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Introduction
In this contribution, we consider the performance evaluation methodology and important KPIs for IAB.  
The following terminology is used in this paper:
IAB tree: The IAB donor node and the IAB node(s) and UEs that are managed by that IAB donor node are in the same IAB tree
IAB chain: IAB nodes that connect the IAB donor node to a certain UE are in the same IAB chain. 
Higher/lower-level IAB node: for IAB nodes in the same IAB chain, the IAB node having fewer number of hops to the IAB donor node is considered as the higher-level IAB node land vice versa. 
[bookmark: _Ref178064866]Evaluation Methodology
Multi-hop deployment
SA1 has established service requirements for wireless self-backhauling [1] which indicates:
•	The 5G network shall support multi-hop wireless self-backhauling.
[bookmark: _GoBack]◦	NOTE 1: This is to enable flexible extension of range and coverage area.
Considering the densified access points (i.e., the IAB-Ns) for mmWave transmission, one advantage of having a multi-hop deployment is to reduce the CAPEX by reducing the number of fiber-connected nodes. In addition, the multi-hop deployment raises more issues which are not noticed or not being problematic in the single-hop case, for example, the interconnection of resource multiplexing and coordination, the aggregated traffic load at the backhaul links closer to the IAB-DN, and the delay aggregating along the hops, etc. Therefore, it is necessary to involve the multi-hop consideration from the early phase of the IAB SI.  
[bookmark: _Toc509906311][bookmark: _Toc509913408][bookmark: _Toc509929374][bookmark: _Toc509993954][bookmark: _Toc510094953][bookmark: _Toc510625144][bookmark: _Toc510684750][bookmark: _Toc510702060][bookmark: _Toc510775046]The IAB simulation scenario should capture the multi-hop feature of the backhaul links. 
Resource separation for baseline performance
Regarding the access and backhaul links as well as the respective UL and DL, there can be several resource multiplexing options in time, frequency and space. Several options together with the corresponding cross-link interference situations have been discussed in [2]. To obtain the baseline performance of an IAB system, those cross-link interferences should be largely avoided by applying simplified resource separation. Generally, two resource separation schemes should be considered assuming the same antenna system is shared by the access and backhaul links at a certain node.
Access/Backhaul separation 
In the first option, the available resources, which are divided into two non-overlapping sets, are assigned to access and backhaul links, respectively. As shown in Figure 1, the separated resource sets are illustrated in different colors along the radio links. Note that Figure 1 does not discuss how the resources within the set are partitioned into DL and UL in different radio links. A more detailed example is shown in Figure 2.
[image: ]
[bookmark: _Ref509847584]Figure 1: Semi-static resource separation for access and backhaul links.
In the example of Figure 2, time resource is divided into two sets, t1 and t2. Each set is further divided into two parts for transmitting and receiving at different nodes. Here the IAB-N (including IAB-DN) operates in half-duplex mode, i.e., the node does not transmit and receive simultaneously. 
For the 1st set of time resource (i.e., t1) only the backhaul links are active. At the first subpart t1(1), IAB-DN, IAB-N2 and IAB-N4 are transmitting while IAB-N1 and IAB-N3 are receiving. At the second subpart t1(2), IAB-N1 and IAB-N3 are transmitting while IAB-DN, IAB-N2 and IAB-N4 are receiving.
For the 2nd set of time resource (i.e., t2) only the access links are active. At the first subpart t2(1), all IAB-Ns (including IAB-DN) are transmitting while at the second subpart t2(2) all IAB-Ns (including IAB-DN) are receiving. 
[image: ]
[bookmark: _Ref510621796]Figure 2: Example of time-domain separation between access and backhaul links.
Node-based separation 
In the second option, the resource separation is between the successive IAB-Ns. As shown in Figure 3, the separated resource sets are illustrated in different colors along the radio links. In this option, the higher-level IAB-N (including IAB-DN) treats its attached UE(s) and the directly connected lower-level IAB-N(s) (i.e., the IAB-N located in the downstream of a IAB chain) in a similar way. Each IAB-N at different levels of the IAB chain alternates in performing the roles of “base station” and “UE” within different resource sets. The IAB-DN only performs the role of a base station, and only becomes active within the assigned resource set.
[bookmark: _Ref510537891][image: ]
[bookmark: _Ref510621240]Figure 3: Semi-static resource separation between successive IAB-Ns or IAB-DN in the same IAB tree.
Figure 4 gives an example of the resource separation option 2 when the time resources are divided into two sets, t1 and t2. Each set is further divided into two parts for UL and DL, respectively.
For the 1st set of time resource (i.e., t1) only the odd-hop backhaul links and the corresponding access links are active. During this period, IAB-DN, IAB-N2 and IAB-N4 perform the role of “base station” while IAB-N1 and IAB-N3 perform as the “UE”. The first subpart t1(1) operates in DL whereas the second subpart t1(2) operates in UL.
For the 2nd set of time resource (i.e., t2) only the even-hop backhaul links and the corresponding access links are active. During this period, IAB-N1 and IAB-N3 perform the role of “base station” while IAB-N2 and IAB-N4 perform as the “UE”. The first subpart t2(1) operates in DL while the second subpart t2(2) operates in UL. 
