should described the measurements that are performed either at the UE or UTRAN side and that are 

· either reported and can be checked on the interfaces 

· or lead to some procedures in the mobile, leading to an expected behaviour of the said UE.

This section can provide some requirements on the measurement in terms of precision for various conditions, although some of this might be more applicable to the WG4 documentation. The mapping of the raw values onto reported values with a limited range, where such reported values transit between layers or across the interface should be also given. Only the acronyms are provide here>

RSCP : Received Signal Code Power
ISCP : Interference on Signal Code Power 

RSSI : Received signal strength for useful part

SIR : Signal to interference ratio
Ec/No : Received Signal Code chip Energy over total power in the channel bandwidth.
Relative signal strength (for Handover)

