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1. Introduction

In this document the accuracy requirements for Radio Resource Management measurements specified in TS 25.123 are discussed.

In chapter 2 the dependencies and achievable accuracies considering implementation aspects are examined.

Chapter 3 gives a conclusion and proposes requirements for TS25.123, where reasonable values – which take into account the discussions in other working groups - are presented.

A text proposal for TS25.123 is presented at the end of the document.

2. Implementation aspects

For all the specified measurements in TS 25.123 it is sensible to distinguish between four types of accuracies:

1. Accuracy of measurements on received power levels

2. Accuracy of measurements on transmitted power levels

3. Accuracy of  timing measurements

4. Accuracy of error rate measurements

2.1. RX power levels

The achievable accuracy depends mainly on the accuracy of the hardware and the applied software compensation techniques. 

The following components are in the RX-signal path and therfore influence the accuracy:

· Input RF-Filter, PIN Diodes


· Low Noise Amplifier (LNA, switchable)

· Mixer, IF-Filter

· Automatic Gain Control (PGC, programmable gain control unit)

· Demodulator

· ADC (analog to digtal conversion)

· Digital signal processing

Taking into account all the inaccuracies of these receiver parts the following overall minimum requirements due to implementation (taking into account reasonable implementation efforts and experiences with existing GSM hardware) are stated:

The obtained overall accuracy should be better than +/- 1.5dB,  for input levels below –70dBm for UE as well as UTRAN and +/-2.5dB for the full measurement range.

For SIR, which is derived from measurements on signals passing the same signal path, the relative accuracy will be better (from hardware implementation point of view). Without looking at the inaccuracies in digital processing, for the RF signal path the accuracy (which is a relative accuracy) will be better than +/-1dB in case the RSCP and ISCP levels have a maximum differance of 15dB. 

2.2. TX power levels

For the UE the dynamic range for output power control has to be close to 80dB. This is much more than in the case of GSM where about 40dB are sufficient. To achieve control over this wide range, probably a new concept has to be used, taking advantage of some type of programmable gain control in the (linear) TX path.

The following components of the TX path have influence on the accuracy:

· accuracy of the modulator output level 

· PGC accuracy

· Linearity of the TX path including the PA

· In this concept the accuracy of the higher output power levels would be determined mainly by the accuracy of the detector circuit

Of course software controlled compensation techniques also will be applied in the TX path. On the other hand tolerance of the modulator output level can be quite high and efficiency enhancing techniques in the Power Amplifier will lead to a reduced accuracy at lower power levels. 

Power levels in the region of the maximum output power can be measured more accurately than in full range by applying state-of-the-art techniques (cf GSM: coupler and RF detection).

In the base station (UTRAN) additional accuracy difficulties arise because the Power Amplifier has to carry signals for different UE´s (requiering simultaneous and independent power control). It should be possible to overcome these with the higher effort possible in the base stations and therefore achieve the same output power accuracies as in the UE.

This leads to the following reasonable minimum requirements due to implementation:

+/- 4dB in the total range (NB: UE: 33dBm..-44dBm, UTRAN: 43dBm...13dBm)

+/- 2dB in the range 30dBm...15dBm for UE and 43dBm..28dBm for UTRAN

+/- (a x 0.5dB) for the relative accuracy of values adB apart (i.e. relative accuracy of the ratio of the power levels)

2.3. Timing measurements

For the measurements of time differences for RRM two cases have to be considered:

1. Initial accuracy before synchronisation

2. Accuracy after synchronization

For RRM measurements we only have to consider the second case, because all measurements are made in synchronized state. The frequency error is specified in TS25.102 and TS25. 

The basically available accuracy of +/- 0.5 chips after sampling can only be increased by oversampling, which is dependent on the specific implementation. When synchronised with the carrier (UTRAN as well as GSM) the accuracy of the measured time differences is even less, because the receiver is tracking  the carrier.

