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1 Introduction

For LAA, it is proposed to introduce average RSSI and channel occupancy RRM tests. Since RSSI is a new measurement, some discussion is needed on the suitable test procedure. In this document we discuss the RAN1 and RAN2 core specifications for average RSSI and channel occupancy, and propose test case configurations and draft test cases.
2 Discussion
Overview of RSSI measurement
The general principle of RSSI measurement was described by RAN1 in [1]. RSSI is defined in 36.214 (v13.0.0)
	Definition
	E-UTRA Received Signal Strength Indicator (RSSI), comprises the linear average of the total received power (in [W]) observed only in the configured OFDM symbols and in the measurement bandwidth over N number of resource blocks, by the UE from all sources, including co-channel serving and non-serving cells, adjacent channel interference, thermal noise etc. 

Higher layers indicate the measurement duration and which OFDM symbol(s) should be measured by the UE.

The reference point for the RSSI shall be the antenna connector of the UE. 

If receiver diversity is in use by the UE, the reported value shall not be lower  than the corresponding RSSI of any of the individual diversity branches

	Applicable for
	RRC_CONNECTED intra-frequency,

RRC_CONNECTED inter-frequency


The basic measurement is performed on configured OFDM symbol periods. RSSI is measured periodically for a duration of either 1,14,28,42 or 70 OFDM symbols (measDuration-r13). Periodicity and offset parameters (rmtc-Period-r13 and rmtc-SubframeOffset-r13) define the start time of the measurement, and an additional parameter ReportInterval specifies further averaging which may be configured in L3. Average RSSI or channel occupancy is reported every ReportInterval. The averaging is illustrated in figure 1 (from [1]) with an L1 measurement duration of 70 symbols, and a ReportInterval of 3 period L1 measurement periods.
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Figure 1 : RSSI measurement
	MeasRSSI-Config-r13 ::=
CHOICE {


release







NULL,


setup







SEQUENCE {



rmtc-Period-r13




ENUMERATED {ms40, ms80, ms160, ms320, ms640},



rmtc-SubframeOffset-r13


INTEGER(0..639)




OPTIONAL, 

-- Need ON



measDuration-r13



ENUMERATED {sym1, sym14, sym28, sym42, sym70}


}

}


	ReportInterval ::=




ENUMERATED {











ms120, ms240, ms480, ms640, ms1024, ms2048, ms5120, ms10240,











min1, min6, min12, min30, min60, spare3, spare2, spare1}




Parameters for testing RSSI measurement

It is expected that RAN4 will define accuracy requirements for average RSSI. We propose the following DMTC and RMTC parameters for testing. Reasons for the choices are given in the table.
Proposal 1 : The following main parameters are used in the average RSSI test

	measDuration-r13
	sym14
	Assume that test equipment provides signal which has no RSSI variation over one subframe, so set measurement duration to one subframe. 

	rmtc-Period-r13
	ms40
	 Shortest period to minimize test time

	rmtc-SubframeOffset-r13
	20
	Chosen to test RSSI measurement when DMTC is not present

	ReportInterval
	ms120
	Chosen to be 3* rmtc-Period-r13, so that there are an integer number of rmtc-Period. This is the smallest possible value to minimise test time

	dmtc-PeriodOffset-r12

	ms40-r12 value 0
	Offset of zero used


RSSI profile for average RSSI testing

For the RSSI averaging test, it is important to verify that the UE measures RSSI using the configured RMTC, and does not measure RSSI at other times. To do this, we propose to introduce additional interference (higher Noc) around the time when the UE is expected to perform RSSI measurement, which in the above configuration is at a 20 subframe offset from the start of the DMTC window. We also propose that the serving cell always avoids transmission during this subframe to ensure that there is no ambiguity caused by serving cell LBT on the RSSI measured. The Noc profile is illustrated in figure 2:
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Figure 2 : Noc profile
Channel occupancy is a similar measurement, and is measured following the same concept of RMTC configuration. The difference is that the UE reports the percentage of samples where RSSI is above the configured threshold in the reporting interval.
	channelOccupancy

Indicates the percentage of samples when the RSSI was above the configured channelOccupancyThreshold for the associated reportConfig.


