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Introduction
In the previous RAN WG 4 meeting 97-e, the discussion about IAB-MT conformance testing setup and performance and CSI requirements continued. It is summarized in [1]. Based on the WF [2], there are still many open issues, including:
· The approach and details of IAB-MT conformance testing setup
· HARQ/RV feedback from IAB-MT to the TE
· The source of time synchronization for IAB-MT
· The approach and details of IAB-MT performance requirements and tests:
· Definition of test applicability rules
· Independence of rrequirements on slot configurations, CSI-RS for tracking, etc.
In our previous contribution [3], we have already provided an overview of BS and UE conformance testing setups. 
[bookmark: _Ref47533852]In this paper, we clarify our vision of IAB-MT testing setup. It is confirmed with simulations that existing UE requirements can be adapted to the testing setup based on the BS approach without a need to change already specified minimum performance metrics. We also discuss the details of IAB-MT requirements and test configurations.

IAB-MT conformance testing setup
Below, we provide a quick overview of exiting BS and UE conformance testing setups. Then we clarify the use of FCRs, synchronization and propose the IAB-MT testing setup.

BS and UE conformance testing setups
In Table 1, we are re-summarizing the BS and UE testing approaches. A lot more details can also be found in the Appendix.

[bookmark: _Ref61535859]Table 2. Summary comparison of legacy BS and UE demodulation test setups.
	Configuration
	BS
	UE

	Test equipment
	Signal generator/BS tester
	System Simulator

	Placing in test mode
	Booting directly,
RRC configuration genie aided.
	Test mode control messaged from SS,
RRC connected state achieved by Sync&RACH procedure before the test.

	Needed RAN protocol layers
	L1/L2
	L1/L2/L3

	Test coverage
	Tested/required channel only
	Multiple channels and signals in addition to tested/required channel

	Reference channels
	Fixed Reference Channel (FRC)
	Reference Measurement Channel (RMC)

	TDD slot pattern
	Any supported
	Fixed by RMC

	TE-DUT Uu connection
	Unidirectional
	Bidirectional

	HARQ/RV feedback
	Error-free, Cable or RF link (Uu or proprietary)
	Over PUCCH (noise-free)

	Synchronization
	BS is a source of sync for signal generator, or an external sync source for both BS and TE
	SS is a source of sync over Uu interface



In RAN4#97-e, it was discussed what the exact meaning of the so-called unidirectional (BS like approach) and bidirectional (UE like approach) of the Uu interface is. The following definition of unidirectional vs. bidirectional Uu interface connection test setup was captured in the WF [2], though further clarification of the BS approach was requested.
	· unidirectional (BS like approach) means
· TE to IAB-MT linkage: DL by Uu interface
· IAB-MT to TE linkage: Not through Uu interface
· bidirectional (UE like approach) means
· TE to IAB-MT linkage: DL by Uu interface
· IAB-MT to TE linkage: UL by Uu interface.



In our opinion, the confusion about the unidirectional approach naming stems from the observation that both uni- and bidirectional tests have a feedback mechanism. However, the uni/bi-directional nomenclature only covers the Uu interface. 
A test setup that is commonly called “unidirectional” must still have a feedback channel. However, the feedback is not necessarily carried over the Uu interface and, even if it is, does not need to be NR standard compliant. Alternative cable and RF-based approaches are permitted.

FRCs and RMCs
The discussion about “UE style” vs. “BS style” test setup often hinges on the definition of the respective reference channels:
· BS requirement definition: FRC (fixed reference channel).
· UE requirement definition: RMC (reference measurement channel).
In this section, we want to clearly present our understanding of these two reference channels (and their differences) using an example from the UE demodulation requirement specification (RMC R.PDSCH.2-1.2 with TDD pattern FR1.30-1 from TS 38.101-4):

[image: ]
[bookmark: _Ref61601199]Figure 1: Graphic representation of R.PDSCH.2-1.2 TDD, with identification of hypothetically corresponding BS requirement FRCs: FRC1, FRC2, FRC3.

[bookmark: _Hlk61610619]We observe from Figure 1 that an RMC can be represented as a succession of various FRCs, interspersed with uplink slots/HARQ feedback opportunities, and other reference signal slots (e.g., SSB):
· FRC1: a PDSCH full slot allocation. Used in BS FRCs.
· FRC2: a PDSCH special slot allocation. Present in the configuration but are left unallocated in BS tests.
· FRC3: a PDSCH allocation with REs reserved for T-RS, which does not have a direct precedent in BS FRCs, but is similar to FRCs with REs taken up by PT-RS.
We will present results in later sections, showing that leaving the non-FRC slots unallocated (achieving the synchronization and feedback functions via other practical means), does not impact the measure performance in a meaningful way.
An RMC can be represented as a succession of various FRCs. Leaving non-FRC slots, slots with T-RS, and special slots unallocated does not impact the measure performance in a meaningful way.

IAB-MT synchronization
In this section, we confirm that coarse synchronization or fine time synchronization can be provided via the digital feedback link from the tester or by a common (e.g., GNSS) source or by Uu interface.
Firstly, time synchronization between IAB-nodes is essential for the support of TDD system and some potential features which need network synchronization. In the RAN1#98-Bis meeting [4] it was agreed that
	An IAB node with multiple parents treats each parent as a separate synchronization source. The IAB node can also treat RAT-independent sources such as GNSS (if used) as a separate synchronization source.



