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1. Introduction
For EUTRA UE, both relative ACS (Adjacent Channel Selectivity) and test conditions are defined in TS36.101, the ACS test conditions are defined with the wanted signal and interfering signal above reference sensitivity. The reference sensitivity levels include the 2 ports RX-diversity gain.
When applying the conversion formula between the ACS test levels and the specified relative ACS for UE, we found some inconsistency between the calculated ACS and specified ACS as in TS36.101. The intention of our contribution is to analyse the difference between the specified ACS and the ACS test condition.  A proposal for clarification is made for RAN-4 consideration. 
2. Relation between specified ACS and test conditions
The relative ACS in dB is specified in the table 7.5.1.1 of the TS36.101. Two test cases for ACS are defined in table 7.5.1.2 and 7.5.1.3, for the test case1, both wanted signal and interfering signal are defined as relative to the reference sensitivity. For the test case 2, useful signal is above the reference sensitivity and the interfering signal level is defined as -25 dBm.
Table 7.5.1-1: Adjacent channel selectivity
	
	
	Channel bandwidth

	Rx Parameter
	Units
	1.4 MHz 
	3  MHz
	5  MHz
	10 MHz
	15 MHz
	20 MHz

	ACS
	dB
	33.0
	33.0
	33.0
	33.0
	30
	27


Table 7.5.1-2: Test parameters for Adjacent channel selectivity, Case 1

	Rx Parameter
	Units 
	Channel bandwidth

	
	
	1.4 MHz 
	3  MHz
	5  MHz
	10 MHz
	15 MHz
	20 MHz

	Wanted signal  mean power
	dBm
	REFSENS + 14 dB

	PInterferer
	dBm
	REFSENS +45.5dB
	REFSENS +45.5dB
	REFSENS +45.5dB*
	REFSENS +45.5dB
	REFSENS +42.5dB
	REFSENS +39.5dB

	BWInterferer  
	MHz
	1.4
	3
	5
	5
	5
	5

	FInterferer (offset)
	MHz
	1.4[+0.0025]
	3[+0.0075]
	5[+0.0025]
	7.5[+0.0075]
	10[+0.0125]
	12.5[+0.0025]

	Note:
1. The transmitter shall be set to 4dB below the supported maximum output power.

2. The interferer consists of the Reference measurement channel specified in Annex A.3.2 with set-up according to Annex C.3.1 



Table 7.5.1-3: Test parameters for Adjacent channel selectivity, Case 2
	Rx Parameter
	Units 
	Channel bandwidth

	
	
	1.4 MHz 
	3 MHz
	5  MHz
	10 MHz
	15 MHz
	20 MHz

	Wanted signal  mean power
	dBm
	-56.5
	-56.5
	-56.5
	-56.5
	-53.5
	-50.5

	PInterferer
	dBm
	-25

	BWInterferer  
	MHz
	1.4
	3
	5
	5
	5
	5

	FInterferer (offset)
	MHz
	1.4[+0.0025]
	 3[+0.0075]
	5[+0.0025]
	7.5[+0.0075]
	10[+0.0125]
	12.5[+0.0025]

	Note:

1. The transmitter shall be set to 24dB below the supported maximum output power.

2. The interferer consists of the Reference measurement channel specified in Annex 3.2 with set-up according to Annex C.3.1



Reference sensitivity levels for different bands are specified in the section 7.3 (table 7.3.1-1) of TS36.101. It is stated in section 7.2 that all receiver performance requirements are specified with two Rx ports Diversity as baseline.  
Table 7.3.1-1: Reference sensitivity QPSK PREFSENS 

	Channel bandwidth

	E-UTRA Band
	1.4 MHz
(dBm)
	3 MHz
(dBm)
	5 MHz
(dBm)
	10 MHz
(dBm)
	15 MHz
(dBm)
	20 MHz
(dBm)
	Duplex Mode

	1
	-
	-
	-100
	 -97
	-95.2 
	-94 
	FDD

	2
	-104.2
	-100.2
	-98 
	-95
	-93.2
	-92
	FDD

	3
	-103.2
	-99.2
	-97 
	-94
	-92.2
	-91
	FDD

	4
	-106.2
	-102.2
	-100
	-97
	-95.2
	-94
	FDD

	5
	-104.2
	-100.2
	-98
	-95
	
	
	FDD

	6
	-
	-
	-100
	-97
	
	
	FDD

	7
	-
	-
	-98
	-95
	-93.2
	-92
	FDD

	8
	-103.2
	-99.2
	-97
	-94
	
	
	FDD

	9
	-
	-
	-99
	-96
	-94
	-93
	FDD

	10
	-
	-
	-100
	-97
	-95.2
	-94
	FDD

	11
	-
	-
	-98
	-95
	-93.2
	-92
	FDD

	12
	-103.2
	-99.2
	-97
	-94
	
	
	FDD

	13
	-103.2
	-99.2
	-97
	-94
	
	
	FDD

	14
	
	
	
