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Introduction
RAN4 completed the core part of Integrated Access and Backhaul work in RAN4#96e and the first performance part discussion took place in RAN4#97-e. In this contribution we discuss the test burden of IAB-Nodes and some options to reduce it.
Discussion
In RAN4#97-e it was discussed that as IAB-DU and IAB-MT have separate requirements, it may be that in worst case all requirements will be tested separately for IAB-DU and IAB-MT. If there are no changes to the number of tests, the IAB-Node test burden is approximately doubled compared to a regular gNB. Therefore, it was agreed in [1] that test burden and test coverage will be further analyzed. The relevant part of [1] is reproduced below.- Possible reduction of tests will be further analyzed taking into account test coverage for both IAB-DU and IAB-MT and for both conducted and radiated testing. Aspects to be analyzed include but are not limited to
· RF channels
· Test directions
· Shared vs. separated RF architecture
· Is this declared
· Testing only more demanding requirement for shared architecture

As IAB-DU functions alike to gNB and shares the requirements with gNB, it is logical that the same tests apply for both IAB-DU and gNB. However, when the test framework from gNB is adopted for IAB-DU, the test burden put on the complete IAB-Node should be considered. If all the test parameter combinations applied for gNB are adopted for IAB-DU, the total test burden for an IAB-Node will increase with all the test specified for IAB-MT. This in practice makes the full test burden for IAB-Node infeasible, as the test time increases to be extremely long.
Naturally, test time considerations cannot be taken independently without taking into account also test coverage. It is important that functionality of the IAB-Node is tested with such coverage that there can be full trust that the device operates as it is intended to operate. Therefore, leaving key metrics completely untested does not appear as an attractive option, as it would erode the trust that the device actually fulfills the requirements. 
The test reduction seems especially reasonable for implementations sharing the same RF HW for IAB-MT and IAB-DU. In such cases, especially when the RF requirement is the same, many of the conformance tests are just repeating the exact same test with an UL signal instead of DL signal. This is meaningful for some of the cases, for example for modulation quality it is meaningful to verify that the same HW can output both UL and DL signals with sufficient quality. However, there are also cases where there is negligible difference if UL or DL signal is used, as both are based on CP-OFDM. For example, emissions performance is related to more basic parameters like peak-to-average ratio, bandwidth and power level of the signal. If these are kept the same for both IAB-DU and IAB-MT, the performance is expected to be same.
Proposal 1: For implementations sharing the same RF hardware between IAB-MT and IAB-DU, amount of duplicated testing shall be minimized when it does not bring added value.
To understand the starting point better, there is a need to look at current gNB conformance test specification more in detail. The test directions of OTA requirements are summarized in tables 4.1.1-1 and 4.1.1-2 in TS 38.141-2. These tables have been copied below, and an additional column has been added to provide the RF channels used in single carrier operation. This dataset provides the starting point for what is tested currently for gNBs.
Table 1: Overview of radiated Tx requirements from TS 38.141-1
	Tx requirement
	Classification
	Coverage range
	Number of
	

	
	
	FR1
	FR2
	conformance directions
	RF channels

	Radiated transmit power
	Directional
	OTA peak directions set
	OTA peak directions set
	5
	B, M, T

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

	OTA output power dynamics
	Directional
	OTA peak directions set
	OTA peak directions set
	1
	M

	OTA transmitter OFF power
	Co-location
	See clause 4.12 
	N/A
	See clause 4.12
	M

	
	Directional
	N/A
	OTA peak directions set
(Note 2)
	1
	M

	OTA transient period
	Co-location
	See clause 4.12
	N/A
	See clause 4.12
	M

	
	Directional
	N/A
	OTA peak directions set
(Note 2)
	1
	M

	OTA modulation quality
	Directional
	OTA coverage range
	OTA coverage range
	5
	B, T

	OTA frequency error
	Directional
	OTA coverage range
	OTA coverage range
	1
	B, T

	OTA time alignment error
	Directional
	OTA coverage range
	OTA coverage range
	1
	M

	OTA occupied bandwidth
	Directional
	OTA coverage range
	OTA coverage range
	1
	M

	OTA ACLR
	TRP
	N/A
	N/A
	See annex I
	B, T

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

	OTA transmitter spurious emission
	General requirement
	TRP
	N/A
	N/A
	See annex I
	B below Tx signal frequency, 
T above Tx signal frequency

	
	Protection of the BS receiver of own or different BS
	Co-location
	See clause 4.12
	N/A
	See clause 4.12
	M

	
	Additional spurious emissions
	TRP
	N/A
	N/A
	See annex I
	B below Tx signal frequency, 
T above Tx signal frequency

	
	Co-location with other base stations
	Co-location
	See clause 4.12
	N/A
	See clause 4.12
	M

	OTA transmitter intermodulation
	Co-location
	See clause 4.12
	N/A
	See clause 4.12
	M

	NOTE 1:	Directional requirement does not imply one compliance direction only. The directional requirement applies to a single direction at a time.
NOTE 2:	For FR2, RF Core requirements are defined on TRP levels. Conformance requirements are verified by EIRP measurements in the reference direction.