In wireless communication systems, synchronization is provided to the BS, which then synchronizes the air interface. 
gNB/BTS can have two types of external reference input clock sources. Either physical clock signals (e.g., 1PPS&ToD) or packet-based recovered clock (e.g., Precision Time Protocol(PTP)/Timing Over Packet(TOP)) provide phase/frequency/time synchronization.
RAN-level phase and time synchronization is achieved by synchronizing to the Primary Reference Time Clock (PRTC). Even though, in practice, hierarchical master-slave architectures can be used, for the testing purpose, we can assume that GNSS based synchronization source is available locally. It provides a PRTC traceable synchronization reference signal directly to the device under test and/or test equipment.
Following TS 38.133, the accuracy of UE timing accuracy is limited by the Time Adjustment (Step). For reference, a TAC step is 
· 0.522 us for 15 kHz
· 0.26 us for 30 kHz
Modern GNSS based synchronization servers can provide timing accuracy on the level of 10s of nanosecond and even less. For example, SyncServer S650 M-Code from Microchip/Microsemi has a time accuracy of less than 50 ns at 1PPS output after one day locked to GPS [5].
The synchronization quality is not explicitly in the scope of neither UE nor IAB-MT performance testing. One of the reasons is that after initial synchronization and during continuous signal transmission from TE to DUT (i.e., without DRX), the IAB-MT can support fine time synchronization only from DM-RS. To confirm that we have performed link-level PDSCH simulations with the configurations defined in TS 38.101-04. The following additional assumptions were made:
· Resources for SSB and CSI-RS are allocated according to RMC, but the signals are not sent
· Time and frequency offset compensation algorithm based on DM-RS was used
The results presented in Table 2 (FR1, Time offset is 22% and 90% of CP, 30 kHz SCS) and Table 3 (FR2, Time offset is 91% of CP, 120 kHz SCS) do not show any significant impact of such time offset values on demodulation performance.

Table 3: FR1 HSDPA test cases with/without TO equal to 22% and 90% of CP (30 kHz SCS).
	Test case
	Impairment results without TO, SNR (dB)
	Impairment results with TO, 22% of CP, SNR (dB)
	Difference, dB
	Impairment results with TO, 90% of CP, SNR (dB)
	Difference (dB)

	FR1_2Rx, Table 5.2.2.2.1-3, test num 1-4
	1,92
	1,89
	-0,03
	1,9
	-0,02

	FR1_2Rx, Table 5.2.2.2.1-4, test num 2-1
	18,97
	18,99
	0,02
	19,02
	0,05

	FR1_4Rx, Table 5.2.3.2.1-3, test num 1-4
	-1,17
	-1,14
	0,03
	-1,11
	0,06

	FR1_4Rx, Table 5.2.3.2.1-4, test num 2-1
	12,33
	12,33
	0
	12,36
	0,03

	FR1_4Rx, Table 5.2.3.2.1-5, test num 3-1
	10,85
	10,87
	0,02
	10,88
	0,03

	FR1_4Rx, Table 5.2.3.2.1-6, test num 4-1
	14,84
	14,81
	-0,03
	14,84
	0



Table 4: FR2 HSDPA test cases with/without TO equal 91% of CP (120 kHz SCS).
	Test case
	Impairment results without TO, SNR (dB)
	Impairment results with TO, SNR (dB)
	Difference (dB)

	FR2_2Rx, Table 7.2.2.2.1-3, test num 1-2
	2,2
	2,59
	0,39

	FR2_2Rx, Table 7.2.2.2.1-4, test num 2-4
	14,46
	13,97
	-0,49

	FR2_2Rx, Table 7.2.2.2.1-4, test num 2-6
	18,35
	18,15
	-0,2



[bookmark: _Ref54384991]It is agreed that the IAB node can also treat RAT-independent sources as a separate synchronization source. Fine time synchronization can be provided to the IAB-MT from the GNSS based PRTC with a necessary level of accuracy. Reasonably small time offsets (less than a CP) can be tolerated using only DMRS without meaningful impact on the demodulation performance.

Proposed IAB-MT testing setup
Based on the characteristic of IAB deployments and user scenarios [6] we can conclude that the complexity of full UE testing is excessive for IAB-MT nodes. Especially considering that IAB-MTs are part of the infrastructure and thus, deployment is planned, controlled, and a required minimum level of standard compliance is enforced by MNOs. Therefore, we see it necessary to define IAB-MT testing setup and demodulation tests based on the BS approach. We strive to not preclude UE style testing but consider BS approach as the main feasible option.
The main principles of IAB-MT conformance testing based on BS approach are formulated below:
· Test Equipment (TE) is based on Signal Generator (SG)
· IAB-MT is allowed to knowingly be in L1/L2 test mode, e.g., booted directly into the testing mode
· Testing setup uses unidirectional (BS-like) Uu interface between TE and IAB-MT
· The requirements are formulated in FRC-like way, i.e., the dependencies on the signals and channels apart from the tested channel are minimized. Other TDD slot patterns are allowed, i.e. not only the reference one.
· HARQ feedback shall be provided from IAB-MT to the TE via an error-free link. The concrete approach is up to implementation.
· TE and IAB-MT under test are synchronized. Synchronization can be provided either via the digital feedback link from the tester or by a common (e.g., GNSS) source, or by Uu interface. The concrete approach is up to implementation.
A proposed scheme of the conformance test setup is shown in Figure 3 and Figure 4 for conducted and radiated cases, respectively.


[bookmark: _Ref53157884]Figure 3: Functional setup for IAB-MT performance requirements testing, conducted conditions.


[bookmark: _Ref53157885]Figure 4: Functional setup for IAB-MT performance requirements testing, radiated conditions.

Consider IAB-MT as a part of a network node with test setup and performance requirements based on the BS approach. Apply the following principles for IAB-MT BS-style testing:
a. TE definition is based on the assumption of using a signal generator
b. IAB-MT shall be in a L1/L2 testing mode with an established RRC configuration
c. Uni-directional Uu interface shall be used
d. Testing is based on FRC definitions.
e. HARQ feedback shall be provided from IAB-MT to the TE via an error-free link
f. An external synchronization source for the TE and DUT is assumed

We note here that, 
All of the proposed BS-style testing setup principles can also be implemented using the UE-style test setup. 
Optional provisions for sending reference signals can be made as a note in the FRC description. 
It is advantageous to standardize on a single realization of the test setup, and functionally equivalent implementations of the setup are not precluded.

IAB-MT performance requirements
[bookmark: _Ref61624205]PDSCH
A number of details concerning IAB-MT PDSCH requirements remain open from the last meeting.

[bookmark: _Ref61630156]Propagation conditions
We have noticed that down-selection of propagation conditions agreed in the previous meeting may harm the test coverage of PDSCH.
	· High speed scenarios
· Skip test cases that are related to high speed scenario such as cases with TDLB100-400 Low, TDLC300-100 Low, HST for FR1 and TDLC60-300 Low, TDLA30-300 Low for FR2.



[bookmark: _Hlk61644527]For example, simultaneous exclusion of QPSK tests (was also agreed at the previous meeting) and TDLC300-100 channel model will result in complete absence of FR1 Rank 1 tests both for 2Rx and 4Rx. Similarly, excluding TDLA30-300 propagation conditions will result in the absence of Rank 1 tests in FR2.
On the other hand, introduction of new propagation conditions with proper alignment of calibration results may not be possible due to the lack of contributing companies.
Down-scoping of TDLC300-100 propagation conditions in FR1 and TDLA30-300 in FR2 will result in insufficient test coverage.
Keep propagation conditions TDLC300-100 in FR1 and TDLA30-300 in FR2.

MCS and Mapping type
In RAN4#97-e the MCS and mapping type for PDSCH were not fully decided [2]:
	· MCS 
· QPSK shall not be tested.
· 64QAM shall be tested
· 16 QAM
· Option 1: 16QAM shall be tested.
· Option 2: 16QAM shall not be tested.
· Mapping type
· Option 1: Only keep PDSCH performance requirements for mapping Type-A
· Option 2: Include requirements for mapping type A and B. Use applicability rule to reduce testing load.



Concerning the question of testing 16QAM or not, we remark the observation that FR1 rank3 and rank 4 requirements are only available for 16QAM MCS in the UE demodulation specification.
FR1 PDSCH requirements for rank 3 and rank 4 transmission are only available for 16QAM.
Another company also remarked in the last meeting that “according to TS 38.306 64QAM is mandatory IAB-MT feature only for FR1. In this case if we preclude 16QAM testing we might have situation when IAB-MT will not be tested at all for FR2”.
Considering these observations we want to update our proposal from the last meeting as follows:
Include 16QAM in PDSCH requirements.

Concerning the mapping type, type B is only covered by a single test case and this case is already excluded by the prior decision to not test QPK.
Mapping type B testing is already excluded by the previous decision to not test QPSK.

Advanced test cases
One group of open issues from RAN4#97-e could be summarized under the umbrella of “advanced test cases”.
With the first item on the list being enhanced receivers :
	· Enhanced receiver 
· Option 1: Skip PDSCH cases for enhanced receiver Type 1.
· Option 2: Include requirements for enhanced receiver Type 1 but allow to declare support.



Such enhanced receivers are optional UE features and outperform normal receiver in interference rich scenarios.
Firstly, for IAB-MT nodes we don’t see it necessary to incorporate optional UE features. Secondly, the IAB network node placement is planned and will take interference management into account. As such the performance advantages of enhanced receivers are only rarely of interest. We remind that this enhanced receiver is thought for SU-MIMO, i.e., inter-layer, interference mitigation. Such inter-layer interference is common in highly correlated channels, which can be avoided with little effort in IAB deployment.
We also recognize that optional UE features can have their support declared and as such a IAB-MT will not be forced to implement/enable enhanced receivers to pass conformance testing.
However, we still lean towards not having requirements for features that are of little interest in a certain device.
Do not include PDSCH cases for enhanced receiver Type 1, as this feature is of little interest to IAB-MTs.

A further “advanced” use case discussed in the last meeting is [2]:
	CSI-RS overlapped with PDSCH 
· Option 1: Skip PDSCH cases for CSI-RS overlapped with PDSCH.
· Option 2: Keep a down scoped set of PDSCH cases for CSI-RS overlapped with PDSCH.



In our understanding this is a mandatory feature, unlike stated in the discussion during the last meeting. As such testing cannot be avoided by declaration of support.
However, we don’t see a reason for an IAB-parent to configure such a case. In normal deployment it might sometimes be necessary to insert a CSI-RS in unfavorable positions for quick measurement updates, due to a quickly varying channel or beams. The IAB deployments favor LOS channels and stable connections, as is required for a backhaul that carries the load of a larger group of access users.
Hence we don’t see CSI-RS overlapped with PDSCH to be a common use case for IAB-MTs.
Do not include PDSCH cases for CSI-RS overlapped with PDSCH, as this is not a commonly required configuration in Rel-16 IAB.

The last “advanced” use case discussed in the last meeting is PDSCH co-existence with LTE CRS :
	PDSCH co-existence with LTE CRS 
· Option 1: Skip PDSCH cases for co-existence with LTE CRS.
· Option 2: Keep PDSCH cases for co-existence with LTE CRS.



In our understanding this feature is linked to the optional UE capability of “additionalDMRS-DL-Alt”, as such testing is not mandatory, and support can be declared. On the other hand, such a deployment scenario seems very unlikely in IAB.
Ultimately, we don’t have a strong opinion on this topic.

Impact of various configurations on testing
In this section we are addressing the following questions that were raised in the WF:
	· Questions on performance aspects
· Q1: Which configurations of the Uu interface (i.e., channels and signals) are required for performance testing, that are not the channel/signal under test?
· E.g., in PDSCH demodulation testing with TPUT KPI, is there a meaningful difference between running the test with T-RS/SSB as configured in UE demod, and using optimal synchronization without transmitting T-RS/SSB?
· This question also partially encompasses enquiries and responses regarding the rationale behind the manifold proposals to remove test parameters from UE demod derived requirements.

