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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 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 DL direction and propose an approach how to formulate requirements and test parameters that match the IAB architecture and deployment scenarios.
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.

[image: ]
[bookmark: _Ref47453389]Figure 1: Different IAB link types.
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.
We see the IAB-node Demod in UL to be very similar to the “traditional” BS demodulation. IAB-node demodulation requirements are discussed in more detail in our paper [3].
[bookmark: _Ref47724203]Both IAB-MT and IAB-DU are essentially the parts of the same device, i.e., BS or IAB-node, deployed by a RAN vendor.
[bookmark: _Ref47724204]RAN4 to consider IAB-node demodulation requirements for DL BH channels in a similar way to the BS demodulation requirement specifications.
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 behavior of the MT, when compared to UE.
· Principally LOS deployment of BH links.
· Relaxed beam management.
· Reduced need for dynamic resource allocation.
[bookmark: _Ref47533850]The behavior of IAB-node BH links is much more predictable and less dynamic than in traditional RAN scenarios.
[bookmark: _Ref47533852][bookmark: _Ref47724229] RAN 4 to consider a simplification of the demodulation performance requirements for BH DL channels to address IAB-node deployment scenarios.
As it was agreed in the WF on IAB-MT class descriptions at the RAN4 #95 meeting [4], the IAB class definition is based on the minimal information. Two IAB-MT classes are defined:
· Wide Area IAB-MT nodes are characterised by requirements derived from Macro Cell and Micro Cell scenarios where the path loss is higher but stable.
· Local Area IAB-MT nodes are characterised by requirements derived from Pico Cell and Micro Cell scenarios where the path loss is lower but more variable
[bookmark: _Ref47724231]Wide area and local Area IAB-nodes can have different use-cases and deployment environments.
[bookmark: _Ref47724235]If found to be needed, consider differentiating demodulation requirements for DL BH channels between wide area and local area IAB-nodes.
Applicability of UE demodulation performance requirements to IAB-nodes
The UE performance requirements that specify the ability of UE to correctly demodulate signals in various conditions and configurations are specified in TS 38.101-4. The specifications include test parameters and minimum required performance.
UE demodulation performance requirements are separated into Conducted (Section 5), Radiated (Section 7), and Demodulation requirements for interworking (Section 9).
The scope of UE demodulation requirements is summarized below:
· PDSCH demodulation requirements:
· Requirements are for PDSCH mapping Type A or B
· PDSCH mapping Type A test are also present with
· CSI-RS overlapped with PDSCH
· LTE_NR coexistence
· Test purpose:
· Verify the PDSCH normal performance with different channel models, MCSs and number of MIMO layers
· Verify the PDSCH HARQ soft combining performance.
· Verify the PDSCH performance requirements for.
· Minimum requirements: achieving 70% of maximum throughput at a given SNR.
· PDCCH demodulation requirements
· Requirements are for 1 and 2 Tx antennas
· Minimum performance requirement: The average probability of a missed downlink scheduling grant shall be below 1% for a given SNR.
· PBCH demodulation requirements
· Minimum performance requirement: the average probability of a miss-detected PBCH (Pm-bch) shall be below 1% for a given SNR.
· Sustained downlink data rate (SDR) provided by lower layers
· The purpose of the test is to verify that the Layer 1 and Layer 2 correctly process in a sustained manner the received packets corresponding to the maximum data rate indicated by UE capabilities.
· Performance metric: The SDR shall be verified in terms of the success rate of delivered PDCP SDU(s) by Layer 2. The TB success rate shall be higher than 85% when PDSCH is scheduled with MCS defined for the selected CA bandwidth combination.
[bookmark: _Ref47724237]Existing UE demodulation test parameters cover several physical channels at the same time and are too broad for the dedicated scope of NR IAB.
[bookmark: _Ref47724238]Define IAB-nodes demodulation performance requirements and test parameters specifically for each of physical channels (PDSCH, PDCCH, PBCH), covering only normal performance conditions, i.e. excluding CSI-RS overlaps of LTE coexistence, enhanced receiver types and sustained downlink data rate.
[bookmark: _Ref47724242]According to the WI description, IAB-nodes should support EN-DC mode with EPC. UE demodulation requirements for interworking in EN-DC case describe only E-UTRA Cell setup parameters, whereas actual demodulation performance requirements for NR are specified in the corresponding conducted and radiated sections.
[bookmark: _Ref47724243]If interworking demodulation requirements are decided to be required by RAN4, reuse existing E-UTRA cell setup parameters with new simplified IAB-node demodulation performance requirements.
Current UE demodulation performance requirements are formulated for a large variety of different cases:
· 2 and 4 RX antennas
· 1 and 2 TX antennas
· FDD and TDD mode of operation
· In different propagation conditions with different corresponding reference channels
· Different BWs and SCSs
· Rank 1 and Rank 2
[bookmark: _Ref47724245]UE performance requirements have an explicit split between TDD and FDD demodulation performance requirements. Up to our best knowledge, given similar test parameters, the difference in the performance between TDD and FDD is negligible.
[bookmark: _Ref47724246]RAN4 not to introduce separate sets of parameters and demodulation requirements for FDD and TDD in physical DL channels of IAB-nodes.
[bookmark: _Ref47724248]PDSCH mapping type A is designed for basic scheduling operation taking place using full slot granularity. The split between the access and BH links is done primarily on the slot basis.
[bookmark: _Ref47724249]RAN4 to consider using only PDSCH type A in the IAB-node performance requirements.
[bookmark: _Ref47533859]In most UE performance tests, the propagation conditions use TDL channel with rather long delay spread and high Doppler frequency assuming UE mobility.
[bookmark: _Ref47724254]Apply IAB-node demodulation performance requirements for DL channels in simplified propagation conditions, e.g., using TLDA 30-10 Low.
[bookmark: _Ref47724255]Due to the low dynamics of IAB BH links, it is sufficient to perform tests with ideal HARQ feedback.
[bookmark: _Ref47724257]RAN4 to consider using an error-free slide link for HARQ feedback for IAB-node demodulation performance tests, similar to BS demodulation. Consequently, not to use HARQ ACK/NACK bundling. 
[bookmark: _Ref47724259]UE demodulation performance requirements are formulated for 2, and 4 RX antennas. We see it sufficient to have only 2 RX antenna tests for IAB nodes.
[bookmark: _Ref47724262]RAN4 to consider only 2RX antennas demodulation performance requirements for the DL channels of IAB-nodes. Use only fixed precoder in the tests.
IAB-node demodulation parameters for DL channels
In this section, as an example, we provide a tentative set of parameters that can be used in PDSCH conducted performance requirements for IAB-nodes in DL BH channels.
In the parameters below, we are assuming that PDSCH performance can be tested without any strong assumption on the other physical channels, such as PDCCH, CSI-RS or PBCH. Therefore, corresponding parameters are not present in Table 1 and Table 2. The example is provided only for FR1 with 15 kHz SCS. Since only one physical channel is proposed to be tested at one time, there is no need to define the TCI state.
[bookmark: _Ref47713485]Table 1: PDSCH test parameters
	Parameter
	Unit
	Value

