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1 Introduction

During RAN4#97-e, progress was made on determining demodulation requirements for the IAB-DU. It was agreed that a single set of combined requirements should be derived covering both access and backhaul operation. No new requirements will be introduced in addition to existing UL demodulation requirements taken from the BS specifications, which means that the remaining task for the IAB-DU is to identify which BS requirements should be taken into the core specification and whether the applicability rules for the conformance specification should be changed.
It was further agreed that the IAB-DU specification should be based on the release 15 BS specification.
2 Discussion
2.1 Demodulation requirements 

Many aspects relating to PUSCH, PUCCH and PRACH requirements were agreed at RAN4#97. Remaining issues focus on the scope for the core requirements and the test applicability rules. In this section, open issues in relation to the core requirements are considered.
PUSCH channel models:
During RAN4#97, it was proposed to skip requirements in the TDLB100-400 Low and TDLC300-100 Low channels for FR1 and TDLA30-300 for FR2. These channels represent slightly larger Doppler shift and/or spread than the other channel models defined for demodulation. 

For the conditions expected for the backhaul link, skipping these channels is justified because the backhaul link will be static, stable and most likely LoS. For the access link on the other hand, UEs may be in cell edge, non-LoS channel conditions and may be moving with respect to the IAB. There is no reason to believe that Doppler spread will be substantially lower than for UEs connected to gNB, and the UE speeds associated with the Doppler shifts for these channels (in the order of a few km/h) are reasonable.
The IAB-DU requirements must cover both access and backhaul links. Considering the access link, we do not see a justification to skip requirements for the Rel-15 channel models.

Proposal 1: Adopt all release 15 propagation channels into the IAB requirements.
Carrier aggregation

A DU can support both multi-carrier (i.e. reception on more than one carrier and more than one UE) and carrier aggregation (i.e. reception on more than one carrier from the same UE). There are no explicit demodulation requirements for multi-carrier operation; the requirements are applicable to each carrier and are tested on one carrier. For CA, the same approach is applied to requirements (i.e. applicable individually to each carrier, tested on a single channel) as is the case for multi-carrier. However, for CA, unlike for multi-carrier, a note is added to the specification to state that requirements are defined per carrier.
For the IAB-DU, it is possible to operate multi-carrier and/or carrier aggregation for the access link. Since the note is present in the gNB specifications for the CA case, we believe it should be present in the IAB specification so that it is clear that CA is applicable for the access link.

It should be noted that addition of the text about CA does not impact the scope of core requirements or tests needed in any way.

Proposal 2: Include notes on carrier aggregation.
PUSCH configurations

For the PUSCH, it is open whether to include QPSK and 16QAM requirements and DFT-s-OFDM precoding. For the backhaul link, these requirements are not very relevant since the backhaul link is expected to experience high SNR. However, there is no reason to believe that the access link would be less likely than a gNB to serve UEs with lower SNR or in coverage limitation, and we believe that there is not a justification why the requirements would be applicable for a gNB but not for an IAB-DU. As is the case for a BS, support for DFT-s-OFDM should be declared and the requirements of course do not need to be met if an IAB node does not support DFT-s-OFDM.
Proposal 3: Include requirements for QPSK, 16QAM and DFT-s-OFDM (and declaration of support).

PUCCH configurations

At RAN4#97-e, the need for including PUCCH multi-slot requirements was kept open. Similar to PUSCH, for the access link there is no clear reason why the scope of link conditions to UEs that may be supported would differ from a gNB. PUCCH multi-slot should be included in the IAB-DU requirements set so that IAB-DU complies to the requirements if it is declared to support multi-slot PUCCH.
Proposal 4: Include multi-slot PUCCH requirements (and declaration of support)

PRACH configurations

For PRACH, it was proposed to consider whether to reduce the number of formats for which requirements are defined and also the set of channel conditions. With a similar justification to PUSCH, for the access link there is no reason to believe that the potential set of conditions for IAB-DU to UE link would differ from the BS to gNB link, which implies that the same set of channel conditions can be expected and the design choices on which PRACH format to select would be the same. We thus do not see a justification not to copy all of the PRACH requirements.
Proposal 5: Copy all PRACH requirements (and declaration of support)

2.2 Test applicability for IAB-DU

The gNB conformance specification lists test applicability rules. An IAB needs to be tested for both DU and MT operation, which implies longer test time. We note in other contributions though [1] that the set of tests for IAB-MT will only be a fraction of the full set of UE tests.
In general, since an IAB-DU will act like a gNB, relaxation of the testing coverage is not justifiable. However, it is worth to review the gNB applicability rules to check for cases where the test coverage may be somewhat over dimensioned and could be reduced.

