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1 Introduction

In this paper, the channel model and system level evaluation methodology in IAB are discussed. And preliminary system performance evaluation results are presented in the companion contribution [1]. 
2 Channel model and evaluation methodology considerations on IAB 
2.1 Channel model 
There are three types of communication nodes in IAB system, Donor TRP, relay node (RN) and UE. Accordingly, there exists four types of communication link,

· Donor-to-RN
· Donor-to-UE

· RN-to-RN 

· RN-to-UE

So far the channel model defined in TR.38.900 and TR 36.873 is applicable only to Donor-to-UE or RN-to-UE links. However, the channel model between two TRPs has been already discussed in 38.802[2] for flexible duplex as listed in Table 1. In IAB, we can reuse these agreed channel models for evaluation. 

Two additional aspects have to be considered for the large-scale channel parameters of backhaul links similar to LTE relay, so as to capture the benefits of the planned RN deployment, despite that most channel parameters can follow the existing models,
· An additional “bonus” value should be added in the path loss calculation
As for the value determination, the methodology similar to LTE relay can be followed: comparing the RN geometry curves with different “bonus” values and select the one matching the SINR gain due to RN site planning.
· The LoS probability should be increased to  Prob(R)’ = 1-(1- Prob(R))^N (N>1)
The bigger the N, the higher the LoS probability.
Table 1 Parameters for channel modeling

	Parameters
	Dense urban
	Urban macro
	Indoor hotspot

	Large-scale channel parameters(*)
	Below 6GHz:

- Macro-to-UE: 3D UMa

- Micro-to-UE: 3D UMi

- Macro-to-Macro: 3D UMa (h_UE=25m)

- Macro-to-Micro: 3D UMa (h_UE=10m)

- Micro-to-Micro: 3D UMi (h_UE=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 (h_UE=25m) 

- Macro-to-Micro: 5GCM UMa (h_UE=10m)

- Micro-to-Micro: UMi-Street canyon (h_UE=10m) 

- UE-to-UE: UMi-Street canyon (h_BS=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 (h_UE=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 (h_UE=3m)

- UE-to-UE: 5GCM Indoor-office (h_BS=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 (h_UE=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 (h_UE=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 (h_UE=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 (h_UE=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 (h_UE=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 (h_UE=3m), ASA and ZSA statistics(**) updated to be the same as ASD and ZSD

- UE-to-UE: 5GCM Indoor-office (h_BS=1.5m), ASD and ZSD statistics updated to be the same as ASA and ZSA

	LOS probability
	(Prob(R)’ = 1-(1- Prob(R))^N ), where the N≥1 is FSS.

	(*):
The assumption is used as starting point for IAB 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*d_in” 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.


Proposal 1: The TRP-to-TRP channel model defined in flexible duplex can be reused for backhaul link
Proposal 2: For backhaul link, an additional “bonus” value should be added in the path loss calculation, and the LoS probability is increased to Prob(R)’ = 1-(1- Prob(R))^N  (N>1, N is FFS)

2.2 Evaluation methodology consideration 
2.2.1 RN deployment

We suggest reusing the micro TRP deployment method (option 1) in 38.802 in UDN scenario, as illustrated in Figure 1 with the key points as follows:  

· Randomly and uniformly drop the RNs in the network, the number of RN per sector is FFS.
· 2/3 UEs are randomly and uniformly dropped within the RN clusters with a radius of R and consider the minimum distance between RN (DRN)
· 1/3 UEs are randomly and uniformly dropped outside of the RN clusters   
Proposal 3: Reuse the micro TRP’s deployment method (option 1) in UDN scenario for RN deployment
2.2.2 RN attachment

The single hop based attachment method in LTE relay in which RN selects the best donor TRP as its access point is not applicable. To enable multi-hop and/or redundant connectivity, the candidate access points for one RN can be donor TRP or other RNs, and the selected access RN shall already get access to its father TRP/RN. 
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Fig.1 Clustering-based RN deployment method
2.2.3 RN Antenna configuration
For RN, it communicates with its “father” node (i.e., Donor or RN) and also the UEs and/or its “son” node Therefore, a multi-array based antenna structure with quasi-omnidirectional coverage in Figure 6, is suggested to be used in the evaluation considering the random and uniform UE distribution. More detailed evaluation assumption for donor and RN’s antenna configuration is listed in the appendix Table A-1.
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Fig.2 RN antenna structure

Proposal 4: Multiple antenna array structure at RN is suggested for evaluation.
2.2.4 Performance metrics
At least the following performance metrics should be considered in IAB evaluation:
·  Area traffic capacity

The area traffic capacity is the total traffic throughput served per geographic area (in Mbit/s/m2). The throughput is the number of correctly received bits, i.e. the number of bits contained in the SDUs delivered to Layer 3, over a certain period of time.
· Outage
The outage probability is applied for both full buffer and burst traffic, and defined as the percentage of users that has zero throughput.
· User plane latency 
Here the user plane latency refers to the delay from Donor/UE to UE/Donor, taking the intermediate RNs into account.
· User perceived throughput (UPT) for burst traffic 

UPT is defined as the size of successfully delivered burst divided by the time between the arrival of the first packet of the burst at source node, and the reception of the last packet of the burst at destination node. Usually the UPT CDF calculation doesn’t include the unfinished packet. If following such method, the UPT performance in IAB scenario probably becomes degraded compare to no-relay case considering the fact that

· UE outage performance with the introduction of RNs will be significantly improved especially in mmWave scenario, which is also shown in the system evaluation [1]. The resource utilization (RU) with better outage performance will be probably increased since more UE can be served, while the UPT for high RU is worsen. If comparing the UPT to no-relay case with lower RU, the UPT performance will become worsen due to the introduction of relay, which is not true obviously. 