So the proposed minimum accuracy requirement due to implementation is the duration of  +/-0.5 chip.

2.4. Error rate measurements

From the implementation point of view, the accuracy of error rate measurements only depends on averaging time and error detection algorithms.

Therefore all required accuracies are achievable in principle. An accuracy of +/-10% of the absolute value is proposed in square brackets.

3. Conclusion

We discussed the possible minimum accuracy requirements due to implementation aspects. Regarding these restrictions and taking into account discussions on range and resolutions in other working groups we propose the following requirements for RR measurements performance in specification TS 25.123.

The table below sums up all measurements of TS25.123 with

· the possible minimum requirements due to implementation aspects as discussed above in section 2

· the proposed requirements for TS25.123, which are reasonable from network as well as from implementation point of view (in the left column).

· Remarks

UE Measurements:

Measurement name 
Minimum possible requirements due to reasonable   implementation aspects
Proposed requirement for TS 25.123
Remarks


P-CCPCH RSCP


+/‑1.5dB below –70dBm

+/-2.5dB full range
+/-2dB below –70dBm;

+/-3dB full range


CPICH RSCP
see FDD
see FDD 


RSCP
+/‑1.5dB below –70dBm

+/-2.5dB full range
+/-2dB below –70dBm;

+/-3dB full range


Timeslot ISCP
+/‑1.5dB below –70dBm

+/-2.5dB full range
+/-2dB below –70dBm;

+/-3dB full range


UTRA carrier RSSI
+/‑1.5dB below –70dBm

+/-2.5dB full range
+/-2dB below –70dBm;

+/-3dB full range


GSM carrier RSSI

GSM05.08
Specified already (GSM05.08)

SIR
Relative accuracy of RSCP to ISCP better than absolute acc. (on same signal path) : +/-1dB for SIR( 15dB



CPICH Ec/N0
see FDD
see FDD


Physical channel BER
f(av. time, error detection)
[+/-10% of the absolute BER value]
Acc. depending on averaging time and error detection;

Network requirements depending on defined perf. criterions 

Transport channel BLER
f(av. time, error detection)
[+/-10% of the absolute BLER value]
Acc. depending on averaging time and error detection;

Network requirements depending on defined perf. criterions 

UE Transmitted power
+/‑4dB in total range (30dBm..‑44dBm); 

+/‑2dB in the range 30dBm..15dBm; 

relative for 1dB +/‑0.5dB
Absolute +/‑6dB; 

relative a x+/‑0.5dB for levels adB apart




SFN-SFN observed time difference
1/(2x oversamplingfactor) after synchronization
+/-0.5 chips period
Acc. depending on oversampling and accuracy of the carrier after recovery



Observed time difference to GSM cell
1/(2x oversamplingfactor) after  synchronization


+/-0.5 chips period
Acc. depending on oversampling and accuracy of the carrier after recovery

UTRAN Measurements:

Measurement name 
Minimum possible requirements due to reasonable   implementation aspects
Proposed requirement for TS 25.123
Remarks


RSCP
+/‑1.5dB below –70dBm

+/-2.5dB full range
+/-2dB below –70dBm;

+/-3dB full range


Timeslot ISCP
+/‑1.5dB below –70dBm

+/-2.5dB full range
+/-2dB below –70dBm;

+/-3dB full range


RSSI
+/‑1.5dB below –70dBm

+/-2.5dB full range
+/-2dB below –70dBm;

+/-3dB full range


SIR
Relative accuracy of RSCP to ISCP better than absolute acc. (on same signal path): +/-1dB for SIR( 15dB 



Physical channel BER
f(av. time, error detection)
[+/-10% of the absolute BER value]
Acc. depending on averaging time and error detection;

Network requirements depending on defined perf. criterions 

Transport channel BLER
f(av. time, error detection)
[+/-10% of the absolute BLER value]
Acc. depending on averaging time and error detection;