	PDSCH transmission scheme
	
	Transmission scheme 1

	Carrier configuration
	Offset between Point A and the lowest usable subcarrier on this carrier (Note 2)
	RBs
	0

	
	Subcarrier spacing
	kHz
	15 or 30

	DL BWP configuration #1
	Cyclic prefix
	
	Normal

	
	RB offset
	RBs
	0

	
	Number of contiguous PRB
	PRBs
	Maximum transmission bandwidth configuration as specified in clause 5.3.2 of TS 38.101-1 [6] for tested channel bandwidth and subcarrier spacing

	Cross carrier scheduling
	
	Not configured

	PDSCH DMRS configuration
	Antenna ports indexes
	
	{1000} for Rank 1 tests
{1000, 1001} for Rank 2 tests

	
	Position of the first DMRS for PDSCH mapping type A
	
	2

	
	Number of PDSCH DMRS CDM group(s) without data
	
	1


	
	DMRS Type
	
	Type 1

	
	Number of additional DMRS
	
	1

	
	Maximum number of OFDM symbols for DL front loaded DMRS
	
	1

	PT-RS configuration
	
	PT-RS is not configured

	Maximum number of code block groups for ACK/NACK feedback
	
	1

	Maximum number of HARQ transmission
	
	4

	Redundancy version coding sequence
	
	{0,2,3,1}

	PDSCH & PDSCH DMRS Precoding configuration
	
	Fixed precoder

	Symbols for all unused Res
	
	OCNG

	Duplex mode
	
	TDD

	Active DL BWP index
	
	1

	PDSCH configuration
	Mapping type
	
	Type A

	
	k0
	
	0

	
	Starting symbol (S) 
	
	2

	
	Length (L)
	
	Specific to each Reference channel

	
	PDSCH aggregation factor
	
	1

	
	PRB bundling type
	
	Static

	
	PRB bundling size
	
	2

	
	Resource allocation type
	
	Type 0

	
	RBG size
	
	Config2

	
	VRB-to-PRB mapping type
	
	Non-interleaved

	
	VRB-to-PRB mapping interleaver bundle size
	
	N/A

	Number of HARQ Processes
	
	8



[bookmark: _Ref47713487]Table 2: TDD UL-DL configuration for SCS 15 kHz.
	Parameter
	Unit
	UL-DL pattern

