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1 Introduction
In last RAN4#1807 Ad-hoc meeting, phase1 test cases for RAN4#88 were listed. In this paper, we would like to discuss SS-RSRP intra frequency test parameters for FR2 with taking into account antenna gain and beamforming gain.
2 Discussion 
RAN4 need to define test parameters exactly for RRM tests which were defined in the last meeting. Table2-1 shows the first phase 1 tests. 

Table 2-1: Phase 1 tests for RAN4#88
	
	Test purpose

	1
	EN-DC/SA cell search and L1 meas period 

	3
	EN-DC Timing accuracy and adjustment

	4
	SA Timing accuracy and adjustment (draft if possible for RAN4#88, otherwise RAN4#88bis) 

	5
	EN-DC TA accuracy

	6
	SA TA accuracy

	7
	EN-DC SSB RLM for PSCell IS and OOS

	9
	SA SSB RLM for PCell IS and OOS

	10
	Random access

	11
	Intra-freq RSRP accuracy for FR1 and FR2

	12
	EN-DC SCell activation/deact delay

	13
	EN-DC/SA CSI RLM for PSCell or PCell

	14
	EN-DC interruptions due to DRX transition or deactivated SCell operationsa


Among the tests, we focus the test of intra-frequency RSRP accuracy for FR2 for discussion of test parameters. Basically, the test for FR2 applies for OTA. It means that antenna gain and beam forming gain should be considered for the test. 

In LTE RSRP TDD intra frequency test, test parameters such as Noc, Es/Noc and Es/Iot are configured with side condition of -6dB as seen in TableA.9.1.2.2-1 in TS36.133. 
Table A.9.1.2.2-1: RSRP TDD Intra frequency test parameters

	Parameter
	Unit
	Test 1
	Test 2
	Test 3

	
	
	Cell 1
	Cell 2
	Cell 1
	Cell 2
	Cell 1
	Cell 2

	E-UTRA RF Channel Number
	
	1
	1
	1

	BWchannel
	MHz
	10
	10
	10

	Special subframe configurationNote1
	
	6
	6
	6

	Uplink/downlink configurationNote1
	
	1
	1
	1

	Measurement bandwidth
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	22—27
	22—27
	22—27

	PDSCH Reference measurement channel defined in A.3.1.1.2
	
	R.0 TDD
	-
	R.0 TDD
	-
	R.0 TDD
	-

	PDSCH allocation
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	13—36 
	-
	13—36 
	-
	13—36 
	-

	PDCCH/PCFICH/PHICH Reference measurement channel defined in A.3.1.2.2
	
	R.6 TDD
	R.6 TDD
	R.6 TDD

	OCNG Patterns defined in A.3.2.2.1 (OP.1 TDD) and A.3.2.2.2 (OP.2 TDD)
	
	OP.1 TDD
	OP.2 TDD
	OP.1 TDD
	OP.2 TDD
	OP.1 TDD
	OP.2 TDD

	PBCH_RA
	dB
	0
	0
	0
	0
	0
	0

	PBCH_RB
	
	
	
	
	
	
	

	PSS_RA
	
	
	
	
	
	
	

	SSS_RA
	
	
	
	
	
	
	

	PCFICH_RB
	
	
	
	
	
	
	

	PHICH_RA
	
	
	
	
	
	
	

	PHICH_RB
	
	
	
	
	
	
	

	PDCCH_RA
	
	
	
	
	
	
	

	PDCCH_RB
	
	
	
	
	
	
	

	PDSCH_RA
	
	
	
	
	
	
	

	PDSCH_RB
	
	
	
	
	
	
	

	OCNG_RANote2
	
	
	
	
	
	
	

	OCNG_RBNote2 
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	Bands TDD_A
	dBm/15 kHz
	-106 
	-106
	-88
	-88
	-116

	
	Bands TDD_C
	
	
	
	
	
	-115

	
	Bands TDD_E
	
	
	
	
	
	-114
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	dB
	2.5
	-6
	2.5
	-6
	0.5
	-5.76

	RSRPNote4
	Bands TDD_A
	dBm/15 kHz
	-100
	-105
	-82
	-87
	-113
	-117

	
	Bands TDD_C
	
	
	
	
	
	-112
	-116

	
	Bands TDD_E
	
	
	
	
	
	-111
	-115

	IoNote4
	Bands TDD_A
	dBm/9 MHz
	-70.27
	-70.27
	-52.27
	-52.27
	-82.43

	
	Bands TDD_C
	
	
	
	
	
	-81.43

	
	Bands TDD_E
	
	
	
	
	
	-80.43
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	dB
	6
	1
	6
	1
	3
	-1

	Propagation condition
	-
	AWGN
	AWGN
	AWGN

	Note 1:
For special subframe and uplink-downlink configurations see Tables 4.2-1 and 4.2-2 in TS 36.211.

