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1 Background

Tdoc R4-011087 and  R4-011088 submitted to the present meeting proposes a corresponding CRs to TS 25.133-360 “Requirements for Support of Radio Resource Management (FDD)”. This document discusses the reasons for these CRs.

The issues raised are all concerned with the test parameters used in the UTRA RSSI and CPICH Ec/Io accuracy tests used for UE measurement performance. We highlight the problems and suggest different test parameters to solve them.

	Name of measurement
	Type of problem
	Suggested solution

	UTRA carrier RSSI 
	Ioc calculation is wrong.
	Replace by correct value.

	CPICH Ec/Io Intra frequency absolute and relative accuracy
	Ioc calculation should be different for absolute accuracy and relative accuracy cases.
	Replace test parameters table by 2 tables: One for absolute accuracy, the other for relative accuracy.

	CPICH Ec/Io Intra frequency absolute and relative accuracy
	CPICH Ec/Io level set by the test parameters does not verify the accuracy requirements.
	Set test case for each accuracy requirement.

	CPICH Ec/Io Intra frequency absolute accuracy
	Lower end of Io range is problematic, since noise figure of the receiver limits the Io measurement accuracy.
	Limit lower end of Io to –87 dBm.

	CPICH Ec/Io Inter frequency absolute and relative accuracy
	CPICH Ec/Io level set by the test parameters does not verify the accuracy requirements.
	Set test case for each accuracy requirement.

	CPICH Ec/Io Inter frequency absolute and relative accuracy
	Lower end of Io range is problematic, since noise figure of the receiver limits the Io measurement accuracy.
	Limit lower end of Io to –87 dBm.


2 UTRA Carrier RSSI

Received Signal Strength Indicator, the wide-band received power within the relevant channel bandwidth. Measurement shall be performed on a UTRAN downlink carrier. The reference point for the RSSI shall be the antenna connector of the UE.

Note:
This measurement is for Inter-frequency handover evaluation.

2.1 Absolute accuracy requirement

Section 9.1.3 in TS 25.133 specifies this requirement.

Table 1: Io Inter frequency absolute accuracy

	Parameter
	Unit
	Accuracy [dB]
	Conditions

	
	
	Normal condition
	Extreme condition
	Io [dBm]

	Io
	dBm
	( 4
	( 7
	-94...-70

	
	dBm
	( 6 
	( 9
	-94...-50


Section A.9.1.3 in TS 25.133 specifies the test conditions.

When verifying the UTRA Carrier RSSI absolute accuracy requirement only cell 1 in Table 2 shall be present. When verifying the UTRA Carrier RSSI relative accuracy requirement both cell 1 and 2 in Table 2 shall be present.

Table 2: UTRA Carrier RSSI Inter frequency test parameters

	Parameter
	Unit
	Cell 1
	Cell 2

	UTRA RF Channei number
	-
	Channel 1
	Channel 2

	Îor/Ioc
	dB
	-1
	-1

	Ioc
	dBm/ 3.84 MHz
	Io ‑4.13 dB = Ioc
	Io ‑4.13 dB = Ioc

	Range 1: Io

Range 2: Io
	dBm/ 3.84 MHz
	-94…-70 

-94…-50
	-94…-70 

-94…-50

	Propagation condition
	-
	AWGN


2.2 Absolute accuracy requirement evaluation

2.2.1 Wrong Ioc calculation 

According to Table 2
Ioc = Io –4.13 dB = 0.3863 Io 

Therefore

Îor = Io - Ioc =0.6136 Io
But then 

Îor/Ioc =0.6136/0.3863=1.588=2dB

This contradicts the value in Table 2 itself. 

The error source is probably due to relative accuracy tests, where two cells are active, but since they are at different frequencies, the same calculation as above holds for each frequency.

2.2.2 Problem with lower end of Io range

A practical receiver has a noise floor due to internal thermal noise. This is given by the receiver’s noise figure.

The thermal noise in the WCDMA bandwidth is

Thermal noise = -174 dBm/Hz + 10*log(3.84e6Hz) = -108 dBm.

Assuming we want the error in RSSI measurement due to thermal noise to be 0.5 dB, then at the lowest input power level of –94 dBm, the internal noise should be no more than 

Internal noise = -93.5 dBm – (-94dBm) = -103 dBm.