The test applicability rules are reviewed in the following:

· Test both lowest and highest number of supported connectors: It was already agreed to test only with the lowest number of supported connectors. This agreement implies that the number of tests for an IAB-DU with more than two connectors will be reduced by 50% compared to a gNB.

· Test PUSCH with all sub-carrier spacings declared to be supported. In general, this rule should be retained as it is, since it is difficult to justify reducing the test coverage for all SCS in an IAB-DU. To reduce test time, in case more than one SCS is supported then the testing could be reduced to one SCS per modulation order. This step would halve the number of tests for the IAB-DU where 2 SCS are supported. Both SCS are tested and all modulation orders are tested, and in our view the test scope remains justifiable.
Proposal 6: If 2 SCS are supported, test QPSK with highest SCS and other modulation orders with the lowest SCS. (If one SCS supported, test all modulation orders with the same SCS).

· Test 30% throughput only with lowest SCS: This rule should be kept; it is not justifiable to reduce test coverage further compared to the gNB in this case.

· Test PUSCH with highest supported CBW: This rule should be kept

· Test PUSCH with declared mapping type, and only one mapping type if both declared: This rule should be kept

· Test PUSCH for one TDD pattern: This rule should be kept

· Test each PUCCH format declared to be supported: This rule should be kept. 

· Test PUCCH for each sub-carrier spacing. Similar to PUSCH, if more than one PUCCH format and more than one SCS is supported then it may be sufficient to test each PUCCH format with only one SCS. In case only one PUCCH format is supported then it should be tested with all SCS.

Proposal 7: If more than one PUCCH format and more than one SCS are supported, test each PUCCH format with one SCS only and ensure that all SCS are tested with at least one PUCCH format. If one PUCCH format and more than one SCS are supported, test the PUCCH format with both SCS.

Proposal 7 will reduce PUCCH testing by 50% for BS supporting more than one PUCCH and more than one SCS.

· Test PUCCH with the widest supported bandwidth. This rule should be kept.

· Test PUCCH format 3 and 4 with one DM-RS configuration. This rule should be kept.

· Test multi-slot PUCCH if support declared. This rule should be kept.
· Test PRACH formats for each supported format with smallest SCS and one bandwidth. This rule should be kept.

By only testing with one number of connectors and applying proposals 6 and 7, the number of PUSCH and PUCCH tests can be reduced by up to 75% and the number of PRACH tests by up to 50% compared to a gNB whilst keeping an acceptable test scope. The reduction will not apply for IAB that only have 2 connectors and only support a single SCS, but in this case the amount of testing will be low anyhow.
3 Conclusion

This document has discussed the need for IAB-DU demodulation requirements and the test applicability rules. Since the IAB-DU provides an access link towards UEs, in general there is no reason to believe that the same set of requirements, including requirements for which support is declared should not be applicable. The access link may experience the same range of SNR and channel conditions as a gNB to UE link.
Examination of the test applicability rules suggest that testing of only one number of connectors together with proposals 6 and 7 can mitigate test load. Since both IAB-DU and IAB-MT will be tested, adoption of these proposals may be pragmatic.

Proposal 1: Adopt all release 15 propagation channels into the IAB requirements.
Proposal 2: Include notes on carrier aggregation.
Proposal 3: Include requirements for QPSK, 16QAM and DFT-s-OFDM (and declaration of support).

Proposal 4: Include multi-slot PUCCH requirements (and declaration of support)

Proposal 5: Copy all PRACH requirements (and declaration of support)

Proposal 6: If 2 SCS are supported, test QPSK with highest SCS and other modulation orders with the lowest SCS. (If one SCS supported, test all modulation orders with the same SCS).

Proposal 7: If more than one PUCCH format and more than one SCS are supported, test each PUCCH format with one SCS only and ensure that all SCS are tested with at least one PUCCH format. If one PUCCH format and more than one SCS are supported, test the PUCCH format with both SCS.
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