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Introduction
NR-IAB (Integrated Access and Backhaul) is a new NR study item that is led by RAN2 and aims to enable NR backhaul link operation. There are already several agreements and proposals, by different working groups, and for various aspects of NR-IAB, where Section 2 provides a summary of the most important ones. 
In our companion contribution [1], we presented our view on the fundamental aspects of the physical and MAC layer design of NR-IAB. This contribution discusses simulation scenarios and evaluation methodology that can be used to study NR-IAB. 

NR IAB agreements
SA1 [2] has initially defined various requirements for self-backhauling, including flexible resource partitioning between access and backhaul, and support of multi-hop wireless self-backhauling among. 
[2] proposed a WF on NR IAB in RAN1-86, concluding:
	· Mechanisms for joint operation of backhaul link and access link should be studied by NR, including
· Study dynamic resource allocation among backhaul and access links, including TDM and FDM and SDM approaches under half-duplex constraint 
· Study multi-hop backhauling and multi-site connectivity in backhauling 
· Mechanism for integration of new TRPs/RNs carrying integrated backhaul and access functionalities
· Mechanisms for discovery and management of backhaul links for the connected TRP/relay nodes (if supported) with integrated backhaul and access links
· Other aspects/functionalities such as forward compatibility to study full duplex operation on backhaul and/or access links are FFS
· RAN1 should strive for a common mobility handling and beam management framework for mobile TRP/relay nodes (if supported) carrying joint operation of backhaul and access functionalities and the usual UEs



More recently, RAN2-NR-AH1801[4] achieved the following agreements: 
· The Rel.15 study item focuses on IAB with physically fixed relays. Optimization for mobile relays in future releases is not precluded.
· NR access over NR backhaul is studied with highest priority
· In-band IAB scenarios including (TDM/FDM/SDM) of access and backhaul links subject to half-duplex constraint at the IAB node are supported (This agreement does not exclude full duplex from being studied by RAN1)


Discussion
A typical IAB network is demonstrated in Figure 1.
[image: ]
[bookmark: _Ref510622356]Figure 1: an example of IAB network

With reference to the above figure, we use the following terminologies in this document:
· IAB-donor: A RAN-node that provides UE’s interface to core network and wireless backhauling functionality to IAB-nodes.
· IAB-node: A RAN-node that provides IAB functionality, i.e. access for UEs combined with wireless self-backhauling capabilities.
· ANF: access node function, e.g. gNB or gNB-DU with a MAC scheduler, which schedules the UEs and other IAB-nodes under its control. 
· The UEs and other IAB-nodes that are under control of an IAB-node are called its child nodes. 
· UEF: UE function, i.e. the IAB-node acts as a UE which is controlled and scheduled by the IAB-donor or another IAB-node.
· The donor or another IAB-node who controls and schedules the IAB-node is called its parent node.

Based on the agreements and proposals, summarized in Section 2, some key aspects of NR-IAB that should be addressed in the evaluations are:
· Multi-hop NR-IAB network, where some IAB-nodes have more than one hop to the IAB-donor
· Fixed IAB deployment
· Half-duplex constraint 
· In-band IAB deployment and dynamic resource sharing between access and backhaul 

As discussed in [1], there are differences between access and backhaul at both link-level and system-level. At the link-level, an IAB-node may have different (and more capable) components than the typical UEs; e.g. IAB-node may have larger antenna arrays, more TX power, better power amplifiers (PA), etc. As a result, the backhaul links may typically be more symmetrical than the access links (where there is a gNB at one end, and a UE (with limited capabilities) at the other end). Also, the backhaul wireless channel is expected to have different characteristics than the typical access links; e.g. no or limited mobility, or more favourable characteristics (like higher line of sight (LOS) probability, lower pathloss, less severe scattering). At the system-level, IAB network is also different from access network. The IAB network is mostly static and consists of a limited (and usually fixed) number of IAB-nodes, unlike the access network that is generally very dynamic with many UEs moving throughout the network.
Our NR-IAB evaluation should take these differences into account – more specifically the different channel characteristics of the BH links. IAB-nodes’ locations are different from typical UEs (e.g. higher elevation) and as a result, the scattering profile is different. Moreover, IAB-nodes in many cases may benefit from proper site planning, so that more favourable BH channel conditions (e.g. LOS alignment) can be achieved. 
Therefore, to have an accurate system evaluation, we would ideally need to investigate new backhaul channel models (especially at higher frequency bands), that are based on real-world measurements or well-studied analytical models. This does not seem feasible due to the very limited time units (TU) allocated for NR-IAB SI. Consequently, we should resort to available (3GPP) models for access and backhaul links and apply minimal required modifications to address the NR-IAB key aspects. 

