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Introduction

On the last 3GPP RAN WG2 meeting #5 several inputs [1]-[4] were presented to improve chapter 9 ‚Measurements provided by the physical layer‘ of the specification TS25.302 ‚Services provided by the Physical Layer‘ [6].

The merged input proposal [5] was incorporated in the specification TS25.302 and the resulting version 2.4.0 was sent to the RAN reflector for approval.

As mentioned in the first editor’s note of chapter 9 the main focus of these inputs was on the FDD mode, although they were considered also applicable for TDD.

The intention of this input paper is to point out some modifications that are necessary for TDD and to propose the respective changes/additions.

Measurements

Generally speaking, all measurements already defined for the FDD mode in TS25.304 v2.4.0 are also useful and applicable for the TDD mode. However, in contrast to FDD, in TDD there is a TDMA component, i.e. each channel is defined by a combination of timeslots and spreading codes. Thus, the measurements in TDD have to be provided on timeslot basis and not continuously as in FDD.

(This is the reason for the sentence ‚For TDD this is measured in specified timeslots‘ added to sections 9.1.6, 9.1.8, 9.1.12, 9.1.13, 9.2.1 and 9.2.2., which means that the network will decide which timeslots to measure).

For ‚TDD only‘ this proposal introduces 3 additional measurements on uplink (UL) channels, that means measurements in the Node B which are performed periodically or depending on a triggering event:

1. The ‚Received timing deviation‘:
This measurement is done to update the timing advance (if it is used) of a moving UE. The Node B measures the time difference of the received UL transmission (PRACH, DPCH, PUSCH) in relation to its timeslot structure that means in relation to the ideal case where an UL transmission would have zero propagation delay.
These measurements are then reported to higher layers, where timing advance values are calculated and signalled to the UE.

2. The ‚Received Interference Signal Code Power Rx ISCP‘:
This measurement is carried out by the Node B in an analogous way to the Rx ISCP measurement in the UE. This measurement is necessary for dynamic channel allocation (DCA) to have a measure for the interference on the UL timeslots.

3. The ‚Received Signal Code Power RSCP‘:
The Node B measures the signal code power of specific channels (DPCH or PUSCH). The measurement results are used for different purposes: On the one hand, together with the measured Rx ISCP (see 2.) it is possible to calculate the SIR (=RSCP/ISCP) in the UL which is used for the DCA as well as for handover decisions.
On the other hand, this parameter also supports the load control with information about the received power from different UEs of the cell and will therefore allow the identification of interferers (this may also apply for FDD).
Furthermore, it can be used as maintenance parameter to control the dynamic range of the different received signal codes for the Joint Detection.

Some further remarks concerning the proposed modifications:

· In section 9.1.1 for the the headline the more general term ‚Observed time difference to UTRA cell‘ was chosen. This name is already used in the table and it also analogous to section 9.1.2 where a GSM cell is considered.
For a synchronized TDD target cell this parameter describes the difference in the propagation delay between the serving and the target cell as well as synchronization inaccuracies. It can be used for synchronized TDD-TDD handover and to ease the monitoring of the CCPCH RSCP.

· Please note that measurements for TDD carried out on the Primary CCPCH can also be carried out on a Secondary CCPCH with has the same constant power level and antenna pattern as the Primary CCPCH.

· In section 9.1.3 we would prefer ‚measured before despreading‘ instead of the implementation specific term ‚measured in the searcher‘, therefore it was written in braces for FDD.

· In section 9.1.5 the cases FDD and TDD were distinguished, since there is no spreading on the midamble.

· Sections 9.1.6 and 9.1.7 are extended for the TDD mode in that way that for 9.1.6 not only the PCCPCH but also other timeslots/channels can be measured (especially for DCA) and that for 9.1.7 the measurement is compatible with the TDD channel definitions.

· Finally, in section 9.1.10 the block error rate BLER measurement of the downlink was also allowed to be carried out ‚on demand‘ (comparable to the uplink), which may reduce power consumption in the UE if this measurement is not needed continuously.
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Proposed Changes to TS 25.302 Services provided by the Physical Layer

The following changes are based on the specification TS 25.302 version 2.4.0 [7] chapter 9 ‚Measurements provided by the physical layer‘. The proposed changes considering TDD are marked with change bars.