Table 2: Overview of radiated Rx requirements from TS 38.141-2
	Rx requirement
	Classification
	Applicability levels
	Coverage range
	Number of
	

	
	
	FR1
	FR2
	FR1
	FR2
	conformance directions
	RF channels

	OTA sensitivity
	Directional
	Minimum EIS
	N/A
	OSDD
	N/A
	5
	M

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

	OTA Dynamic range
	Directional
	OTA REFSENS
	N/A
	OTA REFSENS RoAoA
	N/A
	1
	M

	OTA adjacent channel selectivity
	Directional
	minSENS
	OTA REFSENS
	minSENS RoAoA
	OTA REFSENS RoAoA
	1
	M

	OTA in-band blocking
	Directional
	OTA REFSENS and minSENS
	OTA REFSENS
	OTA REFSENS RoAoA and minSENS RoAoA
	OTA REFSENS RoAoA
	5
	M

	OTA out-of-band blocking
	General requirement
	Directional
	minSENS
	OTA REFSENS
	minSENS RoAoA
	OTA REFSENS RoAoA
	1
	M

	
	Co-location with other base stations
	Co-location (Note 2)
	minSENS
	N/A
	minSENS RoAoA
	N/A
	1
	M

	OTA receiver spurious emissions
	TRP
	See clause 7.7
	See clause 7.7
	N/A
	N/A
	See annex I
	B below Rx signal frequency,
 T above Rx signal frequency

	OTA receiver intermodulation
	Directional
	OTA REFSENS and minSENS
	OTA REFSENS
	OTA REFSENS RoAoA and minSENS RoAoA
	OTA REFSENS RoAoA
	1
	M

	OTA in-channel selectivity
	Directional
	minSENS
	OTA REFSENS
	minSENS RoAoA
	OTA REFSENS RoAoA
	1
	M

	NOTE 1:	Directional requirement does not imply one compliance direction only. The directional requirement applies to a single direction at a time.
NOTE 2:	The compliance direction for co-location blocking is applicable for the wanted signal only but not the interfering signal.



Firstly, means are needed to separate implementations where testing something only for IAB-MT provides information on IAB-DU RF performance or vice versa. Two such cases are identified, either IAB-MT and IAB-DU are physically implemented using the exact same RF chains or the implementations are identical i.e. copies of each other. To identify these cases, it is suggested to add manufacturer declarations.
Proposal 2: It shall be declared whether RF HW is shared between IAB-MT and IAB-DU.
Proposal 3: It shall be declared whether RF HW is identical copy between IAB-MT and IAB-DU
For this kind of implementations, when RF channels and test directions are considered, it appears that full test coverage can be reached when the combined tests of IAB-MT and IAB-DU cover the set of gNB test directions and RF channels. This means that when for example ACLR of gNB is verified, it is measured with B and T channel positions. Now for IAB-Nodes corresponding coverage could be reached by testing IAB-DU ACLR in B channel position and IAB-MT ACLR in T channel position. 
Naturally, some further discussion is needed whether this can be applied for all cases. For example, let’s consider a case with local area IAB-MT and local area IAB-DU. IAB-DU ACLR can be 28 dBc while IAB-MT ACLR is 24 dBc. It is questionable if meeting 24 dBc ACLR demonstrates that 28 dBc ACLR can be also met.
Observation 1: RF requirements of IAB-DU and IAB-MT need to be sufficiently similar to apply test reduction.
However, there are many requirements and many IAB class combinations where the requirements are identical. Therefore, it is seen that this principle is useful to consider test reductions. Same principle can apply also for test directions, i.e. out of 5 directions e.g. 3 are tested for IAB-DU and 2 for IAB-MT, and this is considered to provide the full coverage of 5 test directions of IAB-Node.
Proposal 4: For shared or identical RF HW implementations it is deemed that test coverage is complete when combined set of IAB-DU and IAB-MT RF channel positions and test directions is the same as corresponding RF channel and test direction set of gNB.
· FFS for which tests this is applied and what side conditions apply
Furthermore, there are some requirements where it might not matter at all whether IAB-DU or IAB-MT is tested. For example, if Tx spurious emissions are tested while transmitting CP-OFDM signal, the resulting emissions are expected to be practically identical independent of whether the transmitted data content is UL or DL. There are also cases where the requirement is slightly more demanding for either IAB-MT or IAB-DU. For example, it can be expected that if local area IAB-DU meets 28 dBc ACLR also local area IAB-MT using same RF HW will meet 24 dBc ACLR. 
For receiver blocking requirements this case appears when the signal levels are the same but IAB-MT uses CP-OFDM interfering signal whereas IAB-DU uses DFT-s-OFDM interferer. As CP-OFDM signal has higher peak-to-average-power ratio, the signal peaks result in higher voltage peaks in the receiver HW, resulting in more challenging test case. Therefore, it is sufficient to test only IAB-MT requirement for shared or identical RF HW implementations in this case.
Proposal 5: When it is identified that either IAB-MT or IAB-DU requirement is more demanding, it is sufficient to test only the more demanding requirement for shared or identical RF HW implementations.
Proposal 6: For shared or identical RF HW implementations receiver blocker tests (ACS, IBB, Rx IMD) are sufficient to perform only for IAB-MT with CP-OFDM interferer signal
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.
Observation 1: RF requirements of IAB-DU and IAB-MT need to be sufficiently similar to apply test reduction.
Proposal 1: For implementations sharing the same RF hardware between IAB-MT and IAB-DU, amount of duplicated testing shall be minimized when it does not bring added value.
Proposal 2: It shall be declared whether RF HW is shared between IAB-MT and IAB-DU.
Proposal 3: It shall be declared whether RF HW is identical copy between IAB-MT and IAB-DU
Proposal 4: For shared or identical RF HW implementations it is deemed that test coverage is complete when combined set of IAB-DU and IAB-MT RF channel positions and test directions is the same as corresponding RF channel and test direction set of gNB.
· FFS for which tests this is applied and what side conditions apply
Proposal 5: When it is identified that either IAB-MT or IAB-DU requirement is more demanding, it is sufficient to test only the more demanding requirement for shared or identical RF HW implementations.
Proposal 6: For shared or identical RF HW implementations receiver blocker tests (ACS, IBB, Rx IMD) are sufficient to perform only for IAB-MT with CP-OFDM interferer signal
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