Proposal 1: RAN1 should reuse the available channel models and evaluation methods, along with minimal required modifications, to study NR-IAB.

In our view, performing simulations and evaluations may seek two general purposes:
· showing the benefits of NR-IAB – e.g. in terms of coverage extension, and capacity enhancement, etc.
· making design decisions – e.g. by comparing the performance of competing alternative designs. 

Although it is essentially important to prove the utility and benefits of NR-IAB during the study item, identifying the key design aspects that may need further evaluations is of a greater importance, given the limited allocated TUs.

Proposal 2: for NR-IAB evaluations, RAN1 should identify the aspects of the design that need further study and prioritize these aspects for evaluations and discussions. 

Backhaul channel model 
38.802 [5] provides an evaluation methodology to study flexible duplexing, in which it is proposed how to generate large-scale and small-scale parameters for the channels between cells. We should use the proposed model (see Appendix) to generate the channel between IAB-nodes. 

Proposal 3: RAN1 should follow the evaluation methodology for flexible duplexing (Table A.2.1-11 of 38.802) to generate the channel between IAB-nodes. 

As discussed above, BH links in NR-IAB may benefit from proper site planning. We can model this by giving “bonus” to a planned BH link between an IAB-node and its parent. Different alternatives were proposed for LTE-A relay evaluation 36.814 [6]. For NR-IAB evaluation, we can adopt one such alternative (see Appendix) to calculate “bonus”. This can simply be modelled as increasing the probability of LOS by a factor of N, and reducing the NLOS (non-LOS) pathloss by a factor of B (see table below).
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	No site planning
	Correction after site planning

	Path Loss
(for distance R)
	For LOS: PLLOS(R)
For NLOS: PLNLOS(R)

	For LOS: PLLOS(R)
For NLOS: PLNLOS(R)-B

	LOS probability
(for distance R)
	Prob(R)
	1-(1- Prob(R))^N



[6] suggested N=3 and B=5 dB for LTE-A relay evaluation. For NR-IAB, we should further study what values of N and B to adopt. 
We notice B should be ideally a function of N. By investigating the proposed formula for LOS probability, we further notice that it captures the statistics of the best of N independent trials to model the effective LOS probability. Hence, B should ideally be based on the same statistics, but this will not be analytically tractable. Instead we may choose B=10log10(N). This model indeed corresponds to the mean of N independent trials, and is consistent with [6] where N=3 and B=5dB. We also note that that the NLOS pathloss with bonus should not be smaller than the LOS pathloss, hence B = min(10log10(N),PLNLOS(R)-PLLOS(R)) can be considered. 

Proposal 4: RAN1 should consider giving “bonus” to the planned IAB-links (i.e. the BH links between IAB-nodes and their parent IAB-nodes) based on Table 1 and using parameters B and N.
· B depends on N such that B = min(10log10(N), PLNLOS(R)-PLLOS(R))
· FFS a set of values for N (e.g. N=0, 3, infinity)

One should notice that the bonus (if any) should only be given to the BH links between IAB-nodes and their parents and not to the interfering pairs of IAB-nodes. Also, the bonus can be considered, only when the IAB topology is given. In other words, when the inter-connections between IAB-nodes are not established or their ANF and UEF roles are not assigned (e.g. for the studies involving topology creation and managements), no bonus can be given to the BH links in advance. 

