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1
Introduction
Different options for protocol testing and FR2 (mmWave) have been discussed at the RAN#78 (Feb-18) and the RAN5 SIG OTA webinar (March-18) meetings (reference [1], [2] and [3]).

One of the discussed options is based on a concept where the test system and the UE is calibrated to achieve the required UE measured RSRP (Reference Signal Received Power) seen by the UE under test. The calibration compensates for the OTA test system Measurement Uncertainty (MU) and losses caused by UE orientation etc. in the test system setup.  

The purpose of this paper is to elaborate on this calibration concept and propose a way forward.
2
Discussion
RAN5 protocol testing is functional testing performed under ideal radio conditions. However, the test system needs to transmit different power levels to trigger the protocol testing scenarios and events. 
The calibration concept provides means for the test system to output the necessary power levels to trigger the intended events in the UE under test.  

Principle for the calibration method:
1. UE is configured to report measured RSRP
2. The test system increases the transmitted power until the UE reports the required RSRP measured power level. 

3. The test system records the test system output power level and the associated RSRP level.

4. The test system repeats step 2 and 3 for each required UE measured RSRP level and for each cell/frequency used by the protocol test cases intended to be executed.

The set of recorded test system output power levels vs UE measured RSRP measured power levels will be valid as long as the UE physical test setup is not changed. Typically, the calibration procedure would be performed once before a testing session where multiple protocol test cases are executed. 

The calibration concept would enable RAN5 to focus on specifying the RSRP power levels to achieve the test purposes. RAN5 would not need to specify any specific OTA test system to be used for FR2 protocol testing. Any OTA test system supporting the calibration method can be used. 
To introduce the calibration concept RAN5 need to do: 
1. Specify a calibration procedure as outlined above. 

Note 1.
At the RAN5 SIG OTA webinar it was stated that the calibration of each cell/frequency should be independent and thus there is no need to consider simultaneous multi-cell calibration scenarios. The calibration process could be simplified if it can be shown that the UE is linear in power.
2. In protocol test cases in TS 38.523-1 refer to the required RSRP level(s) 
Note 2.
If the calibration concept is used for FR1 in addition to FR2 then could the same RSRP value be used in the test cases independent if the frequency under test; and the MU for FR1 may be decreased. If calibration method is only used for FR2 then need the test cases specify RSRP values for FR2 and EPRE (Energy Per Resource Element) values for FR1.

3. Consider specifying the calibration requirements in TS 36.523-2 per test case in terms of used cells and required RSRP power levels. This to enable automation of identifying calibration needs based on a selection of test cases in a test plan.

Below are examples illustrating how the concept cold be implemented in TS 38.508-1 (Example#1), TS 36.523-1 (Example#2) and TS 36.523-2 (Example#3).
Example#1 (TS 38.508-1, RSRP power levels): 
The table below illustrates how a table in TS 38.508-1 with definition of common RSRP power levels could look like. The column RSRP power level legends could be used by the protocol test cases to specify required RSRP power levels. The test cases could either refer to the common RSRP power level legends or the alias legends “Serving cell”, “Suitable cell” etc. 
Table x.y-1: RSRP calibrated power levels
	RSRP power level legends
	
	

	RSRP power level
	Alias
	Unit
	Calibrated RSRP Power level

	RSRP -60dBm
	-
	dBm
	-60

	RSRP -85dBm
	Serving cell
	dBm
	-85

	RSRP -91dBm
	Suitable neighbour intra-frequency cell
	dBm
	-91

	RSRP -93dBm
	-
	dBm
	-93

	RSRP -96dBm
	-
	dBm
	-96

	RSRP -97dBm
	Suitable neighbour inter-frequency cell
	dBm
	-97

	RSRP -115dBm
	Non-suitable cell
	dBm
	-115

	RSRP -145dBm
	Non-suitable "Off" cell
	dBm
	≤ -145


Example#2 (TS 36.523-1 protocol test cases): 
This example illustrates a table in a test case defining required RSRP power levels at different time instances of the test sequence. The example assumes that calibration is performed for both FR1 and FR2 (NR and E-UTRA cell).  If only NR FR2 is calibrated, then would additional EPRE power levels need to be specified for the E-UTRA cell and the case when the NR cell is FR1.

Table 8.x.y.z-n: Time instances of cell power level and parameter changes

	
	Power level

(Ref.: TS 38.508 Table x.y-1)
	

	Time
	E-UTRA Cell x
	NR Cell 1
	Remark

	T0
	RSRP -60dBm
	RSRP -60dBm
	The power level values are such that entering conditions for event XXX are not satisfied.

	T1
	RSRP -60dBm
	RSRP -93dBm
	The power level values are such that entering conditions for event XXX are satisfied.

	T2
	RSRP -93dBm
	RSRP -60dBm
	The power level values are such that leaving conditions for event XXX are satisfied.


Example#3 (TS 36.523-2 test cases calibration requirements): 
This example illustrates how the calibration requirements for each test case could be specified as part of the test case applicability table in TS 36.523-2. A test system knowing the set of protocol test cases to be executed could use this information to know the RSRP levels that need to be calibrated before executing the test cases. This example assumes that calibration is performed independent on the frequency range (FR1 or FR2). If only FR2 is calibrated, then would the “Used RSRP power levels” be limited to FR2.
Table 4.1-1: Applicability of Protocol conformance test cases, ref. TS 38.523-1 [2]
	Clause
	TC Title
	Release
	Applicability
	
	Additional Information
	
	
	

	
	
	
	Condition
	Comment
	Specific ICS
	Specific IXIT
	Used RSRP power levels
	Number of TC Executions

	8.x.y.1
	<Example multicell/multi RSRP power level test case, power levels based on Example#2>
	Rel-8
	Cxxx
	FFS
	pc_eFDD
	
	E-UTRA Cell 1:

Serving Cell, 
RSRP -60dBm,

RSRP -91dBm

NR Cell 1: 

RSRP -60dBm,

RSRP -91dBm
	

	
	
	
	
	
	pc_eTDD
	
	
	

	8.x.y.z.2
	<Example of single cell, single RSRP power level test case>
	Rel-8
	Cyyy
	FFS
	pc_eFDD
	
	NR Cell 1: Serving cell
	

	
	
	
	
	
	pc_eTDD
	
	
	


3
Proposal

Proposal#1: It is proposed that RAN5 use the OTA test system calibration concept as working assumption to enable protocol testing for FR2.
Proposal#2: If proposal#1 is endorsed then it is proposed that RAN5 further investigate in:

· if the FR2 calibration approach should also be used for FR1 and for cells of other RATs (e.g. for E-UTRA cells) covered by the 5GS protocol test cases;

· if the calibration procedure can assume that the UE is linear in power; and

· if the assumption that calibration of each cell/frequency is independent and thus there is no need to consider simultaneous multi-cell calibration scenarios (not even for intra-frequency multicell case?)
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