In the configuration proposed, there are 3 samples in each reporting interval. Hence, channel occupancy can only be 0%, 33.33%, 66,67% or 100%. Since reporting granularity is 1%, the UE could report 0%, 33%, 67% or 100%. By setting the Noc level in an RMTC occasion to be above the threshold (+margin for RSSI accuracy), the UE will determine that the channel is occupied at that time, and by setting the Noc level in an RMTC occasion to be below the threshold (+margin for RSSI accuracy) the UE will determine the channel to be unoccupied at that time.

An example RSSI profile for channel occupancy is shown in figure 3 for one measurement interval and could be periodically repeated every measurement interval.
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Figure 3 : Channel occupancy example profile.

In this example, the Scell transmits at -80dBm/15Khz in all subframes except subframes 20,60,100 which are the subframes where the UE has been configured to measure RSSI using the RMTC indicated above. In practice, some of these transmissions may be missing due to LBT, this is not shown in figure 3. Noc is also -80dBm/15kHz, giving Es/Iot=0dB, except in subframes 20,60, 100 when the serving cell stops transmission, and the interference level is increased to either -60.5dBm (subframe 20) or -65.5dBm (subframe 60,100). If the channel occupancy threshold is -63dBm, and RSSI accuracy is ±2.5dBm, the channel occupancy measured by the UE should be 33.33%. 
Since the accuracy of the RSSI measurement is already reflected in the Noc setting, a good UE should measure a channel occupancy of exactly 1/3 with this test signal. Since the requirement for measurement accuracy is based on 90th percentile, it is possible (with 10% probability) that the UE will make erroneous detection of the channel occupied/not occupied in practice. Hence an additional margin is needed in the reported channel occupancy. Assuming RSSI errors to be statistically independent and symmetrical, in a given reporting interval channel occupancy reported could be 0% (with probability of occurrence 0.05), 66.67% (with probability of occurrence 0.05) or 100% (with probability of occurrence 0.05*0.05). Hence we can say that the probability of getting a report of 33% should also be approximately 0.9 or better (theoretically it is 1.0-0.05-0.05-(0.05*0.05)=89.75%with the given assumptions).
Draft test cases

A.9.x.1
FS3 average RSSI accuracy case (PCell using FDD)
A.9.x.1.1
Test Purpose and Environment

The purpose of this test is to verify that the average RSSI measurement accuracy is within the specified limits. This test will partially verify the requirements in Section 9.1.18.5.2.
A.9.x.1.2
Test parameters

In all test cases, Cell 1 is the PCell and Cell 2 the Scell. RSSI is measured on channel number 2.
Table A.9.x.1.2-1: Average RSSI test parameters
	Parameter
	Unit
	Test 1

	
	
	Cell 1
	Cell 2

	E-UTRA RF Channel Number
	
	1
	2

	BWchannel
	MHz
	5

10

20
	20

	Measurement bandwidth
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	PDSCH Reference measurement channel defined in A.3.1.1.1
	
	5MHz: R.5 FDD 

10MHz: R.0 FDD

20MHz: R.4 FDD
	TBD

	PDCCH/PCFICH/PHICH Reference measurement channel defined in A.3.1.2.1
	
	5MHz: R.11 FDD 

10MHz: R.6 FDD

20MHz: R.10 FDD
	TBD

	OCNG Patterns defined in A.3.2.1.1 (OP.1 FDD) and A.3.2.1.2 (OP.2 FDD)
	
	5MHz: OP.15 FDD 

10MHz: OP.1 FDD

20MHz: OP.11 FDD
	TBD

	PBCH_RA
	dB
	0
	0

	PBCH_RB
	
	
	

	PSS_RA
	
	
	

	SSS_RA
	
	
	

	PCFICH_RB
	
	
	

	PHICH_RA
	
	
	

	PHICH_RB
	
	
	

	PDCCH_RA
	
	
	

	PDCCH_RB
	
	
	

	PDSCH_RA
	
	
	

	PDSCH_RB
	
	
	

	OCNG_RANote1
	
	
	

	OCNG_RBNote1 
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in subframes not corresponding to RSSI measurement time configuration (RMTC)

	dBm/15 kHz
	-106
	-106
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in subframes corresponding to RSSI measurement time configuration (RMTC)

	dBm/15 kHz
	-106
	-80

	
[image: image7.wmf]ot

s

I

Ê

 in subframes not corresponding to RSSI measurement time configuration (RMTC)
	dB
	2.5
	2.5
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 in subframes corresponding to RSSI measurement time configuration (RMTC)
	dB
	2.5
	-Infinity