	
	
	FR1.15-1

	TDD Slot Configuration pattern (Note 1)
	
	DDDSU

	Special Slot Configuration (Note 2)
	
	10D+2G+2U

	referenceSubcarrierSpacing
	kHz
	15

	pattern1
	dl-UL-TransmissionPeriodicity
	ms
	5

	
	nrofDownlinkSlots
	
	3

	
	nrofDownlinkSymbols
	
	10

	
	nrofUplinkSlot
	
	1

	
	nrofUplinkSymbols
	
	2

	Note 1:	D denotes a slot with all DL symbols; S denotes a slot with a mix of DL, UL and guard symbols; U denotes a slot with all UL symbols. The field is for information.
Note 2:	D, G, U denote DL, guard, and UL symbols, respectively. The field is for information.




[bookmark: _Ref47724264]RAN4 to adopt IAB-node demodulation performance test parameter for PDSCH from Tables 1 and Table 2 and consider similar parametrization for the other PDSCH tests and for the other DL physical channels (PDCCH and PBCH).
Conclusion
In this discussion paper, the performance requirements for IAB-nodes in the DL direction are discussed. When considering the new IAB architecture and scenarios, it is proposed to simplify and reduce the scope of demodulation performance tests in comparison to exiting UE requirements. All observations and proposals derived from this discussion are presented as follows.
Observations and proposal based on NR IAB architecture and deployments:
1. Both IAB-MT and IAB-DU are essentially the parts of the same device, i.e., BS or IAB-node, deployed by a RAN vendor.
1. RAN4 to consider IAB-node demodulation requirements for DL BH channels in a similar way to the BS demodulation requirement specifications.
The behavior of IAB-node BH links is much more predictable and less dynamic than in traditional RAN scenarios.
RAN 4 to consider a simplification of the demodulation performance requirements for BH DL channels to address IAB-node deployment scenarios.
Wide area and local Area IAB-nodes can have different use-cases and deployment environments.
If found to be needed, consider differentiating demodulation requirements for DL BH channels between wide area and local area IAB-nodes.

Observations and proposals based on existing UE performance requirements:
Existing UE demodulation test parameters cover several physical channels at the same time and are too broad for the dedicated scope of NR IAB.
Define IAB-nodes demodulation performance requirements and test parameters specifically for each of physical channels (PDSCH, PDCCH, PBCH), covering only normal performance conditions, i.e. excluding CSI-RS overlaps of LTE coexistence, enhanced receiver types and sustained downlink data rate.
According to the WI description, IAB-nodes should support EN-DC mode with EPC. UE demodulation requirements for interworking in EN-DC case describe only E-UTRA Cell setup parameters, whereas actual demodulation performance requirements for NR are specified in the corresponding conducted and radiated sections.
If interworking demodulation requirements are decided to be required by RAN4, reuse existing E-UTRA cell setup parameters with new simplified IAB-node demodulation performance requirements.
UE performance requirements have an explicit split between TDD and FDD demodulation performance requirements. Up to our best knowledge, given similar test parameters, the difference in the performance between TDD and FDD is negligible.
RAN4 not to introduce separate sets of parameters and demodulation requirements for FDD and TDD in physical DL channels of IAB-nodes.
PDSCH mapping type A is designed for basic scheduling operation taking place using full slot granularity. The split between the access and BH links is done primarily on the slot basis.
RAN4 to consider using only PDSCH type A in the IAB-node performance requirements.
In most UE performance tests, the propagation conditions use TDL channel with rather long delay spread and high Doppler frequency assuming UE mobility.
Apply IAB-node demodulation performance requirements for DL channels in simplified propagation conditions, e.g., using TLDA 30-10 Low.
Due to the low dynamics of IAB BH links, it is sufficient to perform tests with ideal HARQ feedback.
RAN4 to consider using an error-free slide link for HARQ feedback for IAB-node demodulation performance tests, similar to BS demodulation. Consequently, not to use HARQ ACK/NACK bundling.
UE demodulation performance requirements are formulated for 2, and 4 RX antennas. We see it sufficient to have only 2 RX antenna tests for IAB nodes.
RAN4 to consider only 2RX antennas demodulation performance requirements for the DL channels of IAB-nodes. Use only fixed precoder in the tests.

Proposal of new test parameters:
RAN4 to adopt IAB-node demodulation performance test parameter for PDSCH from Tables 1 and Table 2 and consider similar parametrization for the other PDSCH tests and for the other DL physical channels (PDCCH and PBCH).
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