9. Measurements provided by the physical layer

One of the key services provided by the physical layer is the measurement of various quantities which are used to trigger or perform a multitude of functions. Both the UE and the UTRAN are required to perform a variety of measurements. The standard will not specify the method to perform these measurements or stipulate that the list of measurements provided in this section must all be performed. While some of the measurements are critical to the functioning of the network and are mandatory for delivering the basic functionality (e.g., handover measurements, power control measurements), others may be used by the network operators in optimising the network (e.g., radio environment). 

Measurements may be made periodically and reported to the upper layers or may be event-triggered (e.g., primary CCPCH becomes better than the previous best primary CCPCH). Another reporting strategy may combine the event-triggered and the periodical approach (e.g. falling of link quality below a certain threshold initiates periodical reporting) The measurements are tightly coupled with the service primitives in that the primitives’ parameters may constitute some of the measurements.

The list and frequency of measurements which the physical layer  reports to higher layers is described in this section.  


EDITOR’S NOTE : The measurements CCPCH Rx SIR and CCPCH Rx ISCP should be reviewed by WG1 for practicality in the UE and WG2 informed of the implications of these measures being mandatory.

The measurement quantities measured by the physical layer shall be such that the following principles are applied:

For handover measurements, the decoding of parameters on the BCCH logical channel of monitored neighbouring cells, should not, in general, be needed for calculating the measurement result. If there is a need to adjust the measurement result with parameters broadcast on the PCCPCH, these parameters shall be provided by the UTRAN in inband measurement control messages. There may be some exceptions to this rule. For example, it may be necessary to decode the SFN of the measured neighbouring cell for time difference measurements. [Note: It should be clarified whether the SFN is a L3 or L1 parameter.]

In idle mode or in RRC connected mode using common Transport Channels, the UE shall be able to monitor cells for cell reselection, without being required to frequently decode parameters on the BCCH logical channel of the monitored neighbouring cells. The decoding frequency of these parameters, set by the cell reselection algorithm, should be such that UE standby times are not significantly decreased.

9.1 Measurements of downlink channels

9.1.1 Observed time difference to UTRA cell
This measure is mandatory for the UE.

Measurement
 Measured time difference to UTRA cell

Source
L1 (UE)

Destination
RRC (RNC) for handover 

Reporting Trigger
On-demand, Event-triggered

Definition
For FDD: The CFN-SFN Observed time difference to cell indicates the time difference which is measured by UE between CFN in the UE and the SFN of the target neighbouring cell. It is notified to SRNC by Measurement Report message or Measurement Information Element in other RRC messages.
For TDD: This is the relative time difference in the frame timing between the serving and the target cell measured at the UE.

Precision Requirement
For handover, precision to [1] chip unit



9.1.2 Observed time difference to GSM cell 

This measure is mandatory for the UE if the handover to GSM service is to be supported.

Measurement
 Measured time difference to GSM cell



Source
L1 (UE)

Destination
RRC (RNC) for maintenance and handover to GSM 

Reporting Trigger
On-demand, Event-triggered

Definition
 Time difference between the Primary CCPCH of the current cell and the timing of the GSMcell.

Precision Requirement
For handover, precision to [x] microseconds 



9.1.3 Primary CCPCH RX Ec/I0   
This measure is mandatory for the UE.

Measurement
primary CCPCH Rx Ec/Io

Source
L1(UE)

Destination
RRC (UE, RNC), 

Reporting Trigger
Periodic, on demand and event triggered

Definition
 –20log10(Ec/Io) where Ec is the energy per chip of the Primary CCPCH (for FDD: measured in the searcher) and Io is the received spectral density.

Precision Requirement
 1 dB

9.1.4  Primary CCPCH Rx SIR

This measure is mandatory for the UE.

Measurement
Primary CCPCH Rx SIR 

Source
L1 (UE)

Destination
 RRC (UE, RNC)

Reporting Trigger
 periodic or event triggered

Definition
This quantity is a ratio of the Primary CCPCH Received Signal Code Power (RSCP) to the Interference Signal Code Power (ISCP). The RSCP is the measured symbol power of the Primary CCPCH at the demodulator output and the ISCP is the measured interference symbol power.

