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1 Introduction

A new study item on “Integrated Access and Backhaul for NR” was approved in RAN#78 [1]. The purpose of IAB evaluation in RAN1 is to provide quantitative analyses and conclusions based on system level simulations, on the feasibility and the potential benefits of IAB. In this contribution, we present our views on the IAB evaluation methodology and some of the open issues RAN1 needs to address.
2 Requirements on evaluation use cases and scenarios

Our views on the requirements on evaluation use cases and scenarios were presented in [7]. In our view, the following high level assumptions should be adopted for IAB evaluation:
a. Physically fixed relays (imply that the benefit of planning should be captured in modelling)
b. In-band and out-of-band scenarios
c. NR access over NR backhaul

d. Support of multiple backhaul hops
e. Topology adaptation to enable robust operation, e.g., mitigate blockage and load variation on backhaul links
f. Maximize the reuse of Rel-15 NR specifications
Further prioritizations can be done on the evaluation assumptions considering the limited time allocation in RAN1 for this study item. An evaluation prioritization that should be considered is the frequency band for the backhaul link. In our view, mmWave frequency for backhaul represents the most beneficial setup for IAB due to the large bandwidth availability and the transmission/reception spatial selectivity, which plays a critical role in inter-link interference avoidance/mitigation and maximize resource reuse potentials with the other backhaul links as well as the access links. Therefore, it is our view that the evaluation effort should assume mmWave frequency for the backhaul links. However, the specification should not preclude the use of sub-6GHz for backhaul links. 
IAB should be evaluated for its capability to serve as:

a) Backhaul for coverage extension solution
· Key scenario: mmWave access is deployed with existing network infrastructure (e.g. for LTE). Due to the relatively limited mmWave coverage, IAB-capable base stations (relay) can be deployed to extend coverage in a fast and economical manner, without (or minimizing) the need for new fiber backhaul rollout.
b) Backhaul for area traffic capacity solution
· Key scenario: NR access network (sub-6GHz or above-6GHz frequency) is deployed to serve an area with new/high traffic demand. IAB-capable base stations can be deployed to provide the required service in a fast and economical manner, without (or minimizing) the need for new fiber backhaul rollout.  
· A key characteristic (which may not be necessary for the coverage extension solution) is that the density of access nodes is typically high and the aggregated traffic demand for each access node can also be high. As a result, the resource reuse or multiplexing capability of the backhaul links is very important. 
A certain deployment scenario may put more emphasis on the IAB capability as one or both solutions above.
Proposal 1: IAB should be evaluated with the following assumptions.
a. Physically fixed relays (imply that the benefit of planning should be captured in modelling)
b. In-band and out-of-band scenarios

c. NR access over NR backhaul

d. 30GHz for NR backhaul

e. Support of multiple backhaul hops

f. Topology adaptation to enable robust operation, e.g., mitigate blockage and load variation on backhaul links

g. Maximize the reuse of Rel-15 NR specifications
3 Evaluation methodology
3.1 Remaining details of evaluation assumptions
In the last meeting, two scenarios were agreed to be considered for evaluations of IAB, namely a homogeneous IAB scenario, where nodes are dropped on a hexagonal grid and a heterogeneous IAB scenario, is based on the “dense urban” or small cells scenario as described in the TR 38.802 [3] and illustrated in Figure 1. It was also agreed that further prioritization of the scenarios is not precluded.
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Figure 3‑1: Dense urban scenario from [3] 
On the topology generation methodology, a first issue to clarify is the number of sectors to be assumed for the micro TRP. The TR assumes only one sector per micro TRP, but for IAB-capable micro TRP, three sectors per TRP would be more appropriate to provide coverage including for potential backhaul links in all directions. A second issue is the sector orientation determination of the IAB-capable micro TRPs. Since physically fixed relay should be assumed, implying that the benefit of planning should be exploited, random orientation would result in a more pessimistic evaluation outcome because misalignment of the panels between adjacent TRPs could severely penalize the backhaul link quality. 
One possible solution to address the sector orientation issues is to perform the following when dropping micro TRPs and determining the node association:

