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1
Introduction

Currently there are several test cases available in TS 38.523-1 [1] for testing EN-DC. There is a requirement to run the test cases for both FR1 and FR2. FR2 testing requires OTA test systems and thereby adding complexity and challenges for test system vendors to provide a cost efficient test solutions and at the same time able to meet the requirements for testing protocol test cases. Currently RAN5 have agreed on a possible OTA test methodology with limitation based on DFF & IFF test methods. There are still a lot of unknown factors that needs to be analyzed and several offline discussion are already ongoing to see how these issues can be addressed. The aim of this discussion document is to highlight different factors affecting FR2 testing and to agree on a proposal to categorize them into different groups. This categorization will help to define the permitted OTA test methodologies for the types of test cases.
2
Discussion
2.1 Factors to consider for OTA Test systems
The following factors affect the Protocol test cases when considering the types of OTA test systems
2.1.1 No of Cells required

Based on the current defined test cases for EN-DC we have 

	Cell Combination (LTE-NR)

	1 LTE -1 NR

	1 LTE -2 NR

	1 LTE -3 NR

	1 LTE -4 NR


For SA, we expect that there will be similar requirements of 4 or more NR cells. 
The number of cells in a test case increases the number of Tx/Rx used in a test platform and also adds additional hardware resources to consider. Based on the current defined test cases for EN-DC, the number of cells that needs to be configured is 5 (1 LTE Cell and 4 NR Cell), this not only adds complexity to the test systems but also increases the cost and therefore is a challenge to be able to provide a cost effective test platform for certification.
The increase in hardware resources also requires the usage of combiners/splitters and thereby affecting the overall dynamic range.
2.1.2 Power Levels

The number of cells also causes problems to be able to have distinguishable power level differences due to limited dynamic range that is feasible for FR2. 
For LTE the following values are defined in TS 36.508 sec 6.2.2

Table 6.2.2.1-1: Default settings of suitable / non-suitable cells

	Power level type
	E-UTRAN
(Note 1-3)
	UTRAN
	GERAN

	
	Unit
	Power level
	
	

	Serving cell
	dBm/15kHz
	-85
	Table 6.1.1 (FDD) / 6.1.6a (TDD) [5]
	Table 6.1.10 [5]

	Suitable neighbour intra-frequency cell
	dBm/15kHz
	-91
	Table 6.1.2 (FDD) / 6.1.7 (TDD) [5]
	n/a

	Suitable neighbour inter-frequency cell
	dBm/15kHz
	-97
	Table 6.1.2 (FDD) / 6.1.7 (TDD) [5]
	Table 6.1.10 [5]

	Non-suitable cell
	dBm/15kHz
	-115
	Table 6.1.3 (FDD) / 6.1.8 (TDD) [5]
	Table 6.1.11 [5]

	Non-suitable "Off" cell
	dBm/15kHz
	≤ -145
	Table 6.1.4 (FDD) / 6.1.9 (TDD) [5]
	Cell is switched-off

	Note 1:
The power level is specified in terms of cell-specific RS EPRE instead of RSRP as RSRP is a measured value and cannot be directly controlled by the SS.

Note 2:
Power levels are specified based on the precondition that q-Hyst, a3-Offset and hysteresis are 0 dB.

Note 3:
The power level is specified at each UE Rx antenna.


The power levels between serving cell, suitable intra/inter neighbor cells are, 6dB apart for intra freq and 12dB apart for inter-freq. This is taking into consideration of SS uncertainty and measurement accuracy requirements specified in TS 36.508 [3] sec 6.2.2.1 and 6.2.2.2.

For NR FR1 the following power values are currently defined in TS 38.508-1 [2]
Table 6.2.2.1-3: Default settings of suitable / non-suitable cells

	Power level type
	NR
(Note 1-3)
	E-UTRAN

	
	Unit
	Power level
	

	Serving cell
	dBm/SCS
	-88
	Table 6.2.2.1-1 [2]

	Suitable neighbour intra-frequency cell
	dBm/SCS
	[-94]
	Table 6.2.2.1-1 [2]

	Suitable neighbour inter-frequency cell
	dBm/SCS
	[-99]
	Table 6.2.2.1-1 [2]

	Non-suitable cell
	dBm/SCS
	[-115]
	Table 6.2.2.1-1 [2]

	Non-suitable "Off" cell
	dBm/SCS
	[≤ -145]
	Table 6.2.2.1-1 [2]

	Note 1:
The power level is specified in terms of SS/PBCH SSS EPRE instead of RSRP as RSRP is a measured value and cannot be directly controlled by the SS. Full RE allocation with no boost or deboost is assumed.