This means the receiver’s noise figure needs to be less than 5 dB, which looks like a very strict requirement.

If we look at a more realistic case, using a noise figure of 9 dB, as suggested in TS 25.942:

Internal noise = Thermal noise [dBm] + noise figure [dB] = -108 + 9 = -99 dBm

The offset to the power measurement will be:

-94 dBm + (-99 dBm) = -92.8 dBm

This will give rise to an error of 1.2 dB !

If we limit the input power to –87 dBm the total input power will be 

-87 dBm + (-99 dBm) = -86.75 dBm

and the error will be just 0.25 dB.

Although, this error might seem small for an allowed error of 4 dB, this error is very important, as this error will offset all the Ec/Io measurements from their expected values, as we’ll see later on.

2.2.3 Suggestion

· Set in Table 2  Ioc = Io –2.54 dB.

3 CPICH Ec/Io Intra frequency measurements accuracy

The received energy per chip divided by the power density in the band. The Ec/No is identical to RSCP/RSSI. Measurement shall be performed on the Primary CPICH. The reference point for the CPICH Ec/No shall be the antenna connector of the UE. If Tx diversity is applied on the Primary CPICH the received energy per chip (Ec) from each antenna shall be separately measured and summed together in [Ws] to a total received chip energy per chip on the Primary CPICH, before calculating the Ec/No.

Note:
This measurement is for Cell selection/re-selection and for handover evaluation.

Section 9.1.2.1 in TS 25.133specifies this requirement.

Section A.9.1.2.1 in TS 25.133 specifies the test conditions.

3.1 Absolute accuracy requirement

The accuracy requirements in Table 3 are valid under the following conditions:

Table 3: CPICH_Ec/Io Intra frequency absolute accuracy

	Parameter
	Unit
	Accuracy [dB]
	Conditions

	
	
	Normal condition
	Extreme condition
	Io [dBm]

	CPICH_Ec/Io
	dB
	( 1.5 for ‑14 ( CPICH Ec/Io
( 2 for ‑16 ( CPICH Ec/Io < -14
( 3 for ‑20 ( CPICH Ec/Io < -16


	( 3
	-94...-50


When verifying the CPICH Ec/Io intra frequency absolute accuracy requirement only cell 1 in Table 4 shall be present. When verifying the CPICH Ec/Io intra frequency relative accuracy requirement both cell 1 and 2 in Table 4 shall be present.

Table 4: CPICH Ec/Io Intra frequency test parameters
	Parameter
	Unit
	Cell 1
	Cell 2

	UTRA RF Channel number
	
	Channel 1
	Channel 1

	CPICH_Ec/Ior
	dB
	-10
	-10

	PCCPCH_Ec/Ior
	dB
	-12
	-12

	SCH_Ec/Ior
	dB
	-12
	-12

	PICH_Ec/Ior
	dB
	-15
	-15

	DPCH_Ec/Ior
	dB
	-15
	-15

	OCNS
	dB
	-1.11
	-1.11

	Îor/Ioc
	dB
	10.5
	10.5

	Ioc
	dBm/ 3.84 MHz
	Io ‑13.7 dB = Ioc
	Io ‑13.7 dB = Ioc

	Range 1:Io

Range 2: Io
	dBm
	-94…-70

-94…-50
	-94…-70

-94…-50

	Propagation condition
	-
	AWGN


3.2 Absolute accuracy requirement evaluation

3.2.1 Requirement is not self contained without test conditions

Note that the requirement itself without the test conditions is of no use. For example the following 2 scenarios have the same CPICH_Ec/Io, but totally different performance.

· Scenario 1

CPICH_Ec/Ior = -18dB

Îor/Ioc = Inf

· Scenario 2

CPICH_Ec/Ior = 0dB

Îor/Ioc = -18dB

Obviously, in the scenario 1 the CPICH symbols have infinite SNR, as all the other channels are orthogonal (except the SCH), and there is no other noise source. On the other hand in scenario 2, all the energy except the CPICH is not orthogonal to the CPICH and thus the SNR is relatively poor.

