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Introduction
[bookmark: _Hlk67466568]Rel.17 WID [1] has following RAN1-led objectives that may/will require RAN4 involvement:
Duplexing enhancements [RAN1-led, RAN2, RAN3, RAN4]:
· Specification of enhancements to the resource multiplexing between child and parent links of an IAB node, including:
· [bookmark: _Hlk26193173]Support of simultaneous operation (transmission and/or reception) of IAB-node’s child and parent links (i.e., MT Tx/DU Tx, MT Tx/DU Rx, MT Rx/DU Tx, MT Rx/DU Rx).
· Support for dual-connectivity scenarios defined by RAN2/RAN3 in the context of topology redundancy for improved robustness and load balancing.
· Specification of IAB-node timing mode(s), extensions for DL/UL power control, and CLI and interference measurements of BH links, as needed, to support simultaneous operation (transmission and/or reception) by IAB-node’s child and parent links.

RAN4 objectives are defined as follows:
RF and RRM requirements [RAN4-led]:
· Definition of IAB node RF requirements if needed for any Rel-17 extensions.
· Definition of RRM core requirements if needed for any Rel-17 extensions.

In this contribution we discuss simultaneous operation of IAB-node’s child and parent links.
Discussion
RAN1 started working on possible solutions for resource multiplexing between child and parent links of an IAB node where the multiplexing can be based on spatial or frequency division of signals, i.e., SDM or FDM type multiplexing. The new multiplexing schemes require enhancements for control and usage of available radