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Introduction
In this contribution we discuss the test burden of IAB-Nodes and how to avoid excessive testing while still maintaining test coverage in similar level as it is for gNBs.
Discussion
A way forward agreed in RAN4#98-e outlining the high level principles of how test coverage can be maintained by means of reducing overlapping testing for IAB-MT and IAB-DU, in cases when they are RF implementation is either shared or uses identical hardware implementation [1]. Some key agreements from the way forward are reproduced below
· Test reduction cannot be applied when IAB-DU and IAB-MT are of different class.
· A new declaration or multiple new declarations are needed.
· Only when the side conditions are fulfilled, it is possible to declare shared or same RF HW. The reduction is allowed only when declaration for shared or same RF HW is done.
· When test reduction is applied, combined test coverage of IAB-MT and IAB-DU needs to be at least as large as it is for IAB-DU when test reduction is not applied.
· Test reduction cannot be applied for requirements which are defined for only IAB-DU or only IAB-MT.








 Based on the way forward many of the principles are clearly laid out, but three major open issues exists: What are the side conditions when IAB-MT and IAB-DU are similar enough to allow test reduction, what is the exact test scope when reduction is applied, and how all this is captured into technical specifications. In the following we discuss these three aspects one at a time.
Side conditions for allowing declaration of shared/same RF HW
It has been previously agreed that declaration sets will be independent for IAB-DU and IAB-MT, which allows declaring different performance parameters, such as maximum output powers, for IAB-MT and IAB-DU. Therefore, it is reasonable to expect that not all declarations needs to be fully identical between IAB-MT and IAB-DU, as also the use case are different given that IAB-DU operates also directly with UEs, and not only in backhaul link. For example, demodulation related declarations can easily differ due to this. However, this should not be a motivation to reduce the test coverage.
Observation 1: As the use case for IAB-MT and IAB-DU is different, it is unnecessary to require all declarations to be identical for test reduction to apply
Rather than analysing each declaration individually, it is more important to understand the end goal: avoiding overlapping testing. In our view, the testing is overlapping in case the key test parameters are the same. This means that the final configuration of the test parameters should have
· the same wanted signal power, both for Rx (sensitivity) and Tx
· the same total transmission bandwidth
· the same beam directions
for both IAB-MT and IAB-DU.
[bookmark: _Hlk67064002]In practice this means whether the test repetition optimisation applies is evaluated case by case for each test during the testing process. Consequently, there needs to be no agreement on specific side conditions which allow the declaration of shared/same RF implementation.

Proposal 1: Test reduction can be applied when the test parameters result in same wanted signal power, same total transmissions bandwidth and same beam directions, and when manufacturer has declared that the RF implementation is the same or shared between IAB-DU and IAB-MT.

Detailed test scope

Our proposal for the test scope is provided in table 1 to table 4. The tables contain the baseline of what is specified for gNBs which is applied for IAB-DU, and changes to that baseline is shown with revision marks.

Proposal 2: Adopt the test scope as captured in Table 1 to Table 4 when IAB-DU and IAB-MT use identical or shared RF HW.
Table 1: Radiated Tx requirements
	Tx requirement
	Classification
	Number of
	Number of
conformance directions for IAB-MT
	
	
	

	
	
	conformance directions for IAB-DU
	
	RF channels for IAB-DU
	RF channels for IAB-MT
	Comments

	Radiated transmit power
	Directional
	53
	2
	B, M, T
	M
	Conformance directions for IAB-DU and IAB-MT shall be non-overlapping. Coverage of total number of directions and channels is equal to gNB test coverage.

	OTA BS output power
	TRP
	See annex I
	
	B, M, T
	M
	

	OTA output power dynamics
	Directional
	1
	1
	M
	1
	No reduction due to different requirment

	OTA transmitter OFF power
	Co-location
	See clause 4.12
	-
	M
	-
	FR1: It is sufficient to test only IAB-DU as the requirement is the same

	
	Directional
	1
	-
	M
	-
	FR2: It is sufficient to test only IAB-DU as the requirement is the same

	OTA transient period
	Co-location
	See clause 4.12
	-
	M
	-
	FR1: It is sufficient to test only IAB-DU as the requirement is the same

	
	Directional
	1
	-
	M
	-
	FR2: It is sufficient to test only IAB-DU as the requirement is the same

	OTA modulation quality
	Directional
	5
	-
	B, T
	-
	Sufficient to test only IAB-DU as both IAB-MT and IAB-DU output CP-OFDM signals

	OTA frequency error
	Directional
	1
	1
	B, T
	T
	Split testing between IAB-DU and IAB-MT

	OTA time alignment error
	Directional
	1
	N/A
	M
	N/A
	Test reduction not possible as requirement is not defined for IAB-MT

	OTA occupied bandwidth
	Directional
	1
	-
	M
	-
	Sufficient to test only IAB-DU as the requirement is the same as for IAB-MT

	OTA ACLR
	TRP
	See annex I
	-
	B, T
	-
	Sufficient to test only IAB-DU as the requirement is the same or more stringent that for IAB-MT.

	OTA operating band unwanted emission
	TRP
	See annex I
	See annex I
	B, M, T
	M
	

	OTA transmitter spurious emission
	General requirement
	TRP
	See annex I
	-
	B below Tx signal frequency, 
T above Tx signal frequency
	-
	It is sufficient to test only IAB-DU as the emission performance of CP-OFDM signal does not depend on whether the underlying data content is UL or DL.

	
	Additional spurious emissions
	TRP
	See annex I
	-
	B below Tx signal frequency, 
T above Tx signal frequency
	-
	It is sufficient to test only IAB-DU as the emission performance of CP-OFDM signal does not depend on whether the underlying data content is UL or DL.

	
	Co-location with other base stations
	Co-location
	See clause 4.12
	-
	M
	-
	Requirement is applicable only for FR1.

It is sufficient to test only IAB-DU as the emission performance of CP-OFDM signal does not depend on whether the underlying data content is UL or DL.

	OTA transmitter intermodulation
	Co-location
	See clause 4.12
	-
	M
	-
	Requirement is applicable only for FR1.

It is sufficient to test only IAB-DU as the emission performance of CP-OFDM signal does not depend on whether the underlying data content is UL or DL.





















Table 2: Radiated Rx requirements
	Rx requirement
	Classification
	Applicability levels
	Number of
conformance directions for IAB-DU
	Number of
conformance directions for IAB-MT
	RF channels for IAB-DU
	RF channels for IAB-MT
	Comments

	
	
	FR1
	FR2
	
	
	
	
	

	OTA sensitivity
	Directional
	Minimum EIS
	N/A
	53
	2
	M
	M
	Conformance directions for IAB-DU and IAB-MT shall be non-overlapping.

	OTA reference sensitivity
	Directional
	OTA REFSENS
	OTA REFSENS
	5
	5
	B, M, T
	M
	

	OTA Dynamic range
	Directional
	OTA REFSENS
	N/A
	1
	N/A
	M
	N/A
	Test reduction not possible as requirement is not defined for IAB-MT

	OTA adjacent channel selectivity
	Directional
	minSENS
	OTA REFSENS
	1
	1
	M
	M
	It is sufficient to test only IAB-MT as CP-OFDM interfering signal has higher PAR and therefore the test case is more challenging

	OTA in-band blocking
	Directional
	OTA REFSENS and minSENS
	OTA REFSENS
	5
	5
	M
	M
	It is sufficient to test only IAB-MT as CP-OFDM interfering signal has higher PAR and therefore the test case is more challenging

	OTA out-of-band blocking
	General requirement
	Directional
	minSENS
	OTA REFSENS
	M
	-
	M
	-
	It is sufficient to test only IAB-DU as the requirement is the same

	
	Co-location with other base stations
	Co-location
	minSENS
	N/A
	M
	-
	M
	-
	It is sufficient to test only IAB-DU as the requirement is the same

	OTA receiver spurious emissions
	TRP
	See clause 7.7
	See clause 7.7
	See annex I
	-
	B below Rx signal frequency,
 T above Rx signal frequency
	-
	It is sufficient to test only IAB-DU as the requirement is the same

	OTA receiver intermodulation
	Directional
	OTA REFSENS and minSENS
	OTA REFSENS
	1
	1
	M
	M
	Requirement is specified only in FR1

It is sufficient to test only IAB-MT as CP-OFDM interfering signal has higher PAR and therefore the test case is more challenging

	OTA in-channel selectivity
	Directional
	minSENS
	OTA REFSENS
	1
	-
	M
	-
	Requirement is only defined for IAB-DU





Table 3: Conducted Tx requirements

	Tx requirement
	
	
	

	
	RF channels for IAB-DU
	RF channels for IAB-MT
	Comments

	Maximum output power
	B, M, T
	M
	

	Output power dynamics
	M
	M
	

	Transmitter OFF power
	M
	-
	Sufficient to test only IAB-DU as requirement is the same

	
	M
	-
	Sufficient to test only IAB-DU as requirement is the same

	Transient period
	M
	-
	Sufficient to test only IAB-DU as requirement is the same

	
	M
	-
	Sufficient to test only IAB-DU as requirement is the same

	Modulation quality
	B, M, T
	M,
	It would be sufficient to test only IAB-DU as the requirement is the same and both output CP-OFDM signals, but given so many channels are specified for IAB-DU, One channel is moved to IAB-MT to keep equivalent test scope and to test MT function also. 

	Frequency error
	B, M, T
	M
	

	Time alignment error
	M
	N/A
	Test reduction not possible as requirement is not defined for IAB-MT

	Occupied bandwidth
	M
	
	Sufficient to test only IAB-DU as requirement is the same

	ACLR
	B, M, T
	M
	

	Operating band unwanted emission
	B, M, T
	M
	

	Transmitter spurious emission
	General requirement
	B below Tx signal frequency, 
T above Tx signal frequency
	-
	It is sufficient to test only IAB-DU as the emission performance of CP-OFDM signal does not depend on whether the underlying data content is UL or DL.