It is thus of crucial importance to specify the test conditions for which the requirements apply.

3.2.2  Ioc calculation

For the relative accuracy test, when 2 cells are present.

Îor/Ioc = 10.5 dB=11.22

Ioc/Io= Ioc/( Îor1+ Îor2+Ioc)=1/( Îor1/Ioc+ Îor2/ Îoc+1)=1/23.44=-13.7dB

Which is what is written in Table 4
For the absolute accuracy case, only cell 1 is present. 

Îor/Ioc = 10.5 dB=11.22

Ioc/Io= Ioc/( Îor+Ioc)=1/( Îor/Ioc +1)=1/12.22=-10.87dB

This contradicts what is written in Table 4
3.2.3 CPICH Ec/Io level does not verify the accuracy requirements

CPICH_Ec/Io = CPICH_Ec/( Îor+Ioc)= CPICH_Ec/Îor* Îor /( Îor+Ioc)= CPICH_Ec/Ior* Îor/Ioc /( Îor/Ioc +1)
According to Table 4 this translates into

CPICH_Ec/Io = 0.1 * 11.22 / 12.22 = -10.37 dB

This is way higher than the levels that should be tested, which means that the requirements are actually not tested.

3.2.4 Problem with lower end of Io range

In the UTRA RSSI section, we show that the error in Io evaluation at the lowest input power level might be 1.2 dB for a perfect measurement apparatus, if a receiver with a noise figure of 9 dB is used. 

Is this error taken into account in the requirement, especially for an accuracy of ( 1.5 for ‑14 ( CPICH Ec/Io ?

3.2.5 Suggestion

· Table 4 should be written separately for absolute accuracy and relative accuracy tests.

· Three different test cases should be set to test the three requirements.

Table 5: Suggested CPICH Ec/Io Absolute accuracy Intra frequency test parameters
	Parameter
	Unit
	Cell 1

	UTRA RF Channel number
	
	Channel 1

	CPICH_Ec/Ior
	dB
	-10

	PCCPCH_Ec/Ior
	dB
	-12

	SCH_Ec/Ior
	dB
	-12

	PICH_Ec/Ior
	dB
	-15

	DPCH_Ec/Ior
	dB
	-15

	OCNS
	dB
	-1.11

	CPICH_Ec/Io
	dB
	-14
	-16
	-20

	Range 1:Io

Range 2: Io
	dBm
	-94…-70

-94…-50

	Îor
	dBm/ 3.84 MHz
	Io+ CPICH_Ec/Io- CPICH_Ec/Ior

 (logarithmic form)

	
	
	Io –4 dB
	Io –6 dB
	Io –10 dB

	Ioc
	dBm/ 3.84 MHz
	Io – Îor (linear form) 

	
	
	Io –2.2 dB
	Io –1.25 dB
	Io –0.45 dB

	Îor/Ioc
	dB
	-1.8
	-4.75
	-9.55

	Propagation condition
	-
	AWGN


· Limit the Io range to -87…-50.
3.3 Relative accuracy requirement

The relative accuracy of CPICH Ec/Io is defined as the CPICH Ec/Io measured from one cell compared to the CPICH Ec/Io measured from another cell on the same frequency.
The accuracy requirements in Table 6 are valid under the following conditions:

· 
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Table 6: CPICH_Ec/Io Intra frequency relative accuracy

	Parameter
	Unit
	Accuracy [dB]
	Conditions

	
	
	Normal condition
	Extreme condition
	Io [dBm]

	CPICH_Ec/Io
	dB
	( 1.5 for ‑14 ( CPICH Ec/Io
( 2 for ‑16 ( CPICH Ec/Io < -14
( 3 for ‑20 ( CPICH Ec/Io < -16
	( 3
	-94...-50


3.4 Relative accuracy requirement evaluation

3.4.1 CPICH Ec/Io level does not verify the accuracy requirements

CPICH_Ec/Io = CPICH_Ec/( Îor1+ Îor2+Ioc)= CPICH_Ec/Îor1* Îor1 /( Îor1+ Îor2+Ioc)= CPICH_Ec/Ior1* Îor1/Ioc /(1+ Îor1/Ioc+ Îor2/Ioc)
According to Table 4 this translates into

CPICH_Ec/Io = 0.1 * 11.22 / 23.44 = -13.2 dB

This is higher than the levels that should be tested, which means that the requirements are actually not tested.

