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1 Introduction

Coverage holes due to NLoS or blockage are among the biggest challenges for commercial deployment of mmWave NR. Many field tests show that macro cell only deployments in typical urban environments may not provide suitable performance even with very high EIRP. IAB, as a promising technology for mmWave deployment, is expected to provide a low cost coverage enhancement and capacity improvement solution.
In this paper, we present some preliminary system evaluation and also prototype test results to prove the benefits of introducing IAB for mmWave deployment in terms of coverage, system capacity. Furthermore, dynamic/flexible TDM with SDM based resource allocation between backhaul and access is particularly investigated, with single hop topology as a starting point.
2 System evaluation results

The detailed evaluation parameters are listed in the appendix. 
2.1 Coverage performance
Figure 1 shows the UE geometry distribution with 30 UEs per sector. UE’s SINR is significantly improved, as expected if IAB nodes are introduced, since UEs get closer to a network node. UEs attached to IAB nodes have better geometry compared to others attached to donors. The SINR improves further as more IAB nodes are deployed.
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Figure 1: UE geometry performance of IAB
In Figure 2(a), it can be observed that without IAB nodes, the outage performance with typical 80% indoor/20% outdoor UE distribution is rather poor for in 500m ISD, and downlink above 30% and uplink above 40% UEs suffer outage (no throughput). The outage performance is significantly improved with the introduction of more IAB nodes. In fact, the multiplexing scheme between backhaul and access link has negligible impact on outage performance since it mainly depends on UE’s SINR, instead of how to multiplex access and backhaul.

If changing UE distribution to be 100% outdoors, the outage improves even without IAB nodes as shown in Figure 2(b), due to fewer coverage holes. Therefore, it is necessary to take UE distribution to account when discussing IAB scenarios. To be specific, if 100% of UEs are dropped outdoors, the ISD should be enlarged when investigating impact of RN on coverage holes.
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(a) 80% indoor/20% outdoor, ISD=500m
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(b) 100% outdoor, ISD=500m 
Figure 2: Outage performance with static TDM scheme 
2.2 System capacity with dynamic/flexible resource allocation

In LTE relay, the backhaul link is multiplexed with access in a semi-static TDM manner. The time slot allocation pattern for backhaul link is predefined according to the MBSFN subframe location and the access link is not allowed to occupy the backhaul slot even though the backhaul slot is not utilized. TDM in NR IAB is much more flexible, without the specific MBSFN subframe location constraint. In addition, the multi-beam systems in NR mmWave creates an opportunity to deploy IAB with flexible SDM between access and backhaul links. As a result, system capacity and transmission delay will be improved.

In the evaluation, dynamic TDM slot allocation between backhaul and access link with and without SDM based multiplexing are evaluated, in a single-hop scenario. As a comparison, the static TDM based slot allocation scheme is also presented.  

· Scheme 1: Static TDM slot allocation between backhaul and access

For scheme 1, a predefined fixed TDM slot allocation for backhaul link similar to LTE relay, is evaluated whatever the required backhaul transmission capability is. This tends to result in inefficient resource utilization   

· Scheme 2: Dynamic TDM slot allocation between backhaul and access

For scheme 2, the TDM slot allocation pattern can be flexibly configured according to the backhaul transmission capacity requirement, and also for each specific configuration, the backhaul slot can be used for access link by dynamic scheduling, if backhaul transmission is not scheduled in that slot.
· Scheme 3: Dynamic TDM slot allocation + flexible SDM between backhaul and access

In this scheme, SDM between backhaul and access links is applied on top of the dynamically allocated backhaul transmission slot, according to the scheduling decision at IAB node.
Table 1 illustrates system capacity evaluation comparison for full buffer traffic with various resource allocation schemes discussed above, considering different number of IAB node deployed per sector. It can be observed that:
· Better system capacity can be achieved with the introduction of IAB nodes. 

· Compared to static TDM, dynamic TDM scheme brings clear performance enhancement due to the better resource utilization.

· SDM further improves system capacity by utilizing the beams unavailable to backhaul links to serve UEs, and the growing benefits of SDM can be observed if more RNs are deployed

Table 1:  Capacity comparison
	IAB node number
	Capacity performance gain, baseline: w/o IAB nodes

	
	Static TDM
	Dynamic TDM
	Dynamic TDM+ SDM

	1 IAB node/sector
	12.1%
	20.1%
	23.1%

	3 IAB node/sector
	17.8%
	28.4%
	37.2%

	4 IAB node/sector
	23.1%
	37.2%
	53.0%


3 Prototype test 

In this test, for simplicity, one IAB donor is mounted on a BS tower, with around 100 m height and one IAB node with 3 m height is located within the coverage of IAB donor. This is a typical urban macro scenario including high building and dense foliage. 
Only one CPE accessed either the IAB donor or the IAB node according to access criteria. One TRX at IAB donor is active to serve either backhaul or access link. For IAB node, two TRXs are equipped which can be shared by backhaul and access if their sweeping direction could overlap. The system operates at 39GHz band with TDD mode.
3.1 Coverage performance test
Along the test route in Figure 4, some locations are out of donor nodes’ coverage due to the blockage of high building and foliage. The SNR map with IAB donor only is shown in Figure 3(a). With the introduction of IAB node, the SNR along the test route improves significantly as shown in Figure 3(b), especially for the ranges circled in white where UE can access the IAB node to get much higher throughput. 
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(a) without IAB node                                               (b) with IAB node

Figure 3: SNR map 
The UE’s attachment along the test route is illustrated in Figure 4, where UE in green locations accesses IAB donor, and accesses IAB node when it moves to the red locations.  
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         Figure 4: UE’s attachment along the test route         Figure 5: SNR map with the deployed IAB node
Without the IAB node, less than 50% coverage ratio can be achieved along the test route, while it is improved to above 95% with only one IAB node deployed. 
Observation 1: Introducing IAB nodes can significantly improve coverage performance for mmWave in practical scenarios.