	RSRP in subframes corresponding to RSSI measurement time configuration (RMTC)

	dBm/15 kHz
	-103.5
	-103.5

	RSRP in subframes not corresponding to RSSI measurement time configuration (RMTC)

	
	-103.5
	-Infinity

	Io in subframes corresponding to RSSI measurement time configuration (RMTC)

	dBm/4.5 MHz

dBm/9 MHz

dBm/18 MHz
	76.79

-73.78

-70.77
	-52.21

	Io in subframes not corresponding to RSSI measurement time configuration (RMTC)

	dBm/4.5 MHz

dBm/9 MHz

dBm/18 MHz
	-76.79

-73.78

-70.77
	-73.78


	Propagation condition
	-
	AWGN


Table A.9.x.1.2-2: Average RSSI RMTC and DMTC parameters

	measDuration-r13
	sym14

	rmtc-Period-r13
	ms40

	rmtc-SubframeOffset-r13
	20

	ReportInterval
	ms120

	dmtc-PeriodOffset-r12

	ms40-r12 value 0


A.9.x.1.3
Test Requirements

The average RSSI measurement accuracy shall fulfil the requirements in sections 9.1.18.5.2. The nominal RSSI used to evaluate the requirement shall be based on Io in subframes corresponding to RSSI measurement time configuration (RMTC).
A.9.x.1
FS3 average RSSI accuracy case (PCell using TDD)

A.9.x.1.1
Test Purpose and Environment

The purpose of this test is to verify that the average RSSI measurement accuracy is within the specified limits. This test will partially verify the requirements in Section 9.1.18.5.2.

A.9.x.1.2
Test parameters

In all test cases, Cell 1 is the PCell and Cell 2 the Scell. RSSI is measured on channel number 2.

Table A.9.x.1.2-1: Average RSSI test parameters

	Parameter
	Unit
	Test 1

	
	
	Cell 1
	Cell 2

	E-UTRA RF Channel Number
	
	1
	2

	BWchannel
	MHz
	5

10

20
	20

	Measurement bandwidth
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	PDSCH Reference measurement channel defined in A.3.1.1.1
	
	5MHz: R.4 TDD 

10MHz: R.0 TDD

20MHz: R.3 TDD
	TBD

	PDCCH/PCFICH/PHICH Reference measurement channel defined in A.3.1.2.1
	
	5MHz: R.11 TDD 

10MHz: R.6 TDD

20MHz: R.10 TDD
	TBD

	OCNG Patterns defined in A.3.2.1.1 (OP.1 FDD) and A.3.2.1.2 (OP.2 FDD)
	
	5MHz: OP.9 TDD 

10MHz: OP.1 TDD

20MHz: OP.7 TDD
	TBD

	PBCH_RA
	dB
	0
	0

	PBCH_RB
	
	
	

	PSS_RA
	
	
	

	SSS_RA
	
	
	

	PCFICH_RB
	
	
	

	PHICH_RA
	
	
	

	PHICH_RB
	
	
	

	PDCCH_RA
	
	
	

	PDCCH_RB
	
	
	

	PDSCH_RA
	
	
	

	PDSCH_RB
	
	
	

	OCNG_RANote1
	
	
	

	OCNG_RBNote1 
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in subframes not corresponding to RSSI measurement time configuration (RMTC)

	dBm/15 kHz
	-106
	-106

	
[image: image11.wmf]oc

N

in subframes corresponding to RSSI measurement time configuration (RMTC)

	dBm/15 kHz
	-106
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 in subframes not corresponding to RSSI measurement time configuration (RMTC)
	dB
	2.5
	2.5
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 in subframes corresponding to RSSI measurement time configuration (RMTC)
	dB
	2.5
	-Infinity

	RSRP in subframes corresponding to RSSI measurement time configuration (RMTC)

	dBm/15 kHz
	-103.5
	-103.5

	RSRP in subframes not corresponding to RSSI measurement time configuration (RMTC)