Step 1: Randomly drop all micro TRPs in the network (according to TR), without determining panel orientation
Step 2: Determine large-scale path losses between TRPs according to either Alt 1 or Alt 2 (as agreed in the last meeting) to capture the planning benefit (alt selection TBD) 
Step 3: Determine the strongest micro TRP to the macro TRP based on omni-directional Rx antenna, set panel orientation of this first micro TRP to be facing the macro TRP 
Step 4: Determine the second strongest micro TRP based on omni-directional Rx antenna. Compare the pathlosses of the second micro TRP to the macro TRP and to the first micro TRP. Associate the second micro TRP with the node with lowest pathloss (or lowest sum of pathlosses for multi-hop) and set the panel orientation of the second micro TRP to be facing the resulting parent node
Step 5: Repeat the above for the next strongest micro TRP based on omni-direction Rx antenna until all micro TRPs have been completed.
Step 6: The large scale path loss between TRPs that are not associated to each other is set without the “planning” benefit (e.g. for Alt 1, it can be randomly chosen from the N realizations) 

For example, referring to Figure 2, suppose node B, C, D are nodes with decreasing RSRP assuming omni-directional Rx antenna. Based on the aforementioned procedure, one of node B’s sector would be facing the macro TRP. If node C selects macro TRP over node B as its parent node, node C’s panel would also be facing the macro TRP. If node D selects node B over the macro TRP and node C as parent node, node D’s panel would be facing node B.
[image: image2.png]T Micro TRP
R:radius of UE dropping within a cluster
Dimero-Tres distance between the micro TRPs





Figure 3‑2: Sector orientation for micro TRPs 
In order to facilitate result comparison, companies should provide topology generation/selection methodology employed in simulations. To understand the impact of node association and sector orientation on the topology formation, we simulate the topology formed for the following cases:

CASE 1: RSRP based on omni directional Tx/Rx antenna
· Node association is performed by assuming omni-directional antenna only. 

· For ISD of 200m and 500m, UMa channel is assumed between the donor and the IAB nodes. For ISD of 1732m, RMa channel is assumed between the donor and the IAB nodes

· UMi channel is assumed between IAB nodes.

CASE 2: RSRP based on sector directional Tx/Rx antenna
· Node association and sector orientation are performed according to the algorithm as described before. 

· For ISD of 200m and 500m, UMa channel is assumed between the donor and the IAB nodes. For ISD of 1732m, RMa channel is assumed between the donor and the IAB nodes

· UMi channel is assumed between IAB nodes.
CASE 3:  RSRP based on sector directional Tx/Rx antenna, donor BS as micro TRPs
· Node association and sector orientation are performed according to the algorithm as described before, but the donor macro TRP is replaced with donor micro TRP in terms of Tx power, TRP height, antenna configuration. 

· UMi channel is assumed between the donor and the IAB nodes and between IAB nodes.
Histograms of the number of hops for IAB nodes and the number of nodes connected to the IAB nodes for each case for ISD of 200m, 500m and 1732m are shown in Figure 3‑3, Figure 3‑4 and Figure 3‑5. They were simulated assuming Alt 1 path loss model with N=5. It can be observed that Case 1 and 2 produce mostly one-hop IAB nodes, whereas Case 3 produces higher percentages of 2 and 3 hops networks. For the “HetNet” scenario, replacing macro TRP with micro TRP for the donor BS can be considered as an additional option if evaluation of topologies with larger number of hops on average is necessary.
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(a)                                                                                                    (b)
Figure 3‑3 (ISD = 200m, UMa): Histograms of the number of hops for IAB nodes (a) and the number of nodes connected to the IAB nodes (b)
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(a)                                                                                                    (b)
Figure 3‑4 (ISD = 500m): Histograms of the number of hops for IAB nodes (a) and the number of nodes connected to the IAB nodes (b)
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(a)                                                                                                    (b)
Figure 3‑5 (ISD = 1732m): Histograms of the number of hops for IAB nodes (a) and the number of nodes connected to the IAB nodes (b)

Observation: For the “HetNet” scenario, replacing macro TRP with micro TRP for the donor BS can be considered as an additional option, if evaluation of topologies with larger number of hops on average is necessary.
Table 1 summarizes our proposed evaluation assumptions for the heterogeneous network.
Table 1: System level evaluation assumptions for IAB
	Parameters
	Heterogeneous network