Note 2:
The power level is specified at each UE Rx antenna.

Note 3:
DL level is applied for any of the Subcarrier Spacing configuration ([image: image1.wmf]m

) with the same power spectrum density of [-88]dBm/SCS. 

Note 4:
The default settings assume that the UE is making relative measurements of neighbour cells compared to the serving cell.


The power levels between serving cell, suitable intra/inter neighbor cells are 6dB apart for intra freq and 12dB apart for inter-freq. This is taking into consideration of SS uncertainty and measurement accuracy requirements specified in TS 38.508 [2] sec 6.2.2.1 and 6.2.2.1.1
For NR FR2 the following power values are currently defined 
Table 6.2.2.2-2: Default settings of suitable / non-suitable FR2 NR cells

	Power level type
	NR
(Note 1-2)

	
	Unit
	Power level

	Serving cell
	dBm/SCS
	-95

	Suitable neighbour intra-frequency cell
	dBm/SCS
	TBD

	Suitable neighbour inter-frequency cell
	dBm/SCS
	TBD

	Non-suitable cell
	dBm/SCS
	TBD

	Non-suitable "Off" cell
	dBm/SCS
	TBD

	Note 1:
The power level is specified in terms of SS/PBCH SSS EPRE instead of RSRP as RSRP is a measured value and cannot be directly controlled by the SS.

Note 2:
The power level is specified at each UE Rx antenna.


Currently the relative and absolute accuracy in TS 38.133 [7] & [8] for FR2 defined can be summarised as 

RSRP measurement accuracy in RRC_CONNECTED state

	
	Absolute RSRP measurement accuracy
	Relative RSRP measurement accuracy

	Intra-frequency
	+/-[8] dB
	+/-[6] dB

	Inter-frequency
	+/-[8] dB
	+/-[6] dB


For now assuming that the SS uncertainty remains the same as for FR1, then the above power table can be proposed as 
  Default settings of suitable / non-suitable FR2 NR cells

	Power level type
	NR
(Note 1-2)

	
	Unit
	Power level

	Serving cell
	dBm/SCS
	-95

	Suitable neighbour intra-frequency cell
	dBm/SCS
	-[104]

	Suitable neighbour inter-frequency cell
	dBm/SCS
	-[106]

	Non-suitable cell
	dBm/SCS
	-[115]

	Non-suitable "Off" cell
	dBm/SCS
	TBD

	Note 1:
The power level is specified in terms of SS/PBCH SSS EPRE instead of RSRP as RSRP is a measured value and cannot be directly controlled by the SS.

Note 2:
The power level is specified at each UE Rx antenna.


The power levels between serving cell, suitable intra/inter neighbor cells are 9dB apart for intra freq and 12dB apart for inter-freq.
It is not possible to deduce the Non-suitable cell range for FR2 as the minimum /maximum Io values are not defined yet. So for now the above value [-115] is proposed based on FR1 assumptions.

Taking these values into consideration and for e.g if you want to simulate 3 Intra freq cells at 3 different levels then you can have the following combination
	
	Parameter
	Unit
	EUTRA Cell 1
	NR Cell 1
	NR Cell 2
	NR Cell 4

	T0
	Cell-specific RS EPRE
	dBm/15kHz
	-85
	-
	-
	-

	
	SS/PBCH

SSS EPRE
	dBm/SCS
	-
	-[95]
	-[104]
	-[113]

	T0
	Cell-specific RS EPRE
	dBm/15kHz
	-85
	-
	-
	-

	
	SS/PBCH

SSS EPRE
	dBm/SCS
	-
	-[86]
	-[95]
	-[104]


As you can see –[113] is just about within the Non-suitable cell that is possible and also -[86] may not be possible to achieve for selected channel bandwidth. 