· TDD pattern
· FFS: Specify requirements with one TDD pattern configuration and declare the requirements to be applicable for any configuration

· Relative TPUT and slot configuration
· FFS: Investigate further how dependent the SNR for achieving relative throughput (e.g. 70%) is on the slot configuration (in particular for high SNR).




In order to confirm our vision that there is not meaningful difference between running the tests with T-RS/SSB and using optimal synchronization but without T-RS/SSB, we performed a set of link-level simulations. For the configuration of the simulations the parameters were taken from the PDSCH tests defined TS 38.101-4. Even though the resources for SSB, CSI and T-RS were allocated, none of these signals was sent. As a reference, other companies’ calibration results in FR2 [R4-1902879] and in FR1 [R4-1908213] were used. Our impairment simulation results and average calibration results are presented in Table 5. In all of IAB-MT relevant test cases the difference between our and average calibration results is either less or very close to the standard deviation in calibration results.

[bookmark: _Ref61640808]Table 5: Comparison of PDSCH demodulation test performance with and without T-RS/SSB.
	Test case
	Nokia impairment results, SNR (dB)
	Average value by other companies, SNR (dB)
	STD (dB)
	Difference to average (dB)

	FR1, 2RX

	FR1_2Rx, Table 5.2.2.2.1-3, test num 1-4
	1,92
	1,06
	0,79
	-0,86

	FR1_2Rx, Table 5.2.2.2.1-4, test num 2-1
	18,97
	18,97
	0,77
	0,00

	FR1_2Rx, Table 5.2.2.2.1-4, test num 2-2
	18,42
	19,01
	0,88
	0,59

	FR1, 4RX

	FR1_4Rx, Table 5.2.3.2.1-3, test num 1-4
	-1,17
	-1,67
	0,74
	-0,50

	FR1_4Rx, Table 5.2.3.2.1-4, test num 2-1
	12,33
	12,77
	0,91
	0,44

	FR1_4Rx, Table 5.2.3.2.1-4, test num 2-2
	12,4
	12,90
	1,05
	0,50

	FR1_4Rx, Table 5.2.3.2.1-5, test num 3-1
	10,85
	10,62
	0,99
	-0,23

	FR1_4Rx, Table 5.2.3.2.1-6, test num 4-1
	14,84
	14,86
	0,79
	0,02

	FR2, 2RX

	FR2_2Rx, Table 7.2.2.2.1-3, test num 1-2
	2,2
	1,15
	0,95
	-1,05

	FR2_2Rx, Table 7.2.2.2.1-3, test num 1-3

	12,97
	11,57
	1,19
	-1,40

	FR2_2Rx, Table 7.2.2.2.1-4, test num 2-2
	14,36
	13,91
	1,09
	-0,45

	FR2_2Rx, Table 7.2.2.2.1-4, test num 2-3
	13,73
	13,47
	1,17
	-0,26

	FR2_2Rx, Table 7.2.2.2.1-4, test num 2-4
	14,46
	13,73
	1,23
	-0,73

	FR2_2Rx, Table 7.2.2.2.1-4, test num 2-5
	14
	13,81
	1,11
	-0,19

	FR2_2Rx, Table 7.2.2.2.1-4, test num 2-6
	18,35
	17,82
	1,21
	-0,54



If optimal synchronization is assumed, there is not meaningful difference between running the test configured in UE demod with or without T-RS/SSB.
Do not specify the following parameters in IAB-MT PDSCH test configurations and leave them up to implementation:
g. SSB,
h. PDCCH configuration, 
i. CSI-RS for tracking,
j. ZP CSI-RS.

In order to investigate how dependent the SNR for achieving relative throughput (e.g. 70%) is on the slot configuration another set of link-level simulations was performed. Again, for the configuration of the simulations the parameters were taken from the PDSCH tests defined TS 38.101-4. The resources for SSB, CSI and T-RS were allocated, but none of these signals was sent. Additionally, we did not send data in special slots. The performance was compared to the simulations when the data in special slots was present, and the difference is shown in Table 6.

[bookmark: _Ref61642623]Table 6: Difference in PDSCH demodulation test performance with and without data sent in special slots.
	Test case
	Difference between test SNR with and without special slots (dB)

	FR1, 2RX

	FR1_2Rx, Table 5.2.2.2.1-3, test num 1-4
	-0.33

	FR1_2Rx, Table 5.2.2.2.1-4, test num 2-1
	0.01

	FR1, 4RX

	FR1_4Rx, Table 5.2.2.2.1-4, test num 2-2
	0.1

	FR1_4Rx, Table 5.2.3.2.1-3, test num 1-4
	-0.27

	FR1_4Rx, Table 5.2.3.2.1-4, test num 2-1
	-0.01

	FR1_4Rx, Table 5.2.3.2.1-4, test num 2-2
	0

	FR2, 2RX

	FR2_2Rx, Table 5.2.3.2.1-5, test num 3-1
	0.04

	FR2_2Rx, Table 5.2.3.2.1-6, test num 4-1
	0.04

	FR2_2Rx, Table 7.2.2.2.1-3, test num 1-2
	0.02

	FR2_2Rx, Table 7.2.2.2.1-3, test num 1-3
	0

	FR2_2Rx, Table 7.2.2.2.1-4, test num 2-2
	0.1

	FR2_2Rx, Table 7.2.2.2.1-4, test num 2-3
	0.01

	FR2_2Rx, Table 7.2.2.2.1-4, test num 2-4
	0.1

	FR2_2Rx, Table 7.2.2.2.1-4, test num 2-5
	0.05

	FR2_2Rx, Table 7.2.2.2.1-4, test num 2-6
	-0.02



There is no meaningful difference between running the test configured in UE demod with or without data present in special slots.
Give the TDD pattern assumed by the RMC/FRC for simulation in the PDSCH configuration table. Add a note that makes the requirements applicable to all TDD patterns chosen for testing (similar to BS demodulation specification).

