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Introduction
The Integrated Access and Backhaul (IAB) for NR WI [1] defines the following objective of Performance part:
	· Define demodulation performance requirements for both backhaul and access links of an IAB-node. [RAN4]



In our contribution [2], we provide an in-depth overview of NR IAB technology, introduced specification changes with a potential impact on IAB-node demodulation performance, and IAB deployment scenarios. It is concluded that the specification changes should not impact the demodulation performance of IAB nodes. However, due to the much more predictable and less dynamic deployment conditions, the IAB-node performance requirements can be simplified.
In this paper, we consider the scope of IAB-node demodulation in UL direction and propose several simplifications in the existing BS performance requirements to address the IAB architecture and deployments.
Integrated Access & Backhaul
The scope of IAB demodulation
As it can be seen in Figure 1, in IAB deployment, there are in total six different link types:
1) Parent backhaul (BH): the BH links between Parent node and IAB-node.
2) Child BH: the BH links between IAB-node and Child node.
3) Access: the links between Access UE and IAB node/IAB donor.
· DL (Downlink) and UL (Uplink) for all the links above.
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[bookmark: _Ref47453389]Figure 1: Different IAB link types.
Both IAB-MT and IAB-DU are the parts of the same device, i.e., BS or IAB-node, deployed by a RAN vendor.
With the introduction of IAB, there are following types of demodulation:
· BS Demod covering UL access channels,
· UE Demod covering DL access channels),
· IAB-node Demod covering UL BH channels,
· IAB-node Demod covering DL BH channels.
UE Demod and BS Demod in IAB context are the same as the “traditional” UE and BS demodulation. Since IAB is transparent for the UEs, UE Demod and BS Demod are not in the real scope of IAB demodulation.
IAB-node Demod for the DL BH channels is discussed in more details in our contribution [3].
[bookmark: _Ref47533806]The IAB-node UL demodulation requirements are very similar to the “traditional” BS demodulation.
[bookmark: _Ref47534087]If found to be required, reuse existing BS demodulation performance requirements for the IAB-nodes as far as possible.
IAB use cases and deployments
The main reasons for IAB deployment are:
· Mitigate dependency on sparse fiber access
· Remediate isolated coverage gaps
· Enhance capacity
· Bridge coverage from outdoor to indoor
Another IAB use case is in enabling group mobility; however, this was excluded from the scope of the Rel-16 IAB WI.
In the case of fixed IAB-nodes considered in Rel. 16, two principal deployments are envisioned:
· Outdoor high site to street site scenario, where IAB-Donors are located on the top of the building, and IAB-nodes are lower, e.g., integrated into the light posts.
· Outdoor street site to street site scenario, when both IAB Donors and IAB nodes are on the same level and are distributed over the streets.
Few additional scenarios for IAB include
· Outdoor to indoor scenario, when an IAB Donor is paced outside of the building, and IAB nodes are inside.
· Indoor scenario, when both IAB donor and IAB nodes are located inside the building.
As it can be observed from the presented IAB scenarios, the deployment conditions of IAB-nodes are different from the traditional RAN scenarios, at least in the following aspects:
· Very deterministic and predictable behaviour of the MT, when compared to UE.
· Principally LOS deployment of BH links.
· Relaxed beam management requirements.
· Reduced need for dynamic resource allocation.
[bookmark: _Ref47533850]The behavior of IAB-node BH links is much more predictable, and BH resource allocation is less dynamic than in traditional RAN scenarios.
[bookmark: _Ref47533852]RAN4 to consider the simplification of BS demodulation requirements to accommodate simplified IAB-node deployment scenarios.
[bookmark: _Ref47545896]RAN4 to consider applicability rules to reduce the number of tests used for IAB-nodes.
Applicability of BS performance requirements for IAB-nodes
BS performance requirements that specify the ability of BS to correctly demodulate signals in various conditions and configurations are specified in 3GPP TS 38.104. The specifications include test parameters and minimum required performance.
BS performance requirements are separated into Conducted (Section 8) and Radiated performance requirements (Section 11).
The scope of BS performance requirements is summarised below:
· Performance requirements for PUSCH
· PUSCH performance with/without transform precoding
· Minimum requirement: achieving 70% of maximum throughput at a given SNR.
· UCI performance multiplexed on PUSCH
· Minimum requirement: CSI BLER should not exceed 0.1% at a given SINR, separately for CSI part 1 and part 2
· PUSCH performance in HST scenario:
· Not applicable for IAB Rel 16.
· Requirements for UL timing adjustment
· The performance requirement of UL timing adjustment is determined by a minimum required throughput for the moving UE at a given SNR
· Optional, not relevant due to the absence of mobility in the NR IAB Rel. 16 BH links.
· Performance requirements for PUCCH
· General minimum requirement:
· DTX to ACK probability: The DTX to ACK probability (i.e., the probability that ACK is detected when nothing was sent) shall not exceed 1% for all PUCCH formats carrying ACK/NACK bits
· Separate requirements for PUCCH formats 0 – 4:
· Minimum requirements for format 0:
· The ACK missed detection (i.e., the probability of not detecting an ACK when an ACK was sent) probability shall not exceed 1% at a given SNR
· Minimum requirements for format 1:
· NACK to ACK requirements: The NACK to ACK probability (i.e., the NACK to ACK detection probability is the probability that an ACK bit is falsely detected when a NACK bit was sent on the particular bit position) shall not exceed 0.1% at a given SNR.