3.4.2 Suggestion

· Table 4 should be written separately for absolute accuracy and relative accuracy tests.

· Three different test cases should be set to test the three requirements.

Table 7: Suggested CPICH Ec/Io relative accuracy Intra frequency test parameters
	Parameter
	Unit
	Cell 1
	Cell 2

	UTRA RF Channel number
	
	Channel 1
	Channel 1

	CPICH_Ec/Ior
	dB
	-10
	-10

	PCCPCH_Ec/Ior
	dB
	-12
	-12

	SCH_Ec/Ior
	dB
	-12
	-12

	PICH_Ec/Ior
	dB
	-15
	-15

	DPCH_Ec/Ior
	dB
	-15
	-15

	OCNS
	dB
	-1.11
	-1.11

	CPICH_Ec/Io
	dB
	-14
	-16
	-20

	Range 1:Io

Range 2: Io
	dBm
	-94…-70

-94…-50

	Îor
	dBm/ 3.84 MHz
	Io+ CPICH_Ec/Io- CPICH_Ec/Ior

 (logarithmic form)

	
	
	Io –4 dB
	Io –6 dB
	Io –10 dB

	Ioc
	dBm/ 3.84 MHz
	Io –2x Îor (linear form) 

	
	
	Io –6.9 dB
	Io –3 dB
	Io –0.97 dB

	Îor/Ioc
	dB
	2.9
	-3
	-9.03

	Propagation condition
	-
	AWGN


4 CPICH Ec/Io Inter frequency measurement accuracy 

Section 9.1.2.1 in TS 25.133 specifies this requirement.

Section A.9.1.2.1 in TS 25.133 specifies the test conditions.

4.1 Absolute accuracy requirement

The accuracy requirements in Table 8 are valid under the following conditions:
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Table 8: CPICH_Ec/Io Inter frequency absolute accuracy

	Parameter
	Unit
	Accuracy [dB]
	Conditions

	
	
	Normal condition
	Extreme condition
	Io [dBm]

	CPICH_Ec/Io
	DB
	( 1.5 for ‑14 ( CPICH Ec/Io
( 2 for ‑16 ( CPICH Ec/Io < -14
( 3 for ‑20 ( CPICH Ec/Io < -16
	( 3
	-94...-50


When verifying the CPICH Ec/Io inter frequency relative accuracy requirement both cell 1 and 2 in Table 9 shall be present.

Table 9: CPICH Ec/Io Inter frequency tests parameters
	Parameter
	Unit
	Cell 1
	Cell 2

	UTRA RF Channel number
	
	Channel 1
	Channel 2

	CPICH_Ec/Ior
	dB
	-10
	-10

	PCCPCH_Ec/Ior
	dB
	-12
	-12

	SCH_Ec/Ior
	dB
	-12
	-12

	PICH_Ec/Ior
	dB
	-15
	-15

	DPCH_Ec/Ior
	dB
	-15
	-15

	OCNS
	dB
	-1.11
	-1.11

	Îor/Ioc
	dB
	10.1
	10.1

	Ioc
	dBm/ 3.84 MHz
	Io ‑10.6 dB = Ioc
	Io ‑10.6 dB = Ioc

	Range 1:Io

Range 2: Io
	dBm
	-94…-70

-94…-50 
	-94…-70

-94…-50

	Propagation condition
	-
	AWGN


4.2 Absolute accuracy requirement evaluation

4.2.1 CPICH Ec/Io level does not verify the accuracy requirements

CPICH_Ec/Io = CPICH_Ec/( Îor+Ioc)= CPICH_Ec/Îor* Îor /( Îor+Ioc)= CPICH_Ec/Ior* Îor/Ioc /( Îor/Ioc +1)
According to Table 4 this translates into

CPICH_Ec/Io = 0.1 * 10.23 / 11.23 = -10.4 dB

This is way higher than the levels that should be tested, which means that the requirements are actually not tested.

