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1   Introduction
In RAN1#94bis, no further agreements were made for NR IAB evaluation methodology [1]. This contribution provides our views on evaluation methodology for NR IAB including topology construction procedure and node association rule. End-to-end UPT performance evaluations are demonstrated. 
2   Simulation Assumptions 
The spanning tree based network topology formation procedure had been proposed in previous meetings [2], [3], [4]. Assuming that L Donor Nodes (DN) and M Relay Nodes (RN) are deployed in the network, 

Proposal 1: Use the following steps in generating IAB network.

· Step 0: Deploy a serving node set A with L DNs and an un-associated 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).
|∙| and Q(l, m, n) denote the cardinality of a set and the (l, m, n)-th element of the association metric matrix, respectively. Based on RAN#94’s agreement, the parent node selection metric Q can be the 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, etc. In this contribution, we demonstrate the evaluation results for 2 different RSRP based parent node selection metrics: 1) Immediate RSRP value of the parent node, denoted as “RSRP” in the plots. 2) The harmonic mean of RSRPs in the route from DN to the IAB node, denoted as “H-mean RSRP” in the plots. The association algorithm always tries to maximize the metric in the generation procedure. Note that we proved that “RSRP” and “min RSRP” generate identical topologies in [4]. 
Figure 1-2 show the results for the heterogeneous scenario (dense urban). Figure 3-5 show the results for the homogeneous scenario (urban micro) with 7 donor sites. In both scenarios, we assume ISD = 500m. More detailed simulation assumptions can be found in Table A-1. The mean number of backhaul hops is 1.499 for “RSRP” and 1.579 for “H-mean RSRP” in heterogeneous scenario, and the mean number of backhaul hops is 1.354 and 1.531, respectively in homogeneous scenario. Figure 6-7 show the distribution of total number of IAB nodes per donor node in both heterogeneous and homogeneous scenarios.
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Figure 1. CDF of RSRP values in dense urban
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Figure 2. PMF # of backhaul hops in dense urban
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Figure 3. CDF of min RSRP in urban micro
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Figure 4. CDF of H-mean RSRP in urban micro
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Figure 5. PMF # of backhaul hops in urban micro
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Figure 6. PMF # of IABs per DN in dense urban
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Figure 7. PMF # of IABs per DN in urban micro

Observation 1: For the initial network topology formation in IAB performance evaluation, “RSRP” metric achieves smaller number of hops than “H-mean RSRP”. The resulting H-mean RSRP values from “RSRP” metric are very close to “H-mean RSRP”. 

Based on the above observations, we make the following proposal.  
Proposal 2: For the initial network topology formation in IAB performance evaluation, “RSRP” metric can be used.
3   Performance Evaluation
In this section, we provide system level simulation results for IAB networks with and without SDM between backhaul and access links in dense urban (heterogeneous) scenario. 
In [4], our preliminary simulation results showed that SDM has marginal improvement over TDM only scheme. In this contribution, we made several adjustments in the simulation trying to increase the performance gain for SDM. First, in our previous contribution [4], we only simulated with one macro TRP. It is possible that the number of simulated nodes are too small to see the benefit of SDM. In this contribution, we did a full-scale system level simulation with 7 cells (21 macro TRPs) for this contribution document. Second, we suspect that the traffic load we simulated last time is not high enough, so that an IAB node would not have simultaneous traffic in backhaul and access links very often. In this contribution, we simulated packet size with 0.1Mbytes and 0.5Mbytes this time, effectively increased the traffic load by five times. Finally, we suspect that the marginal gain is due to high interference level at IAB node when using SDM. Hence, to suppress the impact of the interference from SDM, the TX power at macro TRP is lowered from 44dBm to 33dBm.
Simulations include 7 macro cells (21 TRPs) and 3 micro TPRs (IAB nodes) per macro TPR, and end-to-end UPT are compared for TDM only and TDM + SDM. The multiplexing schemes are illustrated in the following figure.
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Figure 8. Illustration of simulated multiplexing schemes among backhaul and access links
Two types of SDM were considered in the simulation: SDM via MU-MIMO and SDM via sectorization, which are demonstrated in Figure 9. SDM via MU-MIMO reuses Rel-15 mechanisms assuming a single baseband processor, and sectorization means SDMed transmissions/receptions are processed on different baseband units.
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Figure 9. Two SDM patterns in an IAB network
Our simulations do not support SDM between parent links and child/access links via MU-MIMO, since it would require symbol-level timing alignment among parent links and child/access links. In summary, all supported SDM patterns in the simulation are listed in the following table.
Table 3‑1. Supported SDM patterns in system level simulation

	Case
	Link 1
	Link 2
	SDM via MU-MIMO 
(single baseband)
	SDM via sectorization 
(multiple baseband)