	Network Layout
	Two layer

Macro layer (IAB donor): Hex. Grid

· 7 sites

Micro layer (IAB node): Random drop (All micro BSs are all outdoor with 3 sectors per micro BS)

- 1 or 3 micro BSs per macro BS

- Dropping in the center of the hotspot area

- Sector orientation determination procedure should be clarified
See Figures A.2.1-3, A.2.1-4 and Table A.2.1-8 of [3]

	Macro inter-BS distance
	500m (urban), [1732m (suburban)]

	Frequency and Bandwidth (total spectrum access + backhaul)
	FR1: 4GHz (100MHz), FR2: 30GHz (400MHz)
Note: FR2 is prioritized.

	Simulation bandwidth
	80 MHz per CC

	Channel model (access)
	5GCM UMa (Macro layer) and UMi-Street canyon (Micro layer)

	BS Tx power
	Macro layer:

40 dBm PA scaled down with simulation BW when system BW is higher than simulation BW. Otherwise, 40 dBm
Micro layer:

33 dBm PA scaled down with simulation BW when system BW is higher than simulation BW. Otherwise, 33 dBm. 

EIRP should not exceed 73 dBm and 68 dBm for the macro and micro layers respectively(*)

	UE Tx power
	30GHz: 23dBm

EIRP should not exceed 43 dBm (*)

	BS antenna configurations
	See Table A.2.1-4 of [3].

	BS antenna height
	25m for macro cells and 10m for micro cells

	BS antenna element gain + connector loss
	See Table A.2.1-4 of [3]

	BS receiver noise figure
	7dB

	UE antenna configuration
	See Table A.2.1-4 of [3].

	UE antenna height
	Follow TR36.873 

	UE antenna gain
	Follow the modeling of TR36.873

	UE receiver noise figure
	Above 6GHz: 13dB (baseline performance), 10dB (high performance)

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

	Traffic load (Resource utilization)
	For baseline scheme: 25, 50 and 80% (other value is not precluded)

	UE distribution
	Full buffer traffic: 10 users per TRP associated with macro cell geographical area

FTP model: 60 users per TRP associated with macro cell geographical area. 2/3 users randomly and uniformly dropped within the clusters (20m radius?), 1/3 users randomly and uniformly dropped throughout the macro geographical area

FFS: 0%, 20%, 80% indoor 

Mix of O2I penetration loss models for higher carrier frequency

-
Low loss model – 50%

-
High-loss model – 50%

	UE receiver
	MMSE-IRC

	Feedback assumption
	Realistic

	Channel estimation
	Realistic

	UE speed
	3km/h

	Performance metrics
	· 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

	Reference network
	7 donor nodes

	Duplex mode
	TDD

	(*):
See Appendix in R1-164383 and R1-167533 for the derivation of maximum allowed EIRP. EIRP limit is only used for evaluation purpose in RAN1.

Note: Slot structure assumed for backhaul links and access links should be clarified by companies. 


Table 2: Minimum distance between TRPs and UE cluster radius
	Number of the micro TRPs per macro TRP
	Minimum distance between Micro TRP centers (m)
	Radius of UE dropping within a cluster: R (m)

	3
	57.9
	<28.9


Proposal 2: The evaluation assumptions for the heterogeneous network is according to Table 1.
3.2 Channel model for backhaul links

The relay site planning has the effect of increasing the long-term backhaul SINR (geometry). To capture this effect in the large scale channel model, the following agreements were achieved:
· 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.
Alt 1 is preferred since it is simpler (and avoid the discussion of two parameters for Alt 2) and provides a more intuitive process of trying for the best possible link with N independent trials. 
To study the impact of value N in Alt 1, the CDFs of pathloss+shadowing for macro TRP-micro TRP links and micro TRP-micro TRP links are plotted in Figure 3‑5 and Figure 3‑6, respectively, for distance of 100m and 200m. It can be seen that N=4,5 can produce lower pathloss+shadowing than the LOS case for 100m distance. Therefore, N=3 is recommended.  
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Figure 3‑6: Pathloss+shadowing CDF for macro TRP-micro TRP links
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Figure 3‑7: Pathloss+shadowing CDF for micro TRP-micro TRP links

Proposal 3: Adopt Alt 1 with N=3 to determine the pathloss for links between the IAB node and other IAB nodes/donors.
4 Conclusions 

In this contribution, we presented our views on the IAB evaluation methodology and some of the open issues RAN1 needs to address. Our proposals are summarized below.