PDCCH
A number of details concerning MT PDCCH requirements remain open from the last meeting.

[bookmark: _Ref61630173]Aggregation level
In the last meeting, we had proposed to limit the aggregation levels to be tested, which is also captured in the open issues :
	· Aggregation level 
· Option 1: Only keep PDCCH performance requirements with AL 8.
· Option 2: Include all requirements but declare which is supported and/or use applicability rule.
· Option 3: The MT has to support all aggregation levels and there is no capability to inform the parent about support.



Upon further study of the impact of option 1, we want to change our opinion.
While we don’t see IAB-MTs using the “more extreme” aggregation levels (ALs) on a regular basis, the test coverage is heavily reduced by limiting the AL to only 8. Furthermore, the implementation of all ALs, except AL 16, seems straightforward.
Here is the complete list of PDCCH TDD requirements, currently captured in TS 38 101-4 V 16.3.0. 
We observe that limitation to AL 8 would remove all 1Tx requirements.
Table 7: 2Rx 1Tx, TDD, Minimum performance for PDCCH with 30 kHz SCS.
	Test number
	Bandwidth (MHz)
	CORESET RB
	CORESET duration
	Aggregation level
	Reference Channel
	Propagation Condition
	Antenna configuration and correlation Matrix
	Reference value

	
	
	
	
	
	
	
	
	Pm-dsg (%)
	SNR (dB)

	1
	40 
	102
	1
	2
	R.PDCCH. 2-1.1 TDD
	TDLA30-10
	1x2 Low
	1
	7.0

	2
	40 
	102
	1
	4
	R.PDCCH. 2-1.2 TDD
	TDLC300- 100
	1x2 Low
	1
	3.0

	3
	40 
	48
	2
	16
	R.PDCCH. 2-2.1 TDD
	TDLC300- 100
	1x2 Low
	1
	-3.8



Table 8: 2Rx 2Tx, TDD, Minimum performance for PDCCH with 30 kHz SCS.
	Test number
	Bandwidth (MHz)
	CORESET RB
	CORESET duration
	Aggregation level
	Reference Channel
	Propagation Condition
	Antenna configuration and correlation Matrix
	Reference value

	
	
	
	
	
	
	
	
	Pm-dsg (%)
	SNR (dB)

	1
	40 
	90
	1
	8
	R.PDCCH. 2-1.3 TDD
	TDLC300-100
	2x2 Low
	1
	-1.2



Table 9: 4Rx 1Tx, TDD, Minimum performance for PDCCH with 30 kHz SCS.
	Test number
	Bandwidth (MHz)
	CORESET RB
	CORESET duration
	Aggregation level
	Reference Channel
	Propagation Condition
	Antenna configuration and correlation Matrix
	Reference value

	
	
	
	
	
	
	
	
	Pm-dsg (%)
	SNR (dB)

	1
	40 
	102
	1
	2
	R.PDCCH. 2-1.1 TDD
	TDLA30-10
	1x4 Low
	1
	2.1

	2
	40 
	102
	1
	4
	R.PDCCH. 2-1.2 TDD
	TDLC300-100
	1x4 Low
	1
	-0.9

	3
	40 
	48
	2
	16
	R.PDCCH. 2-2.1 TDD
	TDLA30-10
	1x4 Medium A
	1
	-3.6



Table 10: 4Rx 2Tx, TDD, Minimum performance for PDCCH with 30 kHz SCS.
	Test number
	Bandwidth (MHz)
	CORESET RB
	CORESET duration
	Aggregation level
	Reference Channel
	Propagation Condition
	Antenna configuration and correlation Matrix
	Reference value

	
	
	
	
	
	
	
	
	Pm-dsg (%)
	SNR (dB)

	1
	40 
	90
	1
	8
	R.PDCCH. 2-1.3 TDD
	TDLC300-100
	2x4 Low
	1
	-4.3



We don’t see enough active contributors in this WI, to successfully re-launch simulation alignment and requirements simulation campaigns. Hence, we need to rely on the test cases already present in UE demodulation.
Thus, we propose to capture requirements for all ALs except for 16:
Include all TDD PDCCH requirements except for AL 16.

We note the comment from the last meeting that “the MT has to support all aggregation levels and there is no capability to inform the parent about support”, however we don’t need to test a configuration that no IAB parent node is expected to configure in deployment.
Unless there is a statement that AL16 is planned to be supported and used, we don’t see it necessary to include this option.

Propagation conditions
For the same test coverage and re-use of UE demod result reasons that were discussed in section 3.1.1 and section 3.2.1 (just above), we would like to reconsider the propagation condition down-selection for PDCCH.
Removing TDLC300-100 would leave no 2Tx requirements, for example.
Hence, in the interest of achieving usable test coverage we propose:
RAN4 to not down-select requirements for PDCCH from UE demod due to propagation conditions.

Test coverage of SCS
Given the following agreement from last meeting , we are observing some possible issues with the test coverage:
	· FDD and TDD requirements
· Do not specify FDD requirements.

· CBW/SCS
· Specify requirements for 40MHz for 30kHz, 50MHz for 60kHz, and 100MHz for 120kHz.
The applicability rule used in existing BS demodulation requirements for testing of larger bandwidths than the specified one should be reused. I.e., the tests shall be done by using performance requirement for the closest channel bandwidth lower than this widest supported bandwidth; the tested PRBs shall then be centered in this widest supported channel bandwidth.
· Note: 40MHz/15kHz requirements are not present in TS 38.101-4 and 10MHz/15kHz is for FDD only.



