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1   Introduction
In RAN1#93, NR IAB deployment scenario and backhaul link channel model are agreed, and following agreements have been made. [1], [3]
· The following performance metrics should be considered in IAB evaluations:

· Area traffic capacity

· Geometry

· Per-link Geometry per hop level

· Min(Geometry) of all links for a given UE route (access and one or more backhaul links) between a donor and UE

· Resource utilization

· Average RU over nodes per hop level for access traffic is reported

· Average RU over nodes per hop level for backhaul traffic is reported  

· 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

· UEs in outage (which is defined as when UEs with traffic to be served but no packets have been delivered to higher layers by the end of the simulation) are included in the CDF for UPT.

· System level evaluation assumptions for integrated access and backhaul is summarized in Table A.1.1-1 in [3].
This contribution provides our views on evaluation methodology for NR IAB including topology construction procedure and node association rule. UPT performance evaluations are demonstrated. 
2   Simulation Assumptions 
To facilitate cross comparison among simulation results, network topology formation procedures need to be clarified as a simulation assumption. 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 are deployed in the network, the topology generation procedure based on immediate RSRP value can be as follows [4]:

· 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 1 and 2 show backhaul link evaluation results using the network topology generation method stated above for ISD = 500m. More detailed simulation assumptions can be found in Table A-1. 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, and the backhaul link quality also improves. For n-hop backhaul links, the links quality is calculates as the harmonic mean of the RSRP values.
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Figure 1. CDF of backhaul RSRP values
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Figure 2. PMF of the number of backhaul hops
Observation 1: In heterogeneous deployment (dense urban), the number of backhaul hops increases as the number of RNs per macro TRP increases. The overall backhaul link quality improves as the number of RNs per macro TRP increases. 

Proposal 1: 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 metric values Q of size |A|×|B|×N between the node in A and the node in B for N channel realizations.
· Step 2: Sort Q(l, m, n) and pick (l*, m*, n*) = argmax{Q(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).
On IAB node association, the metric value Q could be the minimum of RSRP measurements of backhaul links in a multi-hop scenario, or it could be the harmonic mean of the RSRP values, in addition to the RSRP of the immediate backhaul link. It could also be based on other factors, e.g., the backhaul traffic load information, and the number of hops, etc. Similarly, on UE node association, it could be based on a general backhaul link metrics, including functions of backhaul RSRPs, number of hops, and traffic load condition, in addition to the RSRP measurement from RN’s SSB.  
Proposal 2: IAB node association could be based on RSRP of the immediate backhaul link, functions of RSRP values of multi-hop backhaul links, the backhaul load, and number of hops. 
From discussions during the last meeting, we noticed that companies have different implementation regarding the usage of multi-panels. Some company assumes that backhaul and access for a serving UE should be served through a same panel while other companies assumes that backhaul and access can use different panels for a serving UE, both under half-duplex constraint. These different assumptions lead to performance differences. It is therefore needed to clarify whether a multi-panel IAB node can transmit and receive access and backhaul links using difference antenna panels should be clarified. In Figure 3, we illustrate options with and without multi-panel restriction on IAB nodes. An IAB node with the restriction can only relay the access link from/to a UE using the same antenna panel.
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Figure 3. Illustration of multi-panel restriction on access and backhaul links assuming 3-panel IAB nodes
Figure 4 and 5 compare the backhaul link quality with and without the restriction that a multi-panel IAB must transmit and receive access and backhaul links on the same panel. It is the observed that the same-panel restriction reduces the backhaul link quality and increase the number of backhaul hops.  
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Figure 4. CDF of backhaul RSRP values with 9 RNs per macro TPR
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Figure 5. PMF of the number of backhaul hops with 9 RNs per macro TPR
Observation 2: If the backhaul and access link are restricted to the same panel, the backhaul link quality is worse than those without the restriction. The number of backhaul hops are also higher with the restriction. 
Proposal 3: IAB node should not be restricted to use one panel/sector to transmit and receive access and backhaul links.
3   Performance Evaluation
In this section, we provide some preliminary system level simulation results in dense urban (heterogeneous) scenario with 3 macro TRPs (1 site) and 3 micro TPRs (IAB nodes) per macro cell, and TDM is assumed between access and backhaul links. In the simulation, we always assume 1-hop backhaul link, so there are 2 hops in total for an end-to-end connection between a macro TRP and a UE. Detailed simulation assumptions can be found in Table A-2.