Observation 1: The bonus (if any) should be given
· only to a BH link between an IAB-node and its parent, and not to the interfering IAB-nodes
· only when the IAB topology is pre-determined (i.e. it may not be applicable for studies involving topology creation and managements)

Simulation scenarios
It is important to agree on common simulation scenarios that can be used for evaluating and comparing alternative designs. Since in practice NR-IAB may be deployed in various scenarios and for different purposes, we should ideally have a framework to cover all such scenarios and purposes. However, this should not lead to having multiple separate scenarios – so we can better utilize the available TUs. Therefore, a common simulation scenario that can be used for different studies is ideal.
There could be different proposals for simulation scenarios:
· Homogenous hexagonal drop (like Urban macro drop [5])
· Comprising 19 (or fewer) TRPs placed on a hexagonal grid
· Heterogenous hexagonal drop (like Dense urban drop [5])
· Comprising two layers of TRPs: (i) 19 (or fewer) macro TRPs placed on a hexagonal grid, and (ii) a number (e.g. 3, 6, or 9) of micro TRPs [randomly] dropped per each macro TRP
· Urban grid (like eV2X Urban grid [5])
· Comprising several TRPs placed on a rectangular grid

There are issues with each of these scenarios for NR-IAB evaluation:
· Homogenous hexagonal drop can only generate scenarios that are mostly single-hop or 2-hop, and hence cannot be used to properly evaluate designs and implications of multi-hop NR-IAB.
· Heterogenous hexagonal drop, in its current form, also suffers from limited hop count. That is, if we assume each macro TRP (on the hexagonal layer) is an IAB-donor, then most of the micro TRPs will be in the coverage a macro TRP (subject to their orientations), and we will end up with mostly a single-hop deployment. The other issue is that the current model for micro TRPs is based on a single-sector deployment, which makes them unsuitable to support both BH links and access links. 
· Urban grid can generate a very practically relevant IAB scenario, but there is no 3GPP reference channel model (especially large-scale parameters like pathloss or LOS probability) for higher frequency bands. Therefore, it will need more time to discuss and study the proper channel model.
In our view, Heterogenous hexagonal drop can provide a common framework, sufficient to study different aspects of NR-IAB. However, we need to consider the following simple modifications to the current model (also see Figure 2):
1. Increase the inter-site distance (ISD) of the TRPs on the hexagonal grid
a. Without enhancing the configuration of these TRPs (e.g. with the same maximum TX power, and hence keeping their radio coverage unchanged), this will create regions that are outside of TRPs’ coverage. Multi-hop NR-IAB via micro TRPs can be used to provide service to these regions. 
b. The number of micro TRPs and UEs per TRP should be increased by the ISD.
2. Each micro TRP has a 3-sector deployment
a. Each 3-sector micro TRP should be randomly oriented 
3. Allow modifying the configuration (i.e. height, max TX power, number of antenna elements) of the macro TRPs 
a. This can be used to create a homogenous deployment, by choosing similar configurations for both layers of TRPs
With these modifications, we can create both homogenous and heterogenous IAB deployments with different number of hops.




[bookmark: _Ref510795336]Figure 2: a modified dense urban drop for NR-IAB evaluation

Proposal 5: For NR-IAB system evaluation, RAN1 should use the dense urban drop [5] with the following considerations/modifications: 
a. Each TRP on the hexagonal grid is an IAB-donor
b. Size of the hexagonal grid is reduced to 7 sites
c. ISD of TRPs on the hexagonal grid is increased by a factor of X (FFS: X)
d. Number of micro TRPs (M1) and UEs (M2) per IAB-donor may be increased by ISD (FFS: M1 and M2)
e. Each micro-TRP has a 3-sector deployment, and is randomly oriented
f. Configuration of the TRPs on the hexagonal grid may be flexibly selected, in terms of max TX power, height, or number of antenna elements (FFS: details)

Conclusion
In this contribution, we discussed simulation scenarios and evaluation methodology that can be used to study NR-IAB, and made the following observations and proposals:

Proposal 1: RAN1 should reuse the available channel models and evaluation methods, along with minimal required modifications, to study NR-IAB.

Proposal 2: for NR-IAB evaluations, RAN1 should identify the aspects of the design that need further study and prioritize these aspects for evaluations and discussions. 

Proposal 3: RAN1 should follow the evaluation methodology for flexible duplexing (Table A.2.1-11 of 38.802) to generate the channel between IAB-nodes. 