	
	-103.5
	-Infinity

	Io in subframes corresponding to RSSI measurement time configuration (RMTC)

	dBm/4.5 MHz

dBm/9 MHz

dBm/18 MHz
	76.79

-73.78

-70.77
	-52.21

	Io in subframes not corresponding to RSSI measurement time configuration (RMTC)

	dBm/4.5 MHz

dBm/9 MHz

dBm/18 MHz
	-76.79

-73.78

-70.77
	-73.78



	Propagation condition
	-
	AWGN


Table A.9.x.1.2-2: Average RSSI RMTC and DMTC parameters

	measDuration-r13
	sym14

	rmtc-Period-r13
	ms40

	rmtc-SubframeOffset-r13
	20

	ReportInterval
	ms120

	dmtc-PeriodOffset-r12

	ms40-r12 value 0


A.9.x.1.3
Test Requirements

The average RSSI measurement accuracy shall fulfil the requirements in sections 9.1.18.5.2. The nominal RSSI used to evaluate the requirement shall be based on Io in subframes corresponding to RSSI measurement time configuration (RMTC).
A.9.x.1
FS3 average RSSI channel occupancy test (PCell using FDD)

A.9.x.1.1
Test Purpose and Environment

The purpose of this test is to verify that the channel occupancy is within the specified limits. This test will partially verify the requirements in Section 9.1.x.x.x

A.9.x.1.2
Test parameters

In all test cases, Cell 1 is the PCell and Cell 2 the Scell. RSSI is measured on channel number 2.

Table A.9.x.1.2-1: Channel occupancy test parameters

	Parameter
	Unit
	Test 1

	
	
	Cell 1
	Cell 2

	E-UTRA RF Channel Number
	
	1
	2

	BWchannel
	MHz
	5

10

20
	20

	Measurement bandwidth
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	PDSCH Reference measurement channel defined in A.3.1.1.1
	
	5MHz: R.5 FDD 

10MHz: R.0 FDD

20MHz: R.4 FDD
	TBD

	PDCCH/PCFICH/PHICH Reference measurement channel defined in A.3.1.2.1
	
	5MHz: R.11 FDD 

10MHz: R.6 FDD

20MHz: R.10 FDD
	TBD

	OCNG Patterns defined in A.3.2.1.1 (OP.1 FDD) and A.3.2.1.2 (OP.2 FDD)
	
	5MHz: OP.15 FDD 

10MHz: OP.1 FDD

20MHz: OP.11 FDD
	TBD

	PBCH_RA
	dB
	0
	0

	PBCH_RB
	
	
	

	PSS_RA
	
	
	

	SSS_RA
	
	
	

	PCFICH_RB
	
	
	

	PHICH_RA
	
	
	

	PHICH_RB
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	OCNG_RANote1
	
	
	

	OCNG_RBNote1 
	
	
	

	
[image: image15.wmf]oc

N

in subframes not corresponding to RSSI measurement time configuration (RMTC)

	dBm/15 kHz
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in subframes corresponding to RSSI measurement time configuration (RMTC) where system frame number mod 120 = 20

	dBm/15 kHz
	-106
	--88.28
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in subframes corresponding to RSSI measurement time configuration (RMTC) where system frame number mod 120 is not equal to 20

	dBm/15 kHz
	-106
	-93.28
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 in subframes not corresponding to RSSI measurement time configuration (RMTC)
	dB
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	2.5
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 in subframes corresponding to RSSI measurement time configuration (RMTC)
	dB
	2.5
	-Infinity

	RSRP in subframes corresponding to RSSI measurement time configuration (RMTC)

	dBm/15 kHz
	-103.5
	-103.5

	RSRP in subframes not corresponding to RSSI measurement time configuration (RMTC)

	
	-103.5
	-Infinity

	Io in subframes corresponding to RSSI measurement time configuration (RMTC) where system frame number mod 120 = 20

	dBm/4.5 MHz

dBm/9 MHz

dBm/18 MHz
	76.79

-73.78

-70.77
	-60.5

	Io in subframes corresponding to RSSI measurement time configuration (RMTC) where system frame number mod 120 is not equal to  20

	dBm/4.5 MHz

dBm/9 MHz

dBm/18 MHz
	76.79

-73.78

-70.77
	-65.5

	Io in subframes not corresponding to RSSI measurement time configuration (RMTC)