[image: ]
[bookmark: _Ref510623486]Figure 4: Example of time-domain separation between successive IAB-Ns or IAB-DN in the same IAB tree.
Discussion on the two resource separation options
For the first option, the simulations for access and backhaul links can be performed separately. Using the 2nd set of resources, simulation on the access links can be done first by treating all the IAB-Ns as the “normal” stand-alone base stations. The interconnection between IAB-Ns via backhaul links can then be simulated using the 1st set of resources with the consideration of the traffic imposed by the UEs. 
In the second option, the lower-level IAB-N is treated similar to a UE by the directly connected higher level IAB-N (including IAB-DN). In this case, the higher-level IAB-N in a connected IAB-N pair has the control of the assigned resource set. It becomes an internal decision of this higher-level IAB-N to distribute the available resources between its access and backhaul links, as well as in UL and DL. 
Both resource separation options have advantages in representing the operational behaviors of the network, thereby should be considered in simulations generating the baseline performances. 
[bookmark: _Toc509848726][bookmark: _Toc509906312][bookmark: _Toc509913409][bookmark: _Toc509929375][bookmark: _Toc509993955][bookmark: _Toc510094954][bookmark: _Toc510625145][bookmark: _Toc510684751][bookmark: _Toc510702061][bookmark: _Toc510775047]The baseline performance of the IAB system should be evaluated when radio resources are separated 1) between access and backhaul links, or 2) between successive IAB-Ns (including IAB-DN). Other resource allocation features such as dynamic FDM/TDM/SDM between different links can be evaluated by comparing with the baseline performances. 
KPIs
To better illustrate the proposed KPIs, some case study results of fixed wireless access systems [3] are presented.
SNR and SINR
The per-link SNR and SINR measures the link quality serving different traffic types. They provide insights of the network capability, for example, the order of modulation each link can support, the margin for cross-link interference caused by resource multiplexing, etc. It also gives inputs for system design, for example, the necessity of cross-link interference coordination/management, the resource ratio assigned to backhaul links with respect to access links, etc.  
Figure 5 exemplifies the results of suburban fixed wireless access systems. In this specific case, the backhaul links have generally lower SNR and SINR values than the access links mainly due to its longer propagation distance and the bigger impact from foliage loss. Overall, the SNR and SINR results indicate that this system is able to support the required maximum UL/DL modulation of 256QAM, whereas the performance gain from mitigating all the interference from other IAB-Ns is limited in most cases.  
[image: ]
[bookmark: _Ref509931278]Figure 5: SNR and SINR comparison between access and backhaul links. In the fixed wireless access scenario, CPE serves as the “UE” in the access link.
User bitrate
The user bitrate measures the number of delivered data bits per transmission time without the queueing delays. It reflects the average bitrate assigned to a user by the scheduler. The 5%-tile, 50%-tile, 95%-tile and average values should be evaluated. 
User perceived throughput
The user perceived throughput measures the number of delivered data bits per transmission time including the queueing time. It serves the evaluation with bursty traffic model. The 5%-tile, 50%-tile, 95%-tile and average values should be evaluated.
Resource utilization
The resource utilization is an important metric to guarantee robust network performance against dynamic load variations, as well as to understand the bottleneck in the network. 
The maximum resource utilization limit is scenario-dependent. In the case study shown in Figure 6(a) the maximum limit is set to 70% for example. When the aggregated user traffic demand is 25 Mbps, all the sectors in the network operate below the utilization limit, which means that the traffic demand is guaranteed for all users. However, if the aggregated user traffic demand increases to 40 Mbps, the deployed network has about 3% of the sectors over-utilized.
Figure 6(b) further shows that most of the network resources are utilized by the backhaul links. For those over-utilized sectors, the backhaul links overly consume the available resources due to the poorer link quality or the aggregated backhaul data.  
[image: backhaul_access_final][image: access_backhaul_portion_final]
                                         (a)                                                                          (b)
[bookmark: _Ref509927708]Figure 6: (a) Radio resource utilization for all the sectors for 25Mbps and 40 Mbps aggregated user traffic demand. (b) Access and backhaul radio resource utilization portions for the sectors with resource utilization higher than 50% for simulation case with user aggregated DL/UL traffic demand of 40 Mbps.

[bookmark: _Toc509848727][bookmark: _Toc509906313][bookmark: _Toc509913410][bookmark: _Toc509929376][bookmark: _Toc509993956][bookmark: _Toc510094955][bookmark: _Toc510625146][bookmark: _Toc510684752][bookmark: _Toc510702062][bookmark: _Toc510775048]IAB performance evaluation KPIs should include the per-link SNR and SINR, user bitrate (assigned by the scheduler), user perceived throughput, and resource utilization. 

Conclusion
Based on the above discussion we propose the following:
Proposal 1	The IAB simulation scenario should capture the multi-hop feature of the backhaul links.
Proposal 2	The baseline performance of the IAB system should be evaluated when radio resources are separated 1) between access and backhaul links, or 2) between successive IAB-Ns (including IAB-DN). Other resource allocation features such as dynamic FDM/TDM/SDM between different links can be evaluated by comparing with the baseline performances.
Proposal 3	IAB performance evaluation KPIs should include the per-link SNR and SINR, user bitrate (assigned by the scheduler), user perceived throughput, and resource utilization.
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