When checking the available requirements in the specification (see tables in section 3.2.1), we observe that TDD requirements only cover SCS 30kHz. SCS 15kHz is only UE demod tested in FDD.
It might be required to discuss re-use of UE demod FDD requirements.
We also ask ourselves the question, if an IAB-MT should be able to declare support for demod features (e.g., SCS 15kHz only), like a BS can, or if IAB-MT are expected to support all mandatory UE features.
Following the agreement of not specifying FDD requirements, it is unclear if 15kHz SCS PDCCH FDD requirements can be re-used in IAB-MT, or if it is required to have 15kHz SCS PDCCH requirement at all.

0. Impact of various configurations on testing
Similarly to the equally named subsections in the PDSCH section, we analyze here what configurations and signals do not impact the IAB-MT demodulation testing, when assuming an FRC based (BS-like) test setup. now :
	· Test parameters specification simplification
· Option 1: Remove the CSI-RS for tracking parameters from the UE demod PDCCH requirements and leave them up to implementation.
· Option 2: Keep the CSI-RS for tracking parameters from the UE demod PDCCH requirements. 
Since the link is configured by the parents this cannot be left to implementation. The MT is supposed to work with different parents.



We have shown previously for PDSCH (see section 3.1) that the chosen TDD pattern, and the presence of configurations for PDCCH, CSI-RS for tracking, and ZP CSI-RS, do not have a meaningful impact on the measured performance.
Under the assumption that the same holds for the PDCCH requirements, we make the following proposal:
Add the T-RS configuration assumed by the RMC/FRC for simulation in the PDCCH configuration table. Add a note to the RMC/FRC that it is up to test setup and test implementation if the T-RS is transmitted and/or demodulated.
Keeping the T-RS “gaps” present in the RMC/FRC description should make the writing of the specification more straightforward. While keeping the configuration present “for information” helps by providing a starting point when using equivalent test setups, based on system simulators.

PBCH
While it is possible to envision an IAB-MT device that does not need to demodulate PBCH at all, most will have such functionality to (at least) change parent nodes in very rare occurrences.
However, the network nodes will in most cases know the SSB index of the prospective parent nodes. Hence,
Re-use and test the TDD UE demodulation minimum performance requirements for the case of “SS/PBCH block index is known”. Skip the cases of unknown index.

SDR requirements
In our last contribution [3] we showed that sustained downlink data rate (SDR) tests require the test setup to support L3/PDCP data loopback. BS-like (i.e., signal generator based) testing setups do not offer such functionality.
Hence,
SDR testing required L3/PDCP data loopback functionality in the TE.
Do not use the data loopback test function and consequently do not specify SDR tests for IAB-MT.


CSI reporting requirements
Many details concerning the CSI reporting requirements remain open from the last meeting.

Resource and report type
The first set of open issues concerns the CSI resource type and reporting type [2]:
	· CSI-RS resource type
· Option 1: Only keep periodic NZP CSI-RS resource type for CQI/PMI/RI reporting cases.
· Option 2: Keep all UE demod configuration for NZP CSI-RS resource types for CQI/PMI/RI reporting cases.
· CQI/PMI/RI reporting type
· Option 1: Only keep periodic CSI reporting type for CQI/PMI/RI reporting cases.
· Option 2: Keep periodic and aperiodic CSI reporting type for CQI/PMI/RI reporting cases.



It is our understanding that IAB functionality will mainly be operated using periodic CSI-RS allocation and corresponding periodic reporting. Potential energy savings, sometimes attributed to aperiodic frameworks, are not of elevated concern in IAB-MTs.
Since the IAB system time/frequency resource planning is also more aligned with a constant and predictably dimensioned backhaul link, the dynamic adaptation capabilities of aperiodic signaling also brings less advantages here than in other use cases.
Limit requirements to only include periodic NZP CSI-RS and reporting.

Concerning the content of the CSI-RS reports, we remind the deployment of IAB functionality is not random but can leverage network planning to favor LOS conditions with stable link quality. In such stable radio environments, the usefulness of RI and PMI is limited. Assuming a realistic test is devised, the RI/PMI values would change very rarely and, thus, the overall performance metrics would barely show the difference between better and normal demodulation performance.
As such, we see it sufficient to only require CQI testing for IAB-MTs.
Limit CSI reporting requirements to reporting of CQI only.


CQI reporting
Furthermore, the question of CQI reporting granularity has been left open until now :
	· CQI reporting granularity
· Option 1: Only keep wideband CQI reporting granularity for CQI/PMI/RI reporting cases.
· Option 2: Keep wideband and subband CQI reporting granularity for CQI/PMI/RI reporting cases



Similarly to the reasoning concerning why CQI reporting requirements are sufficient, we observe that the LOS focused IAB-MT deployments exhibit a very slow change of the channel estimate with respect to the sub-band number. Hence,
It is sufficient to limit requirements for CQI reporting to the wideband case.

The UE demodulation requirements for CQI reporting are currently defined using various propagation conditions: 
· Conducted/FR1: AWGN, TDLA30-5 Low, and two tap. 
· Radiated/FR2: AWGN, TDLA30-35 Low.
Given the assumed LOS deployment, the two tap propagation conditions are not representative of the expected channel. Even the usefulness of TDLA is not immediately clear to us.
Limit the propagation conditions in CQI reporting to re-use AWGN.
Limit the propagation conditions in CQI reporting to re-use AWGN and TDLA.

Impact of various configurations on testing
Similar to the equally named subsections in prior sections, we analyze here what configurations and signals do not impact the IAB-MT demodulation testing, when assuming a FRC based (BS-like) test setup. now :
	· Option 1: Remove the following parameters from CSI reporting requirements and leave them up to implementation: PDCCH configuration, CSI-RS for tracking, ZP CSI-RS.
· Option 2: Do not remove the following parameters from CSI reporting requirements and leave them up to implementation: PDCCH configuration, CSI-RS for tracking, ZP CSI-RS.
It cannot be left to implementation, as the MT will not configure this link.