Precision Requirement
 1 dB

9.1.5 Primary CCPCH Rx RSCP

This measure is mandatory for the UE.

Measurement
Primary CCPCH Rx RSCP 

Source
L1(UE)

Destination
 RRC (UE, RNC)

Reporting Trigger
 periodic or event triggered

Definition
Received Signal Code Power, is received power on one code, defined on the pilot symbols after despreading for FDD and on the midamble for TDD.

Precision Requirement
 1 dB

9.1.6 Rx ISCP

This measure is mandatory for the UE.

Measurement
Rx ISCP 

Source
L1(UE)

Destination
 RRC (UE, RNC)

Reporting Trigger
 periodic or event triggered

Definition
Interference on Signal Code Power, is the interference after despreading. Thereby only the non-orthogonal part of the interference is included. For FDD this is measured on the Primary CCPCH. For TDD this is measured in specified timeslots.

Precision Requirement
 1 dB

9.1.7 DPCH SIR

This measure is mandatory for the UE.

Measurement
DPCH SIR 

Source
L1(UE) 

Destination
RRC(UE,RNC)

Reporting Trigger
Periodic, once every power control cycle , event triggered 

Definition
 The ratio of the measured symbol power at the demodulator output to the measured interference power at the demodulator output. For FDD this is measured on the DPCCH.

Precision Requirement
 less than the minimum DL power control step size

9.1.8 UTRA Cell Signal strength (RSSI)

This measure is mandatory for the UE.

Measurement
signal strength

Source
L1(UE)

Destination
RRC (RNC),

Reporting Trigger
 Periodic, event triggered, on demand

Definition
Received Signal Strength Indicator, the wideband received power within the channel bandwidth averaged over [1 s] interval. For TDD this is measured in specified timeslots.

Precision Requirement
 1 dB

9.1.9 Alternate mode Signal strength

9.1.9.1 GSM Signal Strength 

This measure is mandatory for the UE if the service handover to GSM is to be supported.

Measurement
GSM signal strength

Source
L1(UE)

Destination
RRC (RNC)

Reporting Trigger
 Periodic, event triggered, on demand

Definition
reference GSM document 05.08

Precision Requirement
reference GSM document 05.08

9.1.10 Transport CH BLER

This measure is mandatory for the UE.

Measurement
transport channel BLER (BLock Error Rate)

Source
L1(UE)

Destination
RRC(RNC,UE)

Reporting Trigger
 Periodic, on demand

Definition
The error detection mechanism will determine whether or not a block error occurred.  

Precision Requirement
 Transport channel dependent

9.1.11 Physical CH BER

This measure is mandatory for the UE.

Measurement
physical channel BER

Source
L1(UE)

Destination
RRC(UE,RNC)

Reporting Trigger
On-demand, Event-triggered

Definition
The estimate of the raw BER of the physical channel calculated only on the data part.

Precision Requirement
[10%]

9.1.12 Total Tx Power 

Measurement
total Tx power

Source
L1(Node-B)

Destination
RRC(RNC)

Reporting Trigger
On-demand, periodic, Event-triggered

Definition
The total power emitted by the Node-B within the channel bandwidth averaged over an interval of [1 s]. For TDD this is measured in specified timeslots.

Precision Requirement
 1 dB

9.1.13 Code Tx Power

Measurement
Code Tx power

Source
L1(Node-B)

Destination
RRC (RNC)

Reporting Trigger
On-demand, periodic, Event-triggered

Definition
The total power emitted by the Node-B on one channelisation code for one UE averaged over [100 ms]. For TDD this is measured in specified timeslots.

Precision Requirement
 1 dB

9.2 Measurements on uplink channels

9.2.1  UL load

Measurement
UL load

Source
L1 (Node B)

Destination
RRC(RNC)

Reporting Trigger
On-demand, Event-triggered, Periodic

Definition
The total received signal power for a carrier within the cell. For TDD this is measured in specified timeslots.