Network requirements depending on defined perf. criterions 

...UTRAN Measurements

Transmitted carrier power
+/‑4dB in total range [43dBm..13dBm]; 

+/‑2dB in the range 43dBm..28dBm; 

relative for  1dB +/‑0.5dB
Absolute +/‑6dB; 

relative a x+/‑0.5dB for levels adB apart




Transmitted code power
+/‑4dB in total range [43dBm..13dBm]; 

+/‑2dB in the range 43dBm..28dBm; 

relative for 1dB +/‑0.5dB
Absolute +/‑6dB; 

relative a x+/‑0.5dB for levels adB apart




RX timing deviation
1/(2x oversamplingfactor) after synchronization


+/-0.5 chips period
Acc. Depending on oversampling and accuracy of the carrier after recovery
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Measurements Performance Requirements

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 complete list of measurements is specified in TSG RAN WG2 S25.302 "Services Provided by Physical Layer". The physical layer measurements for TDD are described and defined in TSG RAN WG1 TS25.225 “Physical layer – Measurements (TDD)”. In this section for TDD, per each measurement the relevant requirements on performance in terms of accuracy are reported.

11.1
Measurements Performance for UE

11.1.1 P-CCPCH RSCP

Definition
Received Signal Code Power, the received power on P-CCPCH of own or neighbour cell after despreading. The reference point for the RSCP is the antenna connector at the UE.

Requirement
The minimum requirement on the measurement accuracy shall be +/-2dB for power levels below –70dBm and +/-3dB for the full range.

11.1.2 CPICH RSCP

Definition
Received Signal Code Power, the received power on the CPICH code after despreading. The reference point for the RSCP is the antenna connector at the UE.

Requirement


11.1.3 RSCP

Definition
Received Signal Code Power, the received power on the code of a specified DPCH or PDSCH after despreading. The reference point for the RSCP is the antenna connector at the UE.

Requirement
The minimum requirement on the measurement accuracy shall be +/-2dB for power levels below –70dBm and +/-3dB for the full range.

11.1.4 Timeslot ISCP

Definition
Interference Signal Code Power, the interference on the received signal in a specified timeslot after despreading. Only the non-orthogonal part of the interference is included in the measurement. The reference point for the ISCP is the antenna connector at the UE.

Requirement
The minimum requirement on the measurement accuracy shall be +/-2dB for power levels below –70dBm and +/-3dB for the full range.

11.1.5 UTRA carrier RSSI

Definition
Received Signal Strength Indicator, the wide-band received power within the relevant channel bandwidth in a specified timeslot. Measurement shall be performed on a UTRAN DL carrier. The reference point for the RSSI is the antenna connector at the UE.

Requirement
The minimum requirement on the measurement accuracy shall be +/-2dB for power levels below –70dBm and +/-3dB for the full range.

11.1.6 GSM carrier RSSI

Definition
Received Signal Strength Indicator, the wide-band received power within the relevant channel bandwidth in a specified timeslot. Measurement shall be performed on a GSM BCCH carrier. The reference point for the RSSI is the antenna connector at the UE.

Requirement
For GSM: according to the definition of RXLEV in GSM 05.08.

11.1.7 SIR

Definition
Signal to Interference Ratio, defined as the RSCP of a DPCH or PDSCH divided by ISCP of the same timeslot. The reference point for the SIR is the antenna connector of the UE.

Requirement


11.1.8 CPICH Ec/No

Definition
The received energy per chip divided by the power density in the band. The Ec/No is identical to RSCP/RSSI. The reference point for Ec/No is the antenna connector at the UE.

Requirement


11.1.9 Physical channel BER

Definition
The physical channel BER is an estimation of the average bit error rate (BER) before channel decoding of the data.

Requirement
The minimum requirement on the measurement accuracy shall be [+/-10% of the absolute BER value].

11.1.10 Transport channel BLER

Definition
Estimation of the transport channel block error rate (BLER). The BLER estimation shall be based on evaluating the CRC on each transport block.