	
	
	
	FDD

	…
	
	
	
	
	
	
	

	17
	[-104.2]
	-[100.2]
	[-98]
	[-95]
	
	
	FDD

	…
	
	
	
	
	
	
	

	33
	-
	-
	-100
	-97
	-95.2
	-94
	TDD

	34
	-
	-
	-100
	-97
	-95.2
	-94
	TDD

	35
	-106.2
	-102.2
	-100
	-97
	-95.2
	-94
	TDD

	36
	-106.2
	-102.2
	-100
	-97
	-95.2
	-94
	TDD

	37
	-
	-
	-100
	-97
	-95.2
	-94
	TDD

	38
	-
	-
	-100
	-97
	
	
	TDD

	39
	-
	-
	-100
	-97
	-95.2
	-94
	TDD

	40
	-
	-
	-100
	-97
	-95.2
	-94
	TDD

	Note 1:
The transmitter shall be set to maximum output power level (Table 7.3.1-2)
Note 2:
Reference measurement channel is A.3.2
Note 3:
The signal power is specified per port

Note 4:
For the UE which supports both Band 3 and Band 9 the reference sensitivity level of Band 3 + 0.5 dB is applicable for band 9



In ITU-R sharing study group, the following formula was proposed for converting the absolute ACS values (PInterferer) to the relative ACS (ACS in dB) for UTRA [4]:

ACS_relative = ACS_test – Noise_floor – 10*log10(10M/10–1)



(1)
where M is the margin (dB) used in the ACS test, which is the difference between the Wanted signal mean power and the reference sensitivity level. 
Equation (1) was developed based on the same principal as the 3GPP discussion paper R4-030209 [3], and gives the same result. It has been used for deriving the UTRA BS and UE (relative) ACS. We believe it is still valid for deriving the LTE BS and UE (relative) ACS. Formula (1) can be translated into Formula (2) using parameters' names from TS 36.101:
ACS-calculated = PInterferer – Noise_floor – 10*log10(10(Wanted signal  mean power – REFSENS) /10–1)
(2)


When apply the equation (2) to EUTRA UE ACS test conditions on 5 MHz and 10 MHz channels, there is 3dB difference between the calculated ACS and specified ACS for both test cases, as shown in Table 1.

Table 1: Comparison between calculated ACS and specified ACS for 5 MHz and 10 MHz channels
[image: image1.emf]5 MHz Channel ACS Test Case 1

Band Noise Figure Noisefloor (dBm) RefSens Calculated ACS (dB) Specified ACS (dB) Difference

I 9 -98,4 -100 30 33 -3

III 12 -95,4 -97 30 33 -3

VII 11 -96,4 -98 30 33 -3

VIII 12 -95,4 -97 30 33 -3

5 MHz Channel ACS Test Case 2

Band Noise Figure Noisefloor (dBm) RefSens Calculated ACS (dB) Specified ACS (dB) Difference

I 9 -98,4 -100 30 33 -3

III 12 -95,4 -97 30 33 -3

VII 11 -96,4 -98 30 33 -3

VIII 12 -95,4 -97 30 33 -3


[image: image2.emf]10 MHz Channel ACS Test Case 1

Band Noise Figure Noisefloor (dBm) RefSens Calculated ACS (dB) Specified ACS (dB) Difference

I 9 -95,4 -97 30 33 -3

III 12 -92,4 -94 30 33 -3

VII 11 -93,4 -95 30 33 -3

VIII 12 -92,4 -94 30 33 -3

10 MHz Channel ACS Test Case 2

Band Noise Figure Noisefloor (dBm) RefSens Calculated ACS (dB) Specified ACS (dB) Difference

I 9 -95,4 -97 30 33 -3

III 12 -92,4 -94 30 33 -3

VII 11 -93,4 -95 30 33 -3

VIII 12 -92,4 -94 30 33 -3


For 15 MHz channel, since the specified ACS is 30 dB, there is no difference between the calculated ACS and the specified ACS, as given in Table 2.
Table 2: Comparison between calculated ACS and specified ACS for the 15 MHz channel
[image: image3.emf]15 MHz Channel ACS Test Case 1

Band Noise Figure Noisefloor (dBm) RefSens Calculated ACS (dB) Specified ACS (dB) Difference

I 9 -93,7 -95,2 30 30 0

III 12 -90,7 -92,2 30 30 0

VII 11 -91,7 -93,2 30 30 0

15 MHz Channel ACS Test Case 2

Band Noise Figure Noisefloor (dBm) RefSens Calculated ACS (dB) Specified ACS (dB) Difference

I 9 -93,7 -95,2 30 30 0

III 12 -90,7 -92,2 30 30 0

VII 11 -91,7 -93,2 30 30 0


The calculated ACS for the 20 MHz channel is given in Table 3. It can be seen that the calculated ACS is 3 dB bigger than the specified ACS of 27 dBm.