Precision Requirement
1 dB

9.2.2  UE Tx Power

This measure is mandatory for the UE.

Measurement
UE Tx power

Source
L1(UE)

Destination
RRC (UE,RNC)

Reporting Trigger
On-demand, periodic, Event-triggered

Definition
RRC (UE) – the total Tx power, measured at the antenna connector, averaged over [100 ms].For TDD this is measured in specified timeslots.
RRC (RNC) – indication of Tx power reaching threshold (for example, upper or lower power limits)

Precision Requirement
 3 dB

9.2.3 Transport CH BLER

Measurement
transport channel BLER (BLock Error Rate)

Source
L1(Node-B)

Destination
RRC(RNC)

Reporting Trigger
 periodic, event triggered, on demand

Definition
The error detection mechanism will determine whether or not a block error occurred.  

Precision Requirement
 Transport channel dependent

9.2.4 Physical CH BER

Measurement
physical channel BER

Source
L1(Node-B)

Destination
RRC(RNC)

Reporting Trigger
On-demand, Event-triggered, periodic

Definition
The estimate of the raw BER of the physical channel calculated only on the data part.

Precision Requirement
[10%]

9.2.5 RX Timing deviation (TDD only)

Measurement
 RX timing deviation (TDD only)

Source
L1 (Node B)

Destination
RRC (RNC)

Reporting Trigger
Periodic, Event-triggered

Definition
The difference of the time of arrival of the UL transmissions in relation to the arrival time of a signal with zero propagation delay. 

Precision Requirement
(2 chips

9.2.6 Rx ISCP (TDD only)
Measurement
Rx ISCP 

Source
L1(Node B)

Destination
 RRC (RNC)

Reporting Trigger
 periodic or event triggered

Definition
Interference on Signal Code Power, is the interference after despreading in specified timeslots. Thereby only the non-orthogonal part of the interference is included.

Precision Requirement
 1 dB

9.2.7 Rx RSCP (TDD only)
Measurement
Rx RSCP 

Source
L1(Node B)

Destination
 RRC (RNC)

Reporting Trigger
 periodic or event triggered

Definition
Received Signal Code Power, is received power on one DPCH or PUSCH

Precision Requirement
 1 dB

9.3 Miscellaneous measurements

9.3.1 Time of Arrival (TOA)

The Time of Arrival (TOA) measurement at a single node-B may provide an estimate of the round trip time of signals between the Node-B and the UE and this may be used to calculate a radial distance to the UE within the sector.  A group of simultaneous TOA measurements made from a number of  Node-B or LMU may be used to estimate the location of the UE. This support for this measurement is LCS positioning method dependant..

Measurement
Time of arrival  (TOA)

Source
L1(Node-B or LMU) 

Destination
RRC (RNC-LCS)

Reporting Trigger
on demand, event triggered

Definition
the time of arrival of the uplink transmissions in relation to the CCPCH timing reference..

Precision Requirement
[ 0,5 ] chip

9.3.2 SFN-SFN Observed time difference

The SFN-SFN observed time difference at the UE of a group of Node-B may be used for location calculation. .  The applicability of this measure is LCS method dependent  This support for this measurement is LCS positioning method dependant.

Measurement
SFN-SFN observed time difference

Source
L1 (UE)

Destination
RRC (RNC) for handover, maintenance and LCS

Reporting Trigger
On-demand, Event-triggered

Definition
 Time difference between the Primary CCPCH of the current cell and the Primary CCPCH of a neighboring cell.

Precision Requirement
For LCS, precision to a fraction of a chip

9.3.3 Frequency Offset (FO)

The Frequency Offset (FO) measures the rate of change (drift) of the Relative Time Difference and may be used to estimate the RTD at the time the UE location measurements are made. . This support for this measurement is LCS positioning method dependant.

Measurement
Frequency Offset (FO)

Source
L1( LMU) 

Destination
RRC (RNC-LCS)

Reporting Trigger
On demand, event triggered, periodic

Definition
The Frequency Offset (FO) measures the rate of change (drift) of the Relative Time Difference of the CCPCH transmissions of two Node-B.

Precision Requirement
[ 1 ] Hz
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