Proposal 4: RAN1 should consider giving “bonus” to the planned IAB-links (i.e. the BH links between IAB-nodes and their parent IAB-nodes) based on Table 1 and using parameters B and N.
· B depends on N such that B = min(10log10(N), PLNLOS(R)-PLLOS(R))
· FFS a set of values for N (e.g. N=0, 3, infinity)

Observation 1: The bonus (if any) should be given
· only to a BH link between an IAB-node and its parent, and not to the interfering IAB-nodes
· only when the IAB topology is pre-determined (i.e. it may not be applicable for studies involving topology creation and managements)

Proposal 5: For NR-IAB system evaluation, RAN1 should use the dense urban drop [5] with the following considerations/modifications: 
a. Each TRP on the hexagonal grid is an IAB-donor
b. Size of the hexagonal grid is reduced to 7 sites
c. ISD of TRPs on the hexagonal grid is increased by a factor of X (FFS: X)
d. Number of micro TRPs (M1) and UEs (M2) per IAB-donor may be increased by ISD (FFS: M1 and M2)
e. Each micro-TRP has a 3-sector deployment, and is randomly oriented
f. Configuration of the TRPs on the hexagonal grid may be flexibly selected, in terms of max TX power, height, or number of antenna elements (FFS: details)
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Appendix

Table A.2.1-11: Evaluation parameters specific to flexible duplex [5]
	[bookmark: _Hlk508800634]Parameters
	Dense urban
	Urban macro
	Indoor hotspot

	Inter-BS distance
	Macro-to-macro: 200m
Macro-to-micro: 105m [TR36.897]
Micro-to-micro: 57.9m
	500m
	20m

	Minimum BS-UE (2D) distance
	Macro-to-UE: 35m [TR36.897]
Micro-to-UE: 10m [TR36.897]
	35m [TR36.897]
	0m [TR 38.901 [15]]

	Minimum UE-UE (2D) distance
	3m [TR36.843]

	Carrier frequency
	Macro layer: 4 GHz, 30 GHz [TR38.913]
Micro layer: 4 GHz, 30 GHz
	2GHz [TR38.913], 4 GHz, 30 GHz
	4 GHz, 30 GHz

	
	For 30GHz: Un-paired spectrum is preferred.
For 2GHz: paired spectrum is preferred.
For 4GHz: both paired and un-paired spectrum can be considered.

	Aggregated system 
bandwidth
	4GHz: Up to 200MHz (DL+UL) 
30GHz: Up to1GHz (DL+UL)
	2GHz: Up to 40 MHz (DL+UL)
4GHz: Up to 200 MHz (DL+UL)
30GHz: Up to 1GHz (DL+UL)
	4GHz: Up to 200MHz (DL+UL)
30GHz: Up to 1GHz (DL+UL)

	Simulation bandwidth
	20MHz per CC below 6GHz and 80 MHz per CC above 6GHz 
Note: For FDD, simulation BW is split equally between UL and DL
Note: UE TX power scaling will impact final results

	Large-scale channel parameters(*)
	Below 6GHz:
- Macro-to-UE: 3D UMa
- Micro-to-UE: 3D UMi
- Macro-to-Macro: 3D UMa (hUE =25m)
- Macro-to-Micro: 3D UMa (hUE =10m)
- Micro-to-Micro: 3D UMi (hUE =10m)
- UE-to-UE: A.2.1.2 in TR36.843(***), penetration loss between UEs follows Table A.2.1-13
Above 6GHz:
- Macro-to-UE: 5GCM UMa
- Micro-to-UE: UMi-Street canyon
- Macro-to-Macro: 5GCM UMa (hUE =25m) 
- Macro-to-Micro: 5GCM UMa (hUE =10m)
- Micro-to-Micro: UMi-Street canyon (hUE =10m) 
- UE-to-UE: UMi-Street canyon (hBS =1.5m ~ 22.5m), penetration loss between UEs follows Table A.2.1-12
	Below 6GHz:
- TRP-to-UE: ITU InH 
- TRP-to-TRP: ITU InH (hUE =3m)
- UE-to-UE: A.2.1.2 in TR36.843 (***)
Above 6GHz:
- TRP-to-UE: 5GCM Indoor-office
- TRP-to-TRP: 5GCM Indoor-office (hUE =3m)
- UE-to-UE: 5GCM Indoor-office (hBS =1.5m)