3.2 Capacity test
As discussed in section 2.2, three resource allocation schemes between backhaul and access are tested for comparison, and the detailed configuration is illustrated in Figure 6.
Configuration 1 (static TDM):  One DL and one UL backhaul slot are configured every 8 slots.  

Configuration 2 (dynamic TDM): One or two DL backhaul slots are configured every 8 slots, according to the backhaul transmission capacity requirement. Still one UL backhaul slot is allocated.
Configuration 3 (dynamic TDM with flexible SDM):  In the DL or UL backhaul slot in configuration 2, the access link can be multiplexed with backhaul link in an SDM way according to the scheduler.
In the test, 6 test points which can be served by IAB node are chosen, as shown in Figure 7.
Figure 8 shows the throughput comparison for the three resource allocation schemes. It can be observed that, dynamic TDM always outperforms static TDM and the gain is much higher in high SNR region (i.e. P11,P5,P7) because the requirement for backhaul transmission capacity is increased if access link is of high SNR, and more backhaul transmission slots with configuration 2 is more beneficial to throughput. In this high SNR region (P11, P5), adding SDM on top of dynamic TDM does not further increase the backhaul capacity, since the backhaul link has only 1 layer transmission and 64QAM modulation in this trial. Although SDM in configuration 3 provides more DL access transmission opportunity for UE as shown in Figure 6, the backhaul congestion means the DL throughput is not in fact increased.  However, for the test locations with medium/low SNR, SDM exhibits attractive gains (above 40% in P8 and P4) because the backhaul link is no longer congested in these cases and more access transmission opportunities by SDM can achieve enhanced throughput. This is why it is important to report the backhaul link congestion situation when presenting system performance [1] so that the performance differences that arise from applying a particular technique can be separated from the differences due to topology, etc. What is already clear is that high capacity backhaul link plays an important role to achieve good IAB system capacity and E2E delay. 
According to the system evaluation and prototype test results, the following observations can be made:
Observation 2: System performance evaluation shows that compared to static TDM, dynamic TDM  gives system capacity gains due to the better resource utilization, and SDM further improves system capacity by utilizing the beams unavailable to backhaul links to serve UEs. The growing benefits of SDM can be observed if more IAB nodes are deployed.
Observation 3: Prototype field tests further verify that dynamic/flexible resource allocation (dynamic TDM with SDM) has benefits which can be realized in practice.
Observation 4: The backhaul link congestion situation needs to be reported together with simulation results so that the reasons for the behavior of a particular scheme can be analyzed properly. 
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Figure 6: Slot allocation and resource allocation between BH &AC
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                                  Figure 7: Test points illustration for capacity test      
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                                Figure 8: Throughput comparison for three schemes
4 Conclusions
In this contribution, we further evaluate the system performance of IAB deployment in terms of coverage and capacity for mmWave, by system evaluation and prototype field trials. The results show that there are good gains in prospect for IAB in practical situations, and that dynamic/flexible TDM with SDM resource allocation has capacity benefits that are realizable in practice. We make the following observations:
Observation 1: Introducing IAB nodes can significantly improve coverage performance for mmWave in practical scenarios.  
Observation 2: System performance evaluation shows that compared to static TDM, dynamic TDM  gives system capacity gains due to the better resource utilization, and SDM further improves system capacity by utilizing the beams unavailable to backhaul links to serve UEs. The growing benefits of SDM can be observed if more IAB nodes are deployed.
Observation 3: Prototype field tests further verify that dynamic/flexible resource allocation (dynamic TDM with SDM) has benefits which can be realized in practice.

Observation 4: The backhaul link congestion situation needs to be reported together with simulation results so that the reasons for the behavior of a particular scheme can be analyzed properly. 
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Table A.1 System-level parameters
	Attribution 
	Assumption

	Network Layout
	Hexagonal cellular network (ISD = 500m) with multi-hop relaying

	Number of TRPs
	19 macro TRPs and 57*Nr rTRPs where Nr is the number of rTRPs per sector. The value of Nr is {1,3,4}.

	UE number per sector
	30 (80% indoor/ 20% outdoor, or 100% outdoor)

	Carrier frequency
	30GHz


	Subcarrier spacing
	60kHz

	Slot length
	0.25ms with 14 symbols

	TDD UL/DL configuration
	D:U = 3:2 for baseline(without RN)

	MIMO
	MU-MIMO

	Scheduling
	PF

	HARQ
	CC

	MCS
	Up to 256QAM

	Receiver
	MMSE-IRC

	Traffic model
	Full buffer

	Codebook for analog beamforming
	DFT-based, no oversampling

	Penetration loss
	50% high loss, 50% low loss

	Metric
	Geometry: the metric is calculated without analog beamforming

Full buffer: Area traffic capacity[2]