	1
	P, DL
	C, UL
	No
	Yes

	2
	P, DL
	A, UL
	No
	Yes

	3
	P, UL
	C, DL
	No
	Yes

	4
	P, UL
	A, DL
	No
	Yes

	5
	C, DL
	A, DL
	Yes
	Yes

	6
	C, UL
	A, UL
	Yes
	Yes


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 10 and Figure 11 demonstrate the UPT comparison for ISD=200m, with packet size = 0.1Mbytes and 0.5Mbytes, respectively. The packet arrival rate is λ=8 packets per second. Table 3‑2 and Table 3‑3 show the SDM gain on end-to-end UPT values. 
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Figure 10. UPT performance for 0.1Mbytes
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Figure 11. UPT performance for 0.5Mbytes
Table 3‑2 End-to-end UPT comparison with and without SDM, packet size = 0.1Mbytes
	
	Multiplex Scheme
	5-percentile UPT 
	50-percentile UPT
	95-percentile UPT

	DL UPT
	TDM only
	0.68 Mbps
	132.35 Mbps
	468.41 Mbps

	
	TDM + SDM
	0.96 Mbps
	136.97 Mbps
	473.61 Mbps

	
	SDM Gain
	41.18%
	3.49%
	1.11%

	UL UPT
	TDM only
	0.29 Mbps
	71.36 Mbps
	479.83 Mbps

	
	TDM + SDM
	0.57 Mbps
	79.73 Mbps
	484.45 Mbps

	
	SDM Gain
	96.55%
	11.73%
	0.96%


Table 3‑3 End-to-end UPT comparison with and without SDM, packet size = 0.5Mbytes

	
	Multiplex Scheme
	5-percentile UPT 
	50-percentile UPT
	95-percentile UPT

	DL UPT
	TDM only
	0.61 Mbps
	45.32 Mbps
	306.11 Mbps

	
	TDM + SDM
	0.40 Mbps
	46.81 Mbps
	335.20 Mbps

	
	SDM Gain
	-34.43%
	3.29%
	9.50%

	UL UPT
	TDM only
	0 Mbps
	13.37 Mbps
	211.06 Mbps

	
	TDM + SDM
	0 Mbps
	14.13 Mbps
	245.06 Mbps

	
	SDM Gain
	-
	5.68%
	16.11%


With the simulation parameters that are in favor of SDN, we again only observe marginal gain by SDM as compared to TDM. Moreover, the simulation is done with SDM using separate baseband units. It is expected that even lower gain for SDM using Release-15 based MU-MIMO in a single baseband unit, due to the power imbalance issue at IAB nodes. Based on current evaluation results, we feel that the marginal SDM performance cannot justify the extra design complexity introduced by SDM, especially for SDM within a single baseband processing unit. For example, SDM requires symbol level timing alignment to support simultaneous transmission/reception among access and backhaul links. SDM may require additional DL power control to mitigate the power imbalance for simultaneous reception from parent DL and access UL.

Observation 2: SDM between backhaul and access links show marginal performance improvement over TDM only scheme in end-to-end UPT.

Proposal 3: Further study SDM to identify scenarios where SDM can provide substantial performance gain. Further study the need of supporting SDM between parent link and child/access link in one baseband unit.

4   Conclusion
In this contribution, we discussed topology construction procedure for evaluation methodology and demonstrated system level simulation results for NR IAB networks with and without SDM. Based on the discussion, we have the following observations and proposals: 
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).
Observation 1: For the initial network topology formation in IAB performance evaluation, “RSRP” metric achieves smaller number of hops than “H-mean RSRP”, and the resulting H-mean RSRP values from “RSRP” metric are very close to “H-mean RSRP”.
Proposal 2: For the initial network topology formation in IAB performance evaluation, “RSRP” metric can be used.
Observation 2: SDM between backhaul and access links show marginal performance improvement over TDM only scheme in end-to-end UPT.
Proposal 3: Further study SDM to identify scenarios where SDM can provide substantial performance gain. Further study the need of supporting SDM between parent link and child/access link in one baseband unit.
5   References

[1] Chairman’s Note RAN1#94bis, 2018
[2] R1-1806552, Evaluation methodology for IAB, Intel Corporation, RAN1#93

[3] R1-1808692, Evaluation methodology for IAB, Intel Corporation, RAN1#94
[4] R1-1810771, Evaluation methodology for IAB, Intel Corporation, RAN1#94bis
A. Appendix
Table A‑1 System level evaluation assumptions for topology formation

	Parameters
	Values

	Layout
	Heterogeneous (dense urban)
	Homogeneous (urban micro)

	ISD
	500m

	Carrier frequency
	30GHz

	Number of macro TRPs
	21 TRPs (7 sites)
	21 TRPs (7 sites)

	Number of micro RNs
	3 RNs per macro TRP 
	12  RNs

	Antenna configuration
	Macro: (4, 8, 2, 2, 2); Micro: (4, 8, 2, 2, 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
	200m

	Carrier frequency
	30GHz

	Subcarrier spacing
	60kHz

	System bandwidth
	400MHz (DL + UL)

	Duplex mode
	TDD

	Access and backhaul links multiplex scheme
	TDM w/ and w/o SDM

	Number of macro TRPs
	21 (7 cells)

	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: (4, 8, 2, 2, 2); UE: (2, 4, 2, 1, 2);

	Maximum Tx power 
	Macro: 33 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
	8 packets per seconds

	Number of hops
	2 (single backhaul hop)
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