Table 3: Comparison between calculated ACS and specified ACS for the 20 MHz channel
[image: image4.emf]20 MHz Channel ACS Test Case 1

Band Noise Figure Noisefloor (dBm) RefSens Calculated ACS (dB) Specified ACS (dB) Difference

I 9 -92,4 -94 30 27 3

III 12 -89,4 -91 30 27 3

VII 11 -90,4 -92 30 27 3

20 MHz Channel ACS Test Case 2

Band Noise Figure Noisefloor (dBm) RefSens Calculated ACS (dB) Specified ACS (dB) Difference

I 9 -92,4 -94 30 27 3

III 12 -89,4 -91 30 27 3

VII 11 -90,4 -92 30 27 3


3. Analysis

One assumption that could explain the difference of 3dB between calculated and specified ACS for 5MHz and 10MHz bandwidths might be that no gain from RX diversity is considered for ACS test. Nevertheless, this is not obviously understood from the current state of the specification. Moreover this doesn't explain the delta between calculated and specified ACS for larger bandwidth of 15 and 20MHz.

If no gain from RX diversity is considered for ACS test we propose the following changes to section 7.5.1 in TS36.101:
Table 7.5.1-1: Adjacent channel selectivity
	
	
	Channel bandwidth

	Rx Parameter
	Units
	1.4 MHz 
	3  MHz
	5  MHz
	10 MHz
	15 MHz
	20 MHz

	ACS
	dB
	33.0
	33.0
	33.0
	33.0
	33
	33


Table 7.5.1-2: Test parameters for Adjacent channel selectivity, Case 1

	Rx Parameter
	Units 
	Channel bandwidth

	
	
	1.4 MHz 
	3  MHz
	5  MHz
	10 MHz
	15 MHz
	20 MHz

	Wanted signal  mean power
	dBm
	(REFSENS+3) + 11 dB

	PInterferer
	dBm
	REFSENS +45.5dB
	REFSENS +45.5dB
	REFSENS +45.5dB*
	REFSENS +45.5dB
	REFSENS +42.5dB
	REFSENS +39.5dB

	BWInterferer  
	MHz
	1.4
	3
	5
	5
	5
	5

	FInterferer (offset)
	MHz
	1.4[+0.0025]
	3[+0.0075]
	5[+0.0025]
	7.5[+0.0075]
	10[+0.0125]
	12.5[+0.0025]

	Note:
1. The transmitter shall be set to 4dB below the supported maximum output power.

2. The interferer consists of the Reference measurement channel specified in Annex A.3.2 with set-up according to Annex C.3.1 

3. No  Rx-diversity gain is considered for ACS testing


Table 7.5.1-3: Test parameters for Adjacent channel selectivity, Case 2
	Rx Parameter
	Units 
	Channel bandwidth

	
	
	1.4 MHz 
	3 MHz
	5  MHz
	10 MHz
	15 MHz
	20 MHz

	Wanted signal  mean power
	dBm
	-56.5
	-56.5
	-56.5
	-56.5
	-53.5
	-50.5

	PInterferer
	dBm
	-25

	BWInterferer  
	MHz
	1.4
	3
	5
	5
	5
	5

	FInterferer (offset)
	MHz
	1.4[+0.0025]
	 3[+0.0075]
	5[+0.0025]
	7.5[+0.0075]
	10[+0.0125]
	12.5[+0.0025]

	Note:

1. The transmitter shall be set to 24dB below the supported maximum output power.

2. The interferer consists of the Reference measurement channel specified in Annex 3.2 with set-up according to Annex C.3.1

3. No Rx-diversity gain is considered for ACS testing



If the Rx div gain is to be considered for ACS test, then the ACS text conditions should be revised accordingly.

4. Conclusion and proposal
In this contribution, the relative ACS values are calculated with a conversion formula from ITU-R report M.2039 for different channel bandwidths of EUTRA UE, it was found that some inconsistency exists between the calculated ACS and the specified ACS, RAN-4 is asked to clarify the situation, and if needed, to correct the test conditions for EUTRA UE.  
If proposal in section 3 is agreed, a CR can be produced to introduce relevant clarification notes and/or correction to section 7.5.1 in TS36.101.
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