Taking these values into consideration and for e.g. if you want to simulate 3 Inter freq cells at 3 different levels then you can have the following combination

	
	Parameter
	Unit
	EUTRA Cell 1
	NR Cell 1
	NR Cell 2
	NR Cell 4

	T0
	Cell-specific RS EPRE
	dBm/15kHz
	-85
	-
	-
	-

	
	SS/PBCH

SSS EPRE
	dBm/SCS
	-
	-[95]
	-[106]
	-[118]

	T0
	Cell-specific RS EPRE
	dBm/15kHz
	-85
	-
	-
	-

	
	SS/PBCH

SSS EPRE
	dBm/SCS
	-
	-[83]
	-[95]
	-[106]


As you can see –[118] is above the Non-suitable cell that is possible and also -[83] may not be possible to achieve for selected channel bandwidth. 

The dynamic range could also have an impact when combiners/splitters/ are being used.

Based on the above examples some of the EN-DC test cases and future SA test cases needs to take into consideration the number of cells and the dynamic power range that is possible to achieve for FR2 or else there should be more tighter requirements specified for certain test cases.

Proposal #1: To review the power level requirements in detail and to check if different accuracy /threshold requirements needs to be specified for FR2
2.1.3 Calibration Methods for OTA testing
This document does not go into the details of RF power loss and possible calibration process that is required to be able setup the power levels correctly. There are ongoing discussions on this topic to see if it is possible to perform signal level calibration based on RSRP measurement reporting.
2.1.4 Active Cells

In NB-IoT, certain test cases required the number of cells configured to be more than 5. Cells that were initially used as part of the test procedure and no longer required for the test cases were considered “Off”. This allowed test platform to re use the resource for another cell, thus at any given time instance only 4 cells are active at any given time instance.

Taking the hardware requirements into consideration and also the limitation in  power levels that can be achieved it is proposed to define the number of active cells at given point in time.
Proposal #2 : To introduce the concept of Active Cells in TS 38.508-1 [2] and to limit the no of NR cells to 4 for EN-DC and 4 for SA. Additionally, to review the introduced EN-DC test cases to check if it is possible to reduce the requirement on number of hardware resources.
2.2 Categorization of test cases
Taking the above factors into account, and considering the fact that there are still lots of unknown values that is important to finalize, it is proposed to categorize the test cases into different types of test cases as shown below as an example.
	Type of Test cases
	Requirements
	Permitted OTA Test Methods
	Reference Test cases

	Type A
	Stable Radio Link
	DFF or IFF, [NF]
	Tc_x_1_1

	Type B
	+/-4 dB Absolute Accuracy
	DFF or IFF
	Tc_x_1_2

	Type C
	+/-8 dB Absolute Accuracy
	DFF or IFF
	Tc_x_1_3

	Type D
	+/- 3dB Relative Accuracy
	DFF or IFF
	Tc_x_1_4

	Type E
	+/- 6dB Relative Accuracy
	DFF or IFF
	Tc_x_1_5


This categorization can further be updated as part of the power level table to clearly identify which type of  OTA test setups are permitted to be used. The reference test case can be used as a guidance for test lab and test platform manufactures to show the possible OTA test setup meets the requirements for the type of test cases. 
Proposal #3 : To introduce the categorization of test cases for permitted OTA test setups to TS 38.508-1 [2]
3
Conclusion
The Categorization of the test cases will allow test vendors to investigate in parallel the possible OTA test methods that can be used. R&S requests RAN5 to agree on the following proposals  
Proposal #1 : To review the power level requirements in detail and to check if different accuracy /threshold requirements needs to be specified for FR2
Proposal #2 : To introduce the concept of Active Cells in TS 38.508-1 [2] and to limit the no of NR cells to 4 for EN-DC and 4 for SA. Additionally, to review the introduced EN-DC test cases to check if it is possible to reduce the requirement on number of hardware resources.
Proposal #3 : To introduce the categorization of test cases for permitted OTA test setups to TS 38.508-1 [2]
4
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