	dBm/4.5 MHz

dBm/9 MHz

dBm/18 MHz
	-76.79

-73.78

-70.77
	-73.78



	Propagation condition
	-
	AWGN

	channelOccupancyThreshold
	dBm
	-63


Table A.9.x.1.2-2: Channel occupancy RMTC and DMTC parameters

	measDuration-r13
	sym14

	rmtc-Period-r13
	ms40

	rmtc-SubframeOffset-r13
	20

	ReportInterval
	ms120

	dmtc-PeriodOffset-r12

	ms40-r12 value 0


A.9.x.1.3
Test Requirements

The nominal reported channelOccupancy shall be 33. At least 90% of channel occupancy reports made by the UE shall indicate this value.
A.9.x.1
FS3 average RSSI channel occupancy test (PCell using TDD)

A.9.x.1.1
Test Purpose and Environment

The purpose of this test is to verify that the channel occupancy is within the specified limits. This test will partially verify the requirements in Section 9.1.x.x.x

A.9.x.1.2
Test parameters

In all test cases, Cell 1 is the PCell and Cell 2 the Scell. RSSI is measured on channel number 2.

Table A.9.x.1.2-1: Channel occupancy test parameters

	Parameter
	Unit
	Test 1

	
	
	Cell 1
	Cell 2

	E-UTRA RF Channel Number
	
	1
	2

	BWchannel
	MHz
	5

10

20
	20

	Measurement bandwidth
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	PDSCH Reference measurement channel defined in A.3.1.1.1
	
	5MHz: R.4 TDD 

10MHz: R.0 TDD

20MHz: R.3 TDD
	TBD

	PDCCH/PCFICH/PHICH Reference measurement channel defined in A.3.1.2.1
	
	5MHz: R.11 TDD 

10MHz: R.6 TDD

20MHz: R.10 TDD
	TBD

	OCNG Patterns defined in A.3.2.1.1 (OP.1 FDD) and A.3.2.1.2 (OP.2 FDD)
	
	5MHz: OP.9 TDD 

10MHz: OP.1 TDD

20MHz: OP.7 TDD
	TBD
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in subframes not corresponding to RSSI measurement time configuration (RMTC)
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in subframes corresponding to RSSI measurement time configuration (RMTC) where system frame number mod 120 = 20

	dBm/15 kHz
	-106
	--88.28
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in subframes corresponding to RSSI measurement time configuration (RMTC) where system frame number mod 120 is not equal to 20
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 in subframes not corresponding to RSSI measurement time configuration (RMTC)
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 in subframes corresponding to RSSI measurement time configuration (RMTC)
	dB
	2.5
	-Infinity

	RSRP in subframes corresponding to RSSI measurement time configuration (RMTC)

	dBm/15 kHz
	-103.5
	-103.5

	RSRP in subframes not corresponding to RSSI measurement time configuration (RMTC)

	
	-103.5
	-Infinity

	Io in subframes corresponding to RSSI measurement time configuration (RMTC) where system frame number mod 120 = 20

	dBm/4.5 MHz

dBm/9 MHz

dBm/18 MHz
	76.79

-73.78

-70.77
	-60.5

	Io in subframes corresponding to RSSI measurement time configuration (RMTC) where system frame number mod 120 is not equal to  20

	dBm/4.5 MHz

dBm/9 MHz

dBm/18 MHz
	76.79

-73.78

-70.77
	-65.5

	Io in subframes not corresponding to RSSI measurement time configuration (RMTC)

	dBm/4.5 MHz

dBm/9 MHz

dBm/18 MHz
	-76.79

-73.78

-70.77
	-73.78



	Propagation condition
	-
	AWGN

	channelOccupancyThreshold
	dBm
	-63


Table A.9.x.1.2-2: Channel occupancy RMTC and DMTC parameters

	measDuration-r13
	sym14

	rmtc-Period-r13
	ms40

	rmtc-SubframeOffset-r13
	20

	ReportInterval
	ms120

	dmtc-PeriodOffset-r12

	ms40-r12 value 0


A.9.x.1.3
Test Requirements

The nominal reported channelOccupancy in this test is 33. At least 89% of channel occupancy reports made by the UE shall indicate this value.
3 Conclusion

In this contribution we present test methodology and draft test cases for average RSSI and channel occupancy.  Comments are invited with a view to agreeing on test cases in RAN4#79.
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