We have shown previously for PDSCH (see section 3.1) that the chosen TDD pattern, and the presence of configurations for PDCCH, CSI-RS for tracking, and ZP CSI-RS, do not have a meaningful impact on the measured performance.
Under the assumption that the same holds for the CSI reporting requirements, we make the following proposals:
Do not specify a PDCCH configuration for CSI reporting testing.
Do not specify ZP CSI-RS configuration for CSI reporting testing.
In the interest of simplifying specification writing, our proposals for TDD pattern and CSI-RS for tracking are slightly different:
Give the TDD pattern assumed by the RMC/FRC for simulation in the CSI reporting configuration table. Add a note that makes the requirements applicable to all TDD patterns chosen for testing (similar to BS demodulation specification).
Give the T-RS configuration assumed by the RMC/FRC for simulation in the CSI reporting configuration table. Add a note to the RMC/FRC that it is up to test setup and test implementation if the T-RS is transmitted and/or demodulated.

Interworking requirements
It remains open, if interworking requirements are to be included in the IAB-MT demodulation requirements :
	· Inclusion of interworking requirements
· Option 1: Skip LTE-NR coexistence/DC/etc. requirements.
· Option 2: Keep LTE-NR coexistence/DC/etc. requirements and allow to declare support.



First, we want to clarify that we use the term interworking requirements to cover the whole group of UE (potential IAB-MT) demodulation performance requirements for EN-DC, NE-DC, inter-band NR-DC between FR1 and FR2, and inter-band NR CA between FR1 and FR2.
Hence this section represents a rather substantial amount of requirements to potentially test.
Initially we want to propose that all decision taken for IAB demod on channels without interworking activated, also apply to the case of having an E-UTRA cell as part of the setup.
If interworking requirements are agreed to be included, all agreements taken on channels and features outside the interworking context, also apply to the interworking requirements.

However, given the large number of requirements in this section, we propose to only consider inclusion in the IAB-MT specification and study concerning required adaptation to the IAB-MT case, if a contributor manifests strong desire to include the interworking requirements.
Do not re-use the interworking requirements for the IAB-MT requirement specification.

Conclusion
In this paper, we describe our vision of IAB-MT conformance testing setup based on BS approach. The proposals that we make are supported by the results of link level simulations. We also address open issues regarding the scope and parameters of IAB-MT performance and CSI reporting testing.
We have made the following observations and proposals:

About IAB-MT conformance testing setup:
1. An RMC can be represented as a succession of various FRCs. Leaving non-FRC slots, slots with T-RS, and special slots unallocated does not impact the measure performance in a meaningful way.
It is agreed that the IAB node can also treat RAT-independent sources as a separate synchronization source. Fine time synchronization can be provided to the IAB-MT from the GNSS based PRTC with a necessary level of accuracy. Reasonably small time offsets (less than a CP) can be tolerated using only DMRS without meaningful impact on the demodulation performance.
1. Consider IAB-MT as a part of a network node with test setup and performance requirements based on the BS approach. Apply the following principles for IAB-MT BS-style testing:
a. TE definition is based on the assumption of using a signal generator
b. IAB-MT shall be in a L1/L2 testing mode with an established RRC configuration
c. Uni-directional Uu interface shall be used
d. Testing is based on FRC definitions.
e. HARQ feedback shall be provided from IAB-MT to the TE via an error-free link
f. An external synchronization source for the TE and DUT is assumed
All of the proposed BS-style testing setup principles can also be implemented using the UE-style test setup. 
Optional provisions for sending reference signals can be made as a note in the FRC description. 
It is advantageous to standardize on a single realization of the test setup, and functionally equivalent implementations of the setup are not precluded.

About IAB-MT PDSCH performance requirements:
Down-scoping of TDLC300-100 propagation conditions in FR1 and TDLA30-300 in FR2 will result in insufficient test coverage.
Keep propagation conditions TDLC300-100 in FR1 and TDLA30-300 in FR2.
FR1 PDSCH requirements for rank 3 and rank 4 transmission are only available for 16QAM.
Another company also remarked in the last meeting that “according to TS 38.306 64QAM is mandatory IAB-MT feature only for FR1. In this case if we preclude 16QAM testing we might have situation when IAB-MT will not be tested at all for FR2”.
Considering these observations we want to update our proposal from the last meeting as follows:
Include 16QAM in PDSCH requirements.
Mapping type B testing is already excluded by the previous decision to not test QPSK.
Do not include PDSCH cases for enhanced receiver Type 1, as this feature is of little interest to IAB-MTs.
Do not include PDSCH cases for CSI-RS overlapped with PDSCH, as this is not a commonly required configuration in Rel-16 IAB.
If optimal synchronization is assumed, there is not meaningful difference between running the test configured in UE demod with or without T-RS/SSB.
Do not use the following parameters in IAB-MT PDSCH test configurations and leave them up to implementation:
g. SSB,
h. PDCCH configuration, 
i. CSI-RS for tracking,
j. ZP CSI-RS.
There is no meaningful difference between running the test configured in UE demod with or without data present in special slots.
Give the TDD pattern assumed by the RMC/FRC for simulation in the PDSCH configuration table. Add a note that makes the requirements applicable to all TDD patterns chosen for testing (similar to BS demodulation specification).

About IAB-MT PDCCH performance requirements:
Include all TDD PDCCH requirements except for AL 16.
RAN4 to not down-select requirements for PDCCH from UE demod due to propagation conditions.
Following the agreement of not specifying FDD requirements, it is unclear if 15kHz SCS PDCCH FDD requirements can be re-used in IAB-MT, or if it is required to have 15kHz SCS PDCCH requirement at all.
[bookmark: _GoBack]Add the T-RS configuration assumed by the RMC/FRC for simulation in the PDCCH configuration table. Add a note to the RMC/FRC that it is up to test setup and test implementation if the T-RS is transmitted and/or demodulated.