Figure 6 demonstrates the UPT comparison for packet size = 0.1 and 0.5MB assuming ISD=200m, and in both simulation the packet arrival rate is the same as λ=2. For smaller packet size (0.1MB), the system is lightly loaded and 90% UEs can achieve over 500Mbps UPT for both UL and DL. A 0.1MB packet can be transmitted in a single slot (0.25ms), therefore the maximum end-to-end UPT is 0.8MB / (2*0.25ms) = 1.6Gbps. A 0.5MB packet needs at least 4 slots (1ms) to be transmitted over a single hop in the simulation, therefore the maximum end-to-end UPT for 0.5MB is 4MB / (2*1ms) = 2Gbps. Although the peak UPT value and 50-percentile UPT values are all higher than 0.1MB case, the UPT variance among UEs is large and there are high percentage of UEs in low UPT region. It can be observed that for 0.5MB packet size, over 10% cell-edge UEs experienced outage within the simulation time of 2 seconds.    
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Figure 6. UPT performance vs. packet size
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Figure 7. UPT performance vs. ISD
In Figure 7, we compares the UPT results for ISD=200m and ISD=500m assuming 0.1MB packet size. The solid lines are UPT results with 3 IAB nodes per macro cell, and the dashed line are the results with no IAB relay. The minimum end-to-end delay for a packet is one slot for cells without IAB and two slots for those with IAB nodes. Therefore the peak UPT value is doubled in no IAB cells compared to those has 3 IAB nodes. However, IAB node shows much better UPT performance for cell-edge UEs (5-percentile) than those without IAB, as demonstrated in the following table. If the ISD is increased to 500m, end-to-end UPT is higher with IAB node relaying for over 85% UEs.

Table 3‑1. 5-percentile end-to-end UPT comparison for systems with and without IAB nodes

	
	5-percentile DL UPT
	5-percentile UL UPT

	3 IAB nodes
	606.02 Mbps
	204.24 Mbps

	No IAB nodes
	33.51 Mbps
	7.56 Mbps


4   Conclusion
In this contribution, we discussed topology construction procedure and node association rule for NR IAB evaluation methodology. It is summarized by the following proposals. 
Observation 1: In heterogeneous deployment (dense urban), the number of backhaul hops increases as the number of RNs per macro TRP increases. The overall backhaul link quality improves as the number of RNs per macro TRP increases. 

Observation 2: If the backhaul and access link are restricted to the same panel, the backhaul link quality is worse than those without the restriction. The number of backhaul hops are also higher with the restriction. 
Proposal 1: 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 metric values Q of size |A|×|B|×N between the node in A and the node in B for N channel realizations.
· Step 2: Sort Q(l, m, n) and pick (l*, m*, n*) = argmax{Q(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 2: IAB node association could be based on RSRP of the immediate backhaul link, functions of RSRP values of multi-hop backhaul links, the backhaul load, and number of hops.
Proposal 3: IAB node should not be restricted to use one panel/sector to transmit and receive access and backhaul links.
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A. Appendix
Table A‑1 System level evaluation assumptions for topology formation

	Parameters
	Values

	Layout
	Heterogeneous scenario (dense urban)

	ISD
	200, 500m

	Carrier frequency
	30GHz

	Number of macro TRPs
	21 (7 sites)

	Number of micro RNs
	1, 3, 6, 9 RNs per macro TRP 

	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
	Macro: 7 dB; Micro: 7 dB

	Number of hops
	Unconstrained


Table A‑2 System level evaluation assumptions for UPT evaluation

	Parameters
	Values

	Layout
	Heterogeneous scenario (dense urban)

	ISD
	200, 500m

	Carrier frequency
	30GHz

	Subcarrier spacing
	60kHz

	System bandwidth
	800MHz (DL + UL)

	Duplex mode
	TDD

	Access and backhaul links multiplex scheme
	TDM

	Number of macro TRPs
	3 (1 sites)

	Number of micro RNs
	3 RNs per macro TRP, random drop 

	Number of UE
	30 UEs per macro TRP, all outdoor UEs

	Antenna height
	Macro: 25m; Micro: 10m; UE: 1.5m;

	Antenna configuration
	Macro: (4, 8, 2, 2, 2); Micro: (2, 4, 2, 1, 2); UE: (2, 4, 2, 1, 2);

	Maximum Tx power 
	Macro: 43 dBm; Micro: 33 dBm; UE: 23 dBm

	Noise figure
	Macro: 7 dB; Micro: 7 dB; UE: 11 dB

	Traffic model
	FTP model 3 with packet size 0.1, and 0.5 MB

	Packet arrival rate
	2 packets per seconds

	Number of hops
	2 (single backhaul hop)
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