Requirement
The minimum requirement on the measurement accuracy shall be [+/-10% of the absolute BLER value].

11.1.11 UE transmitted power

Definition
The total UE transmitted power on one carrier measured in a timeslot. The reference point for the UE transmitted power shall be the UE antenna connector.

Requirement
The minimum requirement on the measurement accuracy shall  be +/-6dB for the absolute value. For power levels which are separated by a dB, the minimum relative accuracy shall be +/-(a times 0.5)dB.

11.1.12 SFN-SFN observed time difference

Definition
Time difference in the frame timing between the serving TDD cell and the frame timing of the target UTRA cell measured by means of P-CCPCH for a TDD cell and by means of CPICH for an FDD cell.

Requirement
The minimum requirement on the measurement accuracy shall be +/-0.5 chips period.

11.1.13 Observed time difference to GSM cell 

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

Requirement
The minimum requirement on the measurement accuracy shall be +/-0.5 chips period

11.2
Measurements Performance for UTRAN

11.2.1 RSCP

Definition
Received Signal Code Power, the received power on one DPCH, PRACH or PUSCH code after despreading. The reference point for the RSCP shall be the antenna connector.

Requirement
The minimum requirement on the measurement accuracy shall be +/-2dB for power levels below –70dBm and +/-3dB for the full range.

11.2.2 Timeslot ISCP

Definition
Interference Signal Code Power, the interference on the received signal in a specified timeslot after despreading. Only the non-orthogonal part of the interference is included in the measurement. The reference point for the ISCP shall be the antenna connector.

Requirement
The minimum requirement on the measurement accuracy shall be +/-2dB for power levels below –70dBm and +/-3dB for the full range.

11.2.3 RSSI

Definition
Received Signal Strength Indicator, the wide-band received power within the UTRAN UL channel bandwidth in a specified timeslot. The reference point for the RSSI shall be the antenna connector.

Requirement
The minimum requirement on the measurement accuracy shall be +/-2dB for power levels below –70dBm and +/-3dB for the full range.

11.2.4 SIR

Definition
Signal to Interference Ratio, defined as the RSCP of the DPCH or PUSCH divided by ISCP of the same timeslot. The reference point for the SIR shall be the antenna connector.

Requirement


11.2.5 Physical channel BER

Definition
The physical channel BER is an estimation of the average bit error rate (BER) of a DPCH or PUSCH before channel decoding of the data.

Requirement
The minimum requirement on the measurement accuracy shall be [+/-10% of the absolute BER value].

11.2.6 Transport channel BLER

Definition
Estimation of the transport channel block error rate (BLER) of a DCH or USCH. The BLER estimation shall be based on evaluating the CRC on each transport block.

Requirement
The minimum requirement on the measurement accuracy shall be [+/-10% of the absolute BLER value].

11.2.7 Transmitted carrier power

Definition
Transmitted carrier power, is the total transmitted power on one DL carrier from one UTRAN access point measured in a timeslot. The reference point for the UTRAN total transmitted power measurement shall be the antenna connector.

Requirement
The minimum requirement on the measurement accuracy shall  be +/-6dB for the absolute value. For power levels which are separated by a dB, the minimum relative accuracy shall be +/-(a times 0.5)dB.

11.2.8 Transmitted code power

Definition
Transmitted Code Power, is the transmitted power on one carrier and one channelisation code in one timeslot. The reference point for the transmitted code power measurement shall be the antenna connector at the UTRAN access point cabinet.

Requirement
The minimum requirement on the measurement accuracy shall  be +/-6dB for the absolute value. For power levels which are separated by a dB, the minimum relative accuracy shall be +/-(a times 0.5)dB.

11.2.9 RX Timing Deviation

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.

Requirement
The minimum requirement on the measurement accuracy shall be +/-0.5 chips period

Note: This measurement can be used for timing advance calculation or location services.
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