· ACK missed detection requirements: The ACK missed detection probability (i.e., probability of not detecting an ACK when an ACK was sent) shall not exceed 1% at a given SNR.
· Minimum requirements for format 2:
· ACK missed detection requirements: The ACK missed detection probability shall not exceed 1% at a given SNR.
· UCI BLER performance requirements: The UCI block error probability (BLER) (i.e., the probability of incorrectly decoding the UCI information when the UCI information is sent) shall not exceed 1% at the SNR
· Minimum requirements for format 3 and 4:
· UCI BLER performance requirements: The UCI block error probability shall not exceed 1% at a given SNR.
· Performance requirements for multi-slot PUCCH format 1:
· Minimum NACK to ACK requirements: The multi-slot NACK to ACK probability shall not exceed 0.1% at a given SNR.
· Minimum ACK missed detection requirements: The multi-slot ACK missed detection probability shall not exceed 1% at a given SNR.
· Performance requirements for PRACH:
· Minimum requirement on PRACH False alarm probability: The false alarm probability (i.e., the conditional total probability of erroneous detection of the preamble (i.e., erroneous detection from any detector) when input is only noise) shall be less than or equal to 0.1%.
· PRACH detection requirements:
· Time error tolerance: For AWGN and TDLC300-100, a timing estimation error occurs if the estimation error of the timing of the strongest path is larger than the time error tolerance given.
· Minimum requirements for Normal Mode: The probability of detection (i.e., the conditional probability of correct detection of the preamble when the signal is present) shall be equal to or exceed 99% for a given SNR.
· Minimum requirements for high-speed train
· Optional and not applicable for IAB Rel. 16.
Depending on the test, the minimum requirements are formulated:
· for 1 or 2 TX antennas,
· for 2, 4, and 8 RX antennas (conducted), for 1 or 2 demodulation branches (radiated),
· in different propagation conditions and with corresponding Fixed Reference Channels (FRC),
· for 5, 10, 20, 40, 100 (conducted), and 50, 100, 200 (radiated) MHz BW,
· for 15, 30 kHz SCS (conducted), and 60, 120 kHz SCS (radiated).
[bookmark: _Ref47533857]All mandatory BS demodulation performance requirements are also applicable for IAB-nodes.
[bookmark: _Ref47533859]In most BS performance tests, the propagation conditions use TDL channel with rather long delay spread and high Doppler frequency assuming UE mobility.
[bookmark: _Hlk46909154]Reuse BS performance requirements with simplified propagation conditions, e.g., TLDA 30-10 Low, for IAB-nodes.
[bookmark: _Ref47533862]Performance requirements on IAB-node with the different number of RX and TX antennas is excessive in IAB context.
[bookmark: _Ref47533864]Reuse only BS performance requirements with 1 TX and 2 RX antennas for IAB-nodes.
[bookmark: _Ref47612682]If only 2RX antennas are used in the tests, then fixed identity precoder is sufficient.
[bookmark: _Ref47612684]Reuse only requirements for PUSCH with transform precoding disables for IAB-nodes.
[bookmark: _Ref47612685]PUCCH formats are optimized for certain use cases, e.g., formats 0 and 2 – for TDM, formats 1, 3, and 4 for FDM and extreme coverage, formats 3 and 4 require digital BF when FDM is used.
[bookmark: _Ref47612686]RAN4 to consider applicability rule that will limit the PUCCH demodulation requirements of IAB-nodes to two cases chosen by the manufacturer.  
Conclusion
In this discussion paper, the performance requirements for IAB-nodes in the UL direction are discussed. When considering the new IAB architecture and scenarios, it is concluded that the BS requirements can be applied for IAB-nodes as much as possible with some simplifications. Observations and proposals are derived from this discussion are presented as follows.
Observations and proposal based on NR IAB architecture and deployments:
1. The IAB-node UL demodulation requirements are very similar to the “traditional” BS demodulation.
1. If found to be required, reuse existing BS demodulation performance requirements for the IAB-nodes as far as possible.
The behavior of IAB-node BH links is much more predictable, and BH resource allocation is less dynamic than in traditional RAN scenarios.
RAN4 to consider the simplification of BS demodulation requirements to accommodate simplified IAB-node deployment scenarios.
RAN4 to consider applicability rules to reduce the number of tests used for IAB-nodes.

Observations and proposals based on existing BS performance requirements:
All mandatory BS demodulation performance requirements are also applicable for IAB-nodes.
In most BS performance tests, the propagation conditions use TDL channel with rather long delay spread and high Doppler frequency assuming UE mobility.
Reuse BS performance requirements with simplified propagation conditions, e.g., TLDA 30-10 Low, for IAB-nodes.
Performance requirements on IAB-node with the different number of RX and TX antennas is excessive in IAB context.
Reuse only BS performance requirements with 1 TX and 2 RX antennas for IAB-nodes.
If only 2RX antennas are used in the tests, then fixed identity precoder is sufficient.
Reuse only requirements for PUSCH with transform precoding disables for IAB-nodes.
PUCCH formats are optimized for certain use cases, e.g., formats 0 and 2 – for TDM, formats 1, 3, and 4 for FDM and extreme coverage, formats 3 and 4 require digital BF when FDM is used.
RAN4 to consider applicability rule that will limit the PUCCH demodulation requirements of IAB-nodes to two cases chosen by the manufacturer.
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