Note 2:
OCNG shall be used such that both cells are fully allocated and a constant total transmitted power spectral density is achieved for all OFDM symbols.

Note 3:
Interference from other cells and noise sources not specified in the test is assumed to be constant over subcarriers and time and shall be modelled as AWGN of appropriate power for 
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 to be fulfilled.

Note 4:
RSRP and Io levels have been derived from other parameters for information purposes. They are not settable parameters themselves.

Note 5:
RSRP minimum requirements are specified assuming independent interference and noise at each receiver antenna port.

Note 6:
E-UTRA operating band groups are as defined in Section 3.5.


For discussion of NR SS-RSRP intra frequency accuracy test parameters, we reuse the value of Noc and Es/Noc in the test1 of the table above. For the Noc and Es/Noc in FR2, antenna gain and Rx beamforming gain are applied. For example, assuming 4 Rx beam in FR2 as Figure2-1, the corresponding each Es/Noc is different depending on of the Rx beam direction. 
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 Figure2-1: Rx Beam Sweeping
In the example, Es/Noc at 1st Rx beam is higher than other Rx beams for serving cell and Es/Noc at 4th Rx beam is higher than other Rx beams for neighboring cell. In other words, the maximum Es/Noc and maximum SS-RSRP are derived when the Rx beam aligned with AoA. Therefore, new parameters for AoA and Rx beam direction need to be configured.

Table2-2 shows the derived values of test parameters with the example. For the example, we assume the followings.

· SCS is 120kHz
· AoA

· 0o for serving  NR cell

· 30o for neighboring NR cell

· Rx beam direction of main lobe

· 1st Rx beam :  0o 
· 4th Rx beam : 30o
· Difference of main lobe and all side lobe is 10dB

· For serving cell, in 1st Rx beam, direction 1 is main lobe and other directions are side lobe.
· For neighboring cell, in 4th  Rx beam, direction 4 is main lobe and other directions are side lobe.

Table2-2: SS-RSRP intra frequency test parameters for FR2 with different AoAs
	
	unit
	NR Cell1
	NR Cell2
	NR Cell1
	NR Cell2

	AoA
	degree
	0
	30
	0
	30

	Rx beam direction
	degree
	0
	30

	Noc
	dBm/120kHz
	-97
	-97

	Es/Noc1)
	dB
	6
	-9
	-4
	1

	Es
	dBm/120kHz
	-91
	-106
	-101
	-96

	SS-RSRP
	dBm/120kHz
	-91
	-106
	-101
	-96

	Io
	dBm/120kHz
	-89.9
	-92.8

	Iot
	dBm/120kHz
	-96.5
	-90
	-93.5
	-95.5

	Es/Iot1)
	dB
	5.5
	-16
	-7.5
	-0.5

	Note1 : Each Es/Noc and Es/Iot are maximum value at base band in case Rx beam sweeping is applied


As seen in Table2-2, the derived Es/Iot is out of the expected value(-6dB) due to Rx beamforming gain depending on Rx beam direction regardless of Es/Noc is same as LTE. It says securing the wanted side condition is hard when configuring different AoA for 2 NR cells. 
On the contrary to this, when configuring same AoA for 2 NR cells, the wanted side condition can be secured as seen in Table2-3.

Table2-3: SS-RSRP intra frequency test parameters for FR2 with same AoAs
	
	unit
	NR Cell1
	NR Cell2

	AoA
	degree
	0
	0

	Rx beam direction
	degree
	0

	Noc
	dBm/120kHz
	-97

	Es/Noc1)
	dB
	6
	1

	Es
	dBm/120kHz
	-91
	-96

	SS-RSRP
	dBm/120kHz
	-91
	-96

	Io
	dBm/120kHz
	-89

	Iot
	dBm/120kHz
	-93.5
	-90

	Es/Iot1)
	dB
	2.5
	-6

	Note1 : Each Es/Noc and Es/Iot are maximum value at base band in case Rx beam sweeping is applied


Based on the analysis, we propose as follows.
Proposal 1: For the wanted side condition at base band, same AoA for serving NR cell and neighboring NR cell needs to be configured.
Proposal 2: Values of configured test parameters need to be derived based on the best Rx Beam.

Proposal 3: Proposal 1 and Proposal 2 should to be considered for SS-RSRP, SS-RSRQ and SS-SINR tests. 

3 Conclusion
In this paper, we analysed SS-RSRP intra frequency test parameters by taking into account Rx beamforming gain for FR2 and proposed as follows.
Proposal 1: For the wanted side condition at base band, same AoA for serving NR cell and neighboring NR cell needs to be configured.

Proposal 2: Values of configured test parameters need to be derived based on the best Rx Beam.

Proposal 3: Proposal 1 and Proposal 2 should to be considered for SS-RSRP, SS-RSRQ and SS-SINR tests
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