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1   Introduction
In RAN1#92bis, the following agreements have been made on evaluation methodology for NR IAB [1].

· Defined homogeneous deployment scenario and heterogeneous deployment scenario

· Take large scale parameters for flexible duplex evaluations in 38.802 as the baseline for IAB evaluations.

· For determine the pathloss for links between the IAB node and other IAB nodes/donors, the following alternatives are considered:

· Alt. 1: Determine the pathloss for links between the IAB node and candidate serving IAB nodes/donors based on N (value FFS but <= 5) independent large-scale channel realizations (taking into account LOS/NLOS probability and shadow fading).

· Select the realization that results in the minimum pathloss between the IAB node and the selected serving IAB node/donor.


· Alt. 2: Determine the pathloss for links between the IAB node and candidate serving IAB nodes/donors based on a LoS probability of 1-(1- Prob(R))^N (N>1, N FFS). An additional “bonus” B (value of B is FFS) is added to the pathloss for links between the IAB node and the serving IAB nodes/donors. For the links between non-serving IAB nodes/donors the pathloss is determined based on the non-modified LoS probability and no bonus is applied.

· Continue to discuss until RAN1#93 the value of B, N, and remaining details of topology selection methodology

· Either Alt. 1 or Alt. 2 to be selected in RAN1#93.

· The following performance metrics should be considered in IAB evaluations:
· Area traffic capacity
· Outage for access UEs (details FFS)
· Per-link SNR and Geometry
· Detailed definition of per-link SNR FFS
· Resource utilization (details FFS)
· User plane latency (from the donor to the access UE)
· User perceived throughput (UPT) for bursty traffic: the unfinished bursts should be incorporated in the UPT calculation
This contribution provides our views on evaluation methodology for NR IAB including deployment scenario, channel model, simulation assumptions, and performance metrics. 

2   Deployment scenario
Relaying with integrated access and backhaul is expected to enhance network coverage and throughput with flexibility in deployment. Two deployment scenarios are considered for evaluation of IAB, i.e., homogeneous and heterogeneous IAB scenarios [1]. Remaining details of those IAB scenarios need to be discussed.

· Configuration of RN’s antenna panel and orientation

For heterogeneous deployment scenario, to improve the connection in the backhaul link and access links, two or three antenna panels can be considered in IAB node. The antenna panel orientation can either be in random direction or in planned direction. Some criteria that can be considered for antenna orientation planning include

· Maximize the backhaul link condition 
· Minimize interference 
· Optimize IAB node’s access link coverage

· Configuration of macro layer ISD
Several macro layer ISD values can be used to simulate capacity-limited or coverage-limited scenarios. The minimum RN-RN distance and RN’s dropping radius could be scaled up corresponding to the increased ISD.
Figure 1 REF _Ref513668425 \h 
 shows the distributions of the number of backhaul hops in an IAB network with three values of ISD (i.e., 200 m, 500 m, and 1000 m). The IAB node has two antenna panels. More detailed simulation assumptions can be found in Table 2. It can be observed that for all simulated ISD values, there are chances of 2 backhaul hops. When increasing the ISD to 500m and 1000m, there are chances of 3 backhaul hops. 
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Figure 1. PMF of the number of backhaul hops versus ISD with two panel RN and three RNs per macro cell
Observation 1: In heterogeneous deployment, cases with two backhaul hops can be observed for ISD = 200m, 500m, 1000m. The number of backhaul hops increases as the macro layer ISD increases.

Proposal 1: The remaining issues of IAB deployment scenarios need to be addressed. 

	