	
	Additional spurious emissions
	B below Tx signal frequency, 
T above Tx signal frequency
	-
	It is sufficient to test only IAB-DU as the emission performance of CP-OFDM signal does not depend on whether the underlying data content is UL or DL.

	
	Co-location with other base stations
	B below Tx signal frequency, 
T above Tx signal frequency
	-
	It is sufficient to test only IAB-DU as the emission performance of CP-OFDM signal does not depend on whether the underlying data content is UL or DL.

	OTA transmitter intermodulation
	M
	
	It is sufficient to test only IAB-DU as the emission performance of CP-OFDM signal does not depend on whether the underlying data content is UL or DL.







Table 4: Conducted Rx requirements
	Rx requirement
	RF channels for IAB-DU
	RF channels for IAB-MT
	Comments

	Reference sensitivity
	B, M, T
	M
	

	Dynamic range
	M
	N/A
	Test reduction not possible as requirement is not defined for IAB-MT

	Adjacent channel selectivity
	M
	M
	It is sufficient to test only IAB-MT as CP-OFDM interfering signal has higher PAR and therefore the test case is more challenging

	In-band blocking
	M
	M
	It is sufficient to test only IAB-MT as CP-OFDM interfering signal has higher PAR and therefore the test case is more challenging

	Out-of-band blocking
	General requirement
	M
	
	It is sufficient to test only IAB-DU as the requirement is the same

	
	Co-location with other base stations
	M
	
	It is sufficient to test only IAB-DU as the requirement is the same

	Receiver spurious emissions
	M
	
	It is sufficient to test only IAB-DU as the requirement is the same

	Receiver intermodulation
	M
	M
	It is sufficient to test only IAB-MT as CP-OFDM interfering signal has higher PAR and therefore the test case is more challenging

	In-channel selectivity
	M
	N/A
	Test reduction not possible as requirement is not defined for IAB-MT



How to capture reduced test scope to TS
Some options how the test reduction is captured to TS were provided as part of the WF in [1]. In our view none of the options by itself is sufficient to provide the full picture and the achieve clarity and easy readability of the specification. The test reduction would require to be reflected in the specification in three different ways.
Firstly, one new declaration would need to be created to enable manufacturer to declare that RF implementation is either shared for IAB-MT and IAB-DU or the implementations are the same for both, even though the components are not shared.
Secondly, as the test reduction is mainly for tested RF channels or covering either IAB-MT or IAB-DU with the other one, the clearest way to capture the reduction scope is in the initial conditions of each tests. Initial conditions clause can include a separate description what is the test scope in case test reduction is applied.
Thirdly, with only the initial conditions the impact of test reduction would be scattered around the specification. Therefore, it is beneficial to provide a summary of the scope within clause 4 of the specification, in similar style that e.g. requirement set applicability is summarized. 
Proposal 3: One new declaration is sufficient to state RF implementation is shared or the same for IAB-DU and IAB-MT
Proposal 4: Capture the reduced test scope as a section within initial conditions of each tests, and additional provide overview of the test scope in summary tables within clause 4 of the conformance specifications.
An example how the initial conditions section could look like is provided below:
Initial conditions
Test environment:
-	Normal, see annex B.2,
In case test reduction is applicable, RF channels to be tested for: 
· IAB-DU: B, T
· IAB-MT: M.
Otherwise, RF channels to be tested for single carrier: B, M and T; see clause 4.9.1
In case test reduction is applicable, RF Bandwidth positions to be tested for multi-carrier and/or CA for:
· IAB-DU: BRFBW, TRFBW for single-band connector(s), see clause 4.9.1.
· IAB-MT: MRFBW for single-band connector(s), see clause 4.9.1.
· IAB-DU and IAB-MT: BRFBW_T'RFBW and B'RFBW_TRFBW for multi-band connector(s), see clause 4.9.1.
Otherwise, IAB-DU and IAB-MT RF Bandwidth positions to be tested for multi-carrier and/or CA:
-	BRFBW, MRFBW and TRFBW for single-band connector(s), see clause 4.9.1.
-	BRFBW_T'RFBW and B'RFBW_TRFBW for multi-band connector(s), see clause 4.9.1.
Conclusion 
In this contribution the test burden and test coverage analysis was provided to enable controlled reduction of test cases for IAB-Nodes. The following observation and proposals were made.
Proposal 1: Test reduction can be applied when the test parameters result in same wanted signal power, same total transmissions bandwidth and same beam directions, and when manufacturer has declared that the RF implementation is the same or shared between IAB-DU and IAB-MT.

Proposal 2: Adopt the test scope as captured in Table 1 to Table 4 when IAB-DU and IAB-MT use identical or shared RF HW.
Proposal 3: One new declaration is sufficient to state RF implementation is shared or the same for IAB-DU and IAB-MT
Proposal 4: Capture the reduced test scope as a section within initial conditions of each tests, and additional provide overview of the test scope in summary tables within clause 4 of the conformance specifications.
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