	Fast fading parameters(*)
	Below 6GHz:
- Macro-to-UE: 3D UMa
- Micro-to-UE: 3D UMi
- Macro to Macro: 3D UMa O-to-O (hUE =25m); ASA and ZSA statistics(**) updated to be the same as ASD and ZSD; ZoD offset = 0
- Macro to Micro: 3D UMa O-to-O
- Micro to Micro: 3D UMi O-to-O (hUE =10m); ASA and ZSA statistics updated to be the same as ASD and ZSD; ZoD offset = 0
- UE to UE: InH for indoor to indoor, and 3D UMi for other cases. ASD and ZSD statistics updated to be the same as ASA and ZSA. Dual mobility support. 
Above 6GHz:
- Macro-to-UE: 5GCM UMa
- Micro-to-UE: UMi-Street canyon
- Macro to macro: 5GCM UMa O-to-O (hUE =25m); ASA and ZSA statistics updated to be the same as ASD and ZSD; ZoD offset = 0
- Macro to micro: 5GCM UMa O-to-O
- Micro to Micro: UMi-Street canyon O-to-O (hUE =10m); ASA and ZSA statistics updated to be the same as ASD and ZSD; ZoD offset = 0
- UE to UE: UMi-Street canyon; ASD and ZSD statistics updated to be the same as ASA and ZSA. Dual mobility support. 
	Below 6GHz:
- TRP-to-UE: ITU InH 
- TRP-to-TRP: ITU InH (hUE =3m), ASA statistics updated to be the same as ASD
- UE-to-UE: A.2.1.2 in TR36.843 (ITU InH), ASD statistics updated to be the same as ASA.
Above 6GHz:
- TRP-to-UE: 5GCM Indoor-office
- TRP-to-TRP: 5GCM Indoor-office (hUE =3m), ASA and ZSA statistics(**) updated to be the same as ASD and ZSD
- UE-to-UE: 5GCM Indoor-office (hBS =1.5m), ASD and ZSD statistics updated to be the same as ASA and ZSA

	Traffic model
	Baseline: 
-	FTP traffic model 3 with packet size 0.1, 0.5 and 2.0Mbytes 
-	Ratio of DL/UL traffic = {2:1}, {4:1} and {1: 1} for optional [TR36.828]

	UE distribution
	For FTP traffic model 3: 2/3 users randomly and uniformly dropped within the clusters, 1/3 users randomly and uniformly dropped throughout the macro geographical area, and 60 users per macro geographical area
	For FTP traffic model 3: 10 users per macro TRP
	For FTP traffic model 3: 10 users per TRP

	Delay assumption
	Companies to report the delay assumption used for coordination schemes if used in the simulations (delay assumption depends on RAN3 architecture discussion)

	(*):	The assumption is used as starting point for flexible duplex evaluation, and further update might be made.
(**):	Statistics of ASA/ASD and ZSA/ZSD include its mean, standard variance, correlation distance in the horizontal plane, and in-cluster angular spread (e.g., cluster ASA/ASD).
(***):	For outdoor to indoor case, and indoor to indoor case, use “Remaining Layout Options” in A.2.1.2 of TR36.843 for pathloss calculation, and “ITU-R IMT UMi” for LOS Probability derivation. For outdoor to indoor case, the penetration loss term “20.0+0.5* din” is excluded in pathloss formula given in A.2.1.2 of TR36.843, and the penetration loss is derived according to Table A.2.1-13.













Table A.2.1.1.4-2. Corrections of site planning (alternative 1) [6]
	
	No site planning
	Correction after site planning

	Macro-relay Path Loss
	For LOS: PLLOS(R)
For NLOS: PLNLOS(R)

	For LOS: PLLOS(R)
For NLOS: PLNLOS(R)-B
Where B=5dB, for donor macro (from each of its sectors) to relay, otherwise, for non-donor cell and non optimized deployment B=0dB.

	Macro-relay LOS probability
	Prob(R)
	1-(1- Prob(R))^N
Where N=3, for donor macro (from each of its sectors) to relay, otherwise, for non-donor cell and non optimized deployment N=1.
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