	Homogeneous IAB scenario
	Heterogeneous IAB scenario

	RN deployment
	Planned dropping
	Random or planned dropping

	RN’s antenna 


	Three sectors/panels 
	Two sectors/panels and three sectors/panels 

	RN’s sector/panel boresight 
	Planned orientation
	Random or planned orientation

	Macro layer ISD
	200m, 500m


3   Channel model

For the backhaul channel model, it was proposed to reduce the pathloss and to increase LOS probability to capture the benefit of planned deployment for IAB RN. To achieve this, the following alternatives are proposed for down-selection [1]:
· Alt. 1: Determine the pathloss for links between the IAB node and candidate serving IAB nodes/donors based on N (value FFS but <= 5) independent large-scale channel realizations (taking into account LOS/NLOS probability and shadow fading).
· Select the realization that results in the minimum pathloss between the IAB node and the selected serving IAB node/donor.
· Alt. 2: Determine the pathloss for links between the IAB node and candidate serving IAB nodes/donors based on a LoS probability of 1-(1- Prob(R))N (N>1, N FFS). An additional “bonus” B (value of B is FFS) is added to the pathloss for links between the IAB node and the serving IAB nodes/donors. For the links between non-serving IAB nodes/donors the pathloss is determined based on the non-modified LoS probability and no bonus is applied.
Alternative 1 emulates the effect of planned deployment, i.e., try N variations in a planned site location and pick the one with the best channel condition. Other than generating N channel realizations, Alternative 1 does not need to define new path loss and LOS probability models. Alternative 2 applies a direct boost to the backhaul link LOS probability and channel gain. As the values of N and B do not have direct physical reflections, further study/evaluation is needed to define the value of N and B. Considering the limited TU in the IAB SI, we believe that the use of Alternative 1 for performance evaluation would be representative enough.
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Figure 2. CDF of propagation loss between the DNs and RNs versus N realization of virtual channel with Alternative 1
For two-hop relay, Figure 2 shows the propagation loss between the DNs and RNs with Alternative 1. Simulation assumptions can be found in Table 3. There is more improvement to the backhaul link suffering high propagation loss than those suffering low propagation loss, i.e., the pathloss gain is not fixed as summarized in Table 1. Because the links suffering high propagation loss are likely to be realized with NLOS path and/or high shadow fading, and those links are likely to benefit from selecting the best channel among N virtual channel realizations as the value of N grows.

Table 1. Improvement on propagation loss with respect to N
	
	Improvement of propagation loss compared to N=1

	
	N=3 
	N=5


	90th percentile


	2 dB 
	4 dB

	50th percentile
	5 dB
	7 dB

	5th percentile
	9 dB
	13 dB


Observation 2: Increasing the number of large-scale realization N from 1 to 5 with Alternative 1 leverages the pathloss gain added to the backhaul link and the effect of applying Alternative 1 to backhaul channel realizations appears to be different from low to high pathloss environments. 
Proposal 2: In NR IAB simulation, use Alternative 1 for path loss and LOS probability generation in the backhaul link. 
4   Simulation assumptions and performance metrics
To facilitate cross comparison  among simulation results, simulation assumptions need to be clarified. On number of hops, to see the impact of number of hops on performance, it is beneficial to indicate the number of hops used in the simulation. As different RSRP offset used in cell association would impact performance, the RSRP offset used in the simulation would be clarified. 
On network topology formation, one approach is to start from all parent nodes and associate the RNs one by one. For example, assuming that L DNs and M RNs would be deployed in the network with RSRP based association and the backhaul link large scale channel generation following Alternative 1 in Section 3, the network topology generation procedure can be as follows:
· Step 0: Deploy a serving node set A with L DNs and an unassociated node set B with M RNs in the network area. 
· Step 1: Calculate the RSRP values of size |A|×|B|×N between the node in A and the node in B for N channel realizations.
· Step 2: Sort RSRP(l, m, n) and pick (l*, m*, n*) = argmax{RSRP(l, m, n)}. 
· Step 3: Associate nodes l* and m*. The associated and non-associated channels between the node m* and the nodes in the set A are determined using n*-th channel realization.
· Step 4: Add node m* into set A and remove node m* from set B.
· Step 5: Repeat Steps 1-4 until all RNs are associated (i.e., until the set B is empty).
|∙| and RSRP(l, m, n) denote the cardinality of a set and the (l, m, n)-th element of the RSRP matrix, respectively. On cell association at Step 2, besides RSRP of the immediate backhaul link, the backhaul load (e.g., reflected by the number of IAB nodes served by the backhaul) and number of hops throughout the multiple hops in a path could be considered.  
Figure 3 shows the distribution of the number of backhaul hops based on the network topology generation above for ISD = 500m. More detailed simulation assumptions can be found in Table 2. It can be observed that the described network topology formation scheme is effective in forming multi hop relay network. With more RN deployed in the network,  the probability of a RN associate with another RN increases. It is also observed  that varying the number of large-scale realization N from 1 to 5 has not much impact on the distribution of the number of backhaul hops.
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(a) One RN per macro cell
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(b) Three RNs per macro cell


Figure 3. PMF of the number of backhaul hops versus the number of large-scale realizations N of Alternative 1 in Section 3 with two panel RN
Observation 3: Varying the number of N from 1 to 5 with Alternative 1 does not have much impact on the distribution of the number of backhaul hops. 

Proposal 3: Use the following steps in generating IAB network.