Proposal 1: IAB should be evaluated with the following assumptions.

a. Physically fixed relays (imply that the benefit of planning should be captured in modelling)

b. In-band and out-of-band scenarios

c. NR access over NR backhaul

d. 30GHz for NR backhaul

e. Support of multiple backhaul hops

f. Topology adaptation to enable robust operation, e.g., mitigate blockage and load variation on backhaul links

g. Maximize the reuse of Rel-15 NR specifications

Observation: For the “HetNet” scenario, replacing macro TRP with micro TRP for the donor BS can be considered as an additional option, if evaluation of topologies with larger number of hops on average is necessary.
Proposal 2: The evaluation assumptions for the heterogeneous network is according to Table 1 in Sec 3.1.
Proposal 3: Adopt Alt 1 with N=3 to determine the pathloss for links between the IAB node and other IAB nodes/donors.
· 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.
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Appendix 1: Example topologies for case 1, 2 and 3
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Figure 0‑1: Case 1 ISD200m
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Figure 0‑2: Case 2 ISD200m
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Figure 0‑3: Case 3 ISD200m
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Figure 0‑4: Case 1 ISD500m
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Figure 0‑5: Case 2 ISD500m
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Figure 0‑6: Case 3 ISD500m
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Figure 0‑7: Case 1 ISD1732m
[image: image20.png]Case 2 ISD 1732m: Heterogeneous Network, RSRP-Sectorization Algorithm

| \ [ L1110\ AR ARS w“““‘\
131818181817 18 1820 2P 28 28 20 282829 2 2930 3P 3239 3 38 385

0

[J]11)
838 P 1 1B 189018 P SPISP P PP BB oPoP eI odopedapPaped r0 |

99





Figure 0‑8: Case 2 ISD1732m
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Figure 0‑9: Case 3 ISD1732m
Appendix 2: Agreements from RAN1#92bis
Agreements:

· The following two scenarios should be considered for evaluations of IAB:

	 
	Homogeneous IAB Scenario
	Heterogeneous IAB Scenario

	Node deployment
	All nodes (IAB donor and IAB node) are dropped on a hexagonal grid
	Only IAB donor are dropped on a hexagonal grid and IAB node are dropped randomly

	IAB donor
	Micro
	Macro

	IAB node
	Micro
	Micro

	Number of IAB donor
	Ndonor: [1, 3, 7]
	Ndonor = 7

	Number of IAB node
	19 - Ndonor
	Nrelay selected from the following set of values: [1,3]*Ndonor*3

	Total number of Nodes
	19
	Ndonor + Nrelay

	Reference Network
	Ndonor donor nodes with 0 relay node
	7 donor nodes

	Macro ISD
	200m
	2 values: 500m and [FFS]

	Frequency and Bandwidth (total spectrum access + backhaul)
	FR1: 4GHz (100MHz), FR2: 30GHz (400MHz)
	FR1: 4GHz (100MHz), FR2: 30GHz (400MHz)

	Duplex mode
	TDD
	TDD


· Note: Further prioritization of these scenarios is not precluded

· Continue discussion on remaining parameters and FFS points until the next RAN1 meeting.

Agreements:

· 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. 

Agreements:

· For IAB donor (UMa) -> IAB node (UMi): Apply UMa fast-fading parameters but replace ASA, ZSA using ASD and ZSD from UMi-SC separately --- follow table A.2.1-11 in TR38.802
· For IAB node/donor (UMi) –> IAB node (UMi), Apply UMi fast-fading parameters but replace ASA, ZSA using ASD and ZSD from UMi-SC separately--- follow table A.2.1-11 in TR38.802
Agreements:

· 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
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