4.2.2 Problem with lower end of Io range

In UTRA RSSI section, we show that the error in Io evaluation at the lowest input power level might be 1.2 dB for a perfect measurement apparatus, if a receiver with a noise figure of 9 dB is used. 

Is this error taken into account in the requirement, especially for an accuracy of ( 1.5 for ‑14 ( CPICH Ec/Io ?

4.2.3 Suggestion

· Three different test cases should be set to test the three requirements.

Table 10: Suggested CPICH Ec/Io Inter frequency test parameters
	Parameter
	Unit
	Cell 1
	Cell 2

	UTRA RF Channel number
	
	Channel 1
	Channel 2

	CPICH_Ec/Ior
	dB
	-10
	-10

	PCCPCH_Ec/Ior
	dB
	-12
	-12

	SCH_Ec/Ior
	dB
	-12
	-12

	PICH_Ec/Ior
	dB
	-15
	-15

	DPCH_Ec/Ior
	dB
	-15
	-15

	OCNS
	dB
	-1.11
	-1.11

	CPICH_Ec/Io
	dB
	-14
	-16
	-20

	Range 1:Io

Range 2: Io
	dBm
	-94…-70

-94…-50

	Îor
	dBm/ 3.84 MHz
	Io+ CPICH_Ec/Io- CPICH_Ec/Ior

 (logarithmic form)

	
	
	Io –4 dB
	Io –6 dB
	Io –10 dB

	Ioc
	dBm/ 3.84 MHz
	Io – Îor (linear form) 

	
	
	Io –2.2 dB
	Io –1.25 dB
	Io –0.45 dB

	Îor/Ioc
	dB
	-1.8
	-4.75
	-9.55

	Propagation condition
	-
	AWGN


· Limit the Io range to -87…-50.

4.3 Relative accuracy requirement

The relative accuracy of CPICH Ec/Io in the inter frequency case is defined as the CPICH Ec/Io measured from one cell compared to the CPICH Ec/Io measured from another cell on a different frequency
The accuracy requirements in Table 11 are valid under the following conditions:

· 
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· | Channel 1_Io ‑Channel 2_Io| ( 20 dB.

Table 11: CPICH_Ec/Io Inter frequency relative accuracy

	Parameter
	Unit
	Accuracy [dB]
	Conditions

	
	
	Normal condition
	Extreme condition
	Io [dBm]

	CPICH_Ec/Io
	DB
	( 1.5 for ‑14 ( CPICH Ec/Io
( 2 for ‑16 ( CPICH Ec/Io < -14
( 3 for ‑20 ( CPICH Ec/Io < -16
	( 3
	-94...-50


In this case both cells are in different frequency and compressed mode is applied. The gap length is 7, detailed definition is in TS 25.101 annex A.5 [14 slots is FFS]. 

4.4 Relative accuracy requirement evaluation

4.4.1 CPICH Ec/Io level does not verify the accuracy requirements

CPICH_Ec/Io = CPICH_Ec/( Îor+Ioc)= CPICH_Ec/Îor* Îor /( Îor+Ioc)= CPICH_Ec/Ior* Îor/Ioc /( Îor/Ioc +1)
According to Table 4 this translates into

CPICH_Ec/Io = 0.1 * 10.23 / 11.23 = -10.4 dB

This is way higher than the levels that should be tested, which means that the requirements are actually not tested.

4.4.2 Problem with lower end of Io range

In the UTRA RSSI section, we show that the error in Io evaluation at the lowest input power level might be 1.2 dB for a perfect measurement apparatus, if a receiver with a noise figure of 9 dB is used. 

Since in a relative measurement, the first channel can be at –94 dBm while the second channel can be at –74 dBm, there can be a difference in the Io measurement error of the channels of 1.2 dB. This error source does not exist in Intra frequency relative accuracy measurement, since both cells are on the same frequency.

Is this error taken into account in the requirement, especially for an accuracy of ( 1.5 for ‑14 ( CPICH Ec/Io ?

4.4.3 Suggestion

· Three different test cases should be set to test the three requirements, as suggested in Table 11 above.

5 Proposal

It is proposed that the CR to TS 25.133-360 given in Tdoc R4-011087 and R4-011088 are adopted and incorporated into Release 99 of TS 25.133
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