About other IAB-MT performance requirements:
Re-use and test the TDD UE demodulation minimum performance requirements for the case of “SS/PBCH block index is known”. Skip the cases of unknown index.
SDR testing required L3/PDCP data loopback functionality in the TE.
Do not use the data loopback test function and consequently do not specify SDR tests for IAB-MT.

About other IAB-MT CSI reporting requirements:
Limit requirements to only include periodic NZP CSI-RS and reporting.
Limit CSI reporting requirements to reporting of CQI only.
It is sufficient to limit requirements for CQI reporting to the wideband case.
Limit the propagation conditions in CQI reporting to re-use AWGN.
Limit the propagation conditions in CQI reporting to re-use AWGN and TDLA.
Do not specify a PDCCH configuration for CSI reporting testing.
Do not specify ZP CSI-RS configuration for CSI reporting testing.
Give the TDD pattern assumed by the RMC/FRC for simulation in the CSI reporting configuration table. Add a note that makes the requirements applicable to all TDD patterns chosen for testing (similar to BS demodulation specification).
Give the T-RS configuration assumed by the RMC/FRC for simulation in the CSI reporting configuration table. Add a note to the RMC/FRC that it is up to test setup and test implementation if the T-RS is transmitted and/or demodulated.

About other IAB-MT interworking requirements:
If interworking requirements are agreed to be included, all agreements taken on channels and features outside the interworking context, also apply to the interworking requirements.
Do not re-use the interworking requirements for the IAB-MT requirement specification.
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Appendix

BS conformance testing setup
Below, we are summarizing the main points of the BS performance testing approach based on in TS 38.104 [7] and TS 38.141:
· Testing setup consists of Test Equipment (TE), including BS tester/Signal generator, channel and noise generators, and the link between the components, Device Under Test (DUT), i.e., BS under test.
· BS is booted into specially implemented test mode and placed into the test harness.
· One physical channel (PUSCH or PUCCH or PRACH) is transmitted by the signal generator (also called BS tester or Test Equipment (TE)) during corresponding test execution.
· The performance requirements for the BS are specified for the fixed reference channels (FRC). In FRC, the code block size and total number of bits per slot stay the same for all uplink slots.
· The requirements are formulated for a reference TDD slot configuration pattern. However, the requirements are agnostic to the pattern and only one of the supported shall be tested.
· BS demodulation tests involve only user plane Layer 1 and Layer 2 functionality only.
· Unidirectional radio interface is used, i.e., the Uu interface is used only for the transmissions from the signal generator towards BS.
· Error-free HARQ feedback during PUSCH tests could be done as an RF feedback (e.g., proprietary or non-standard compliant Uu) or as a digital feedback (e.g., via cable).
· A synchronization signal may be provided from the BS to the signal generator to enable the correct timing of the wanted signal. Alternatively, a common external synchronization source might be used for both DUT and TE.
Figure 5 and Figure 6 demonstrate conducted and radiated functional setups for performance requirements testing, respectively.
[image: ]
[bookmark: _Ref52811682]Figure 5: Functional setup for performance requirements for PUSCH, single user PUCCH, PRACH on single antenna port in multipath fading conditions for BS with Rx diversity (2 Rx case shown). Conducted case from TS 38.141-1.
[image: ]
[bookmark: _Ref52811690]Figure 6: OTA test setup for multipath fading propagation conditions from TR 37.941.

UE conformance testing setup
Below, we are summarizing the main points of the UE performance testing approach based on 3GPP TS 38.101-4, TS 38.508-1, TS 38.521-4:
· Testing setup consists of test equipment (TE), including system simulator (SS), interference and AWGN generators, and device under test (DUT), i.e., UE under test.
· A UE should register on the cell, set up an RRC connection with the SS and establish appropriate radio bearers, i.e., both synchronization and RACH procedures need to be completed as part of the test setup.
· Multiple downlink physical channels are required for the connection setup: 
PSS/SSS/PBCH+DM-RS/SSS, PDCCH+DM-RS, PDSCH+DM-RS, CSI-RS/T-RS, PT-RS (only for FR2).
· SS performs activation and deactivation of the conformance test functions in the UE using test mode control (TMC) messages. Beam locking test function might be required to avoid beam management issues during test.
· UE TMC and test loop mode A are based on the protocols above MAC, i.e., PDCP and Layer 3 RRC protocols shall be involved in the tests. The feedback link from DUT to TE does not add additional noise and does not use faders etc.
· A bidirectional radio interface is used, i.e., the signals from SS to UE and from UE to SS can be sent over Uu interface.
· HARQ feedback, when needed, can be provided in UL direction over Uu interface, i.e., over PUCCH.
· The performance requirements for the UE are specified for the reference measurements channels (RMC). In RMC, more than one code block can be present and the number of bits per slot changes from one DL slot to another.
· The requirements are formulated for a given TDD UL-DL slot and frame configuration, i.e., for a particular TDD slot configuration pattern, and data can be also sent in the special slots.
· Synchronization between SS and UE is provided though the Uu interface, i.e. by the reference signals.
Below (Figure 7 and Figure 8), we show connection diagrams for Demodulation Performance and CSI reporting tests from TS 38.508-1, Annex A.
[image: ]
[bookmark: _Ref52898050]Figure 7: Test Equipment connection for Demodulation Performance and CSI reporting tests with antenna configuration 2x2. (Conducted test system, LTE part excluded).
[image: ]
[bookmark: _Ref52898063]Figure 8: DUT (UE) connection for single basic cell (Conducted test system, LTE part excluded).
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Configuration  BS  UE  

Test equipment  Signal  generator/BS tester  System Simulator  

Placing in t est mode  Booting directly,   RRC configuration genie aided.  Test mode control messaged from  SS ,   RRC connected state  achieved by  Sync&RACH pr ocedure before the  test.  

Needed RAN  protocol  layers  L1 /L2  L1 /L2/L3  

Test  c overage  Tested /required   channel   only  Multiple channels and signals   in  addition to tested/required channel  