Therefore, we suggest incorporating the unfinished packet in the UPT CDF calculation, which also includes the packets with zero served bits. Actually such calculation method is also used in the LAA evaluation [3]. With such method, the benefits of RN deployment can be better reflected in the UPT performance, and also the UPT comparison for different RN number deployment makes sense even though their RUs are different.
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Proposal 5: The following performance metrics should be considered in IAB evaluation
· Area traffic capacity

· Outage

· User plane latency

· User perceived throughput (UPT) for burst traffic: the unfinished bursts should be incorporated in the UPT calculation
3 Conclusions
In this contribution, we discuss the channel model and system evaluation methodologies. Based on the above discussion, the following proposals are made:

Proposal 1: The TRP-to-TRP channel model defined in flexible duplex can be reused for backhaul link

Proposal 2: For backhaul link, an additional “bonus” value should be added in the path loss calculation, and the LoS probability is increased to Prob(R)’ = 1-(1- Prob(R))^N  (N>1, N is FFS)

Proposal 3: Reuse the micro TRP’s deployment method (option 1) in UDN scenario for RN deployment
Proposal 4: Multiple antenna array structure at RN is suggested for evaluation.
Proposal 5: The following performance metrics should be considered in IAB evaluation
· Area traffic capacity

· Outage

· User plane latency

· User perceived throughput (UPT) for burst traffic: the unfinished bursts should be incorporated in the UPT calculation
References

[1] R1-1800289,  Evaluation on the dynamic and flexible resource allocation in IAB, Huawei 

[2] TR 38,802, Study on New Radio Access Technology

[3] TR 36.889, Study on Licensed-Assisted Access to Unlicensed Spectrum 
Appendix
 System-level evaluation assumption
Table 1: Evaluation scenarios for IAB

	Attribution 
	Assumption

	Network Layout
	Hexagonal cellular network with multi-hop relaying

	Number of TRPs
	19 macro TRPs and 57*Nr rTRPs where Nr is the number of rTRPs per sector. The value of Nr is FFS.

	Deployment of RN
	Reference to 2.1.1

	RN attachment
	Reference to 2.2.2

	UE distribution
	Reference to 2.1.1

	Carrier Frequency 
	In-band backhaul: 

· 4GHz backhaul and access

· 30GHz backhaul and access

· 70GHz backhaul and access

	Routing mechanism
	Routing algorithms are needed on multiple-hop/multiple-connection scenario.

	Traffic model
	Full buffer and FTP model 3 with packet size 0.5Mbytes.

	Performance metrics
	Reference to 2.2.4


Table 2: Antenna configuration for IAB
	Attribution 
	Assumption

	gNB height
	25 m

	RN height
	10 m

	UE height
	3D distributing [38.913]

	TRP Tx power
	Below 6GHz: 44 dBm for dense urban case, 49 dBm for urban macro and rural cases

Above 6GHz: 40 dBm for dense urban case, 43 dBm for urban macro case, and 49 dBm for rural case. 

PA scaled down with simulation BW when simulation BW is lower than the system BW.

	RN Tx power
	33 dBm scaled down with simulation BW when simulation BW is lower than the system BW.

	UE Tx power
	Below 6GHz: 23dBm
30GHz: 23dBm

70GHz: 21dBm

	TRP antenna configuration
	4GHz:

- (M,N,P,Mg,Ng) = (4,8,2,1,1). 
30GHz:

- (M,N,P,Mg,Ng) = (4,8,2,2,2),  (dH, dV) = (0.5, 0.5)λ,  (dg,H,dg,V) = (4.0, 2.0)λ

70GHz:

-(M,N,P,Mg,Ng) = (8,16,2,2,2), (dH, dV) = (0.5, 0.5)λ,  (dg,H,dg,V) = (8.0, 4.0)λ

	RN antenna configuration for each side/sector
	4GHz:

- (M,N,P,Mg,Ng) = (4,8,2,1,1). 
30GHz:

- (M,N,P,Mg,Ng) = (4,8,2,2,2),  (dH, dV) = (0.5, 0.5)λ,  (dg,H,dg,V) = (4.0, 2.0)λ

70GHz:

-(M,N,P,Mg,Ng) = (8,16,2,2,2) ,  (dH, dV) = (0.5, 0.5)λ,  (dg,H,dg,V) = (8.0, 4.0)λ

	UE antenna configuration
	4GHz:

- (M,N,P,Mg,Ng) = (2,1,2,1,1). 
30/70GHz:

-(M,N,P,Mg,Ng) = (2,4,2,1,2) ,  (dH, dV) = (0.5, 0.5)λ,  (dg,H,dg,V) = (0, 0)λ,  Θmg,ng=90,   Ω0,0 uniformly distributed in [0, 360] degrees,  Ω0,1=Ω0,0+180

	RN antenna pattern
	See Table A.2.1-6 of TR 38.802

	UE antenna pattern
	See Table A.2.1-8 of TR 38.802
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