· Step 0: Deploy a serving node set A with L DNs and an unassociated node set B with M RNs in the network area. 
· Step 1: Calculate the RSRP values of size |A|×|B|×N between the node in A and the node in B for N channel realizations.
· Step 2: Sort RSRP(l, m, n) and pick (l*, m*, n*) = argmax{RSRP(l, m, n)}. 
· Step 3: Associate nodes l* and m*. The associated and non-associated channels between the node m* and the nodes in the set A are determined using n*-th channel realization.
· Step 4: Add node m* into set A and remove node m* from set B.
· Step 5: Repeat Steps 1-4 until all RNs are associated (i.e., until the set B is empty).
Proposal 4: IAB node association could be based on RSRP of the immediate backhaul link and the backhaul load and number of hops throughout the multiple backhaul hops.
On performance metrics, user perceived throughput (UPT) and resource utilization (RU) can be used for FTP traffics. For NR IAB evaluation, the served bits of an unfinished packet could be taken into consideration for the UPT calculation [1]. In our view, the impact of consideration of the unfinished packet into the UPT calculation might be gradually reduced because the more UPT statistics are obtained from the finished packets as the simulation time elapses. The RU calculation shall consider the hop-based resource utilization to provide a better understanding of each hop from the DN to the UE, and differentiate statistics between the backhaul and access links to evaluate the potential changes of pathloss and LOS probability to the backhaul link in Section 3. In addition, outage probability could be evaluated from the percentage of users having below a certain UPT performance such as the 5th percentile of UPT. 
Proposal 5: The following performance metrics are used for FTP traffics in IAB evaluation.
· Per-hop based resource utilization in the backhaul link and access link.
· E2E UPT considering the finished packets and E2E packet delivery time through relaying [3]. 
5   Conclusion
In this contribution, we discussed deployment scenario, channel model, simulation assumptions, and performance metrics required for IAB evaluation. It is summarized by the following proposals. 
Observation 1: In heterogeneous deployment, cases with two backhaul hops can be observed for ISD = 200m, 500m, 1000m. The number of backhaul hops increases as the macro layer ISD increases.

Observation 2: Increasing the number of large-scale realization N from 1 to 5 with Alternative 1 leverages the pathloss gain added to the backhaul link and the effect of applying Alternative 1 to backhaul channel realizations appears to be different from low to high pathloss environments. 

Observation 3: Varying the number of N from 1 to 5 with Alternative 1 does not have much impact on the distribution of the number of backhaul hops. 
Proposal 1: The remaining issues of IAB deployment scenarios need to be addressed. 

	

	Homogeneous IAB scenario
	Heterogeneous IAB scenario

	RN deployment
	Planned dropping
	Random or planned dropping

	RN’s antenna 


	Three sectors/panels 
	Two sectors/panels and three sectors/panels 

	RN’s sector/panel boresight 
	Planned orientation
	Random or planned orientation

	Macro layer ISD
	200m, 500m


Proposal 2: In NR IAB simulation, use Alternative 1 for path loss and LOS probability generation in the backhaul link. 
Proposal 3: Use the following steps in generating IAB network.

· Step 0: Deploy a serving node set A with L DNs and an unassociated node set B with M RNs in the network area. 
· Step 1: Calculate the RSRP values of size |A|×|B|×N between the node in A and the node in B for N channel realizations.
· Step 2: Sort RSRP(l, m, n) and pick (l*, m*, n*) = argmax{RSRP(l, m, n)}. 
· Step 3: Associate nodes l* and m*. The associated and non-associated channels between the node m* and the nodes in the set A are determined using n*-th channel realization.
· Step 4: Add node m* into set A and remove node m* from set B.
· Step 5: Repeat Steps 1-4 until all RNs are associated (i.e., until the set B is empty).
Proposal 4: IAB node association could be based on RSRP of the immediate backhaul link and the backhaul load and number of hops throughout the multiple backhaul hops.
Proposal 5: The following performance metrics are used for FTP traffics in IAB evaluation.
· Per-hop resource utilization in the backhaul link and access link.

· E2E UPT considering the finished packets and E2E packet delivery time through relaying [3]. 
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Appendix
Table 2. System level simulation parameters
	Layout 
	Dense urban [2]

	Macro layer ISD
	200 m, 500 m, and 1000 m

	Number of macro TRPs
	1

	Number of micro RNs
	1 and 3

	Number of UEs per Macro cell
	30

	Antenna configuration
	Macro: (4, 8, 2, 2, 2)

Micro: (2, 4, 2, 1, 2)

	Maximum Tx power 
	Macro: 43 dBm

Micro: 33 dBm

	Noise figure
	Micro: 7 dB

	Carrier frequency
	30 GHz 

	Number of hops
	Unconstrained


Table 3. System level simulation parameters
	Layout 
	Dense urban [2]

	Macro layer ISD
	500 m

	Number of macro TRPs
	7

	Number of micro RNs
	1 and 3

	Number of UEs per Macro cell
	30

	Antenna configuration
	Macro: (4, 8, 2, 2, 2)

Micro: (2, 4, 2, 1, 2)

	Carrier frequency
	30 GHz 

	Number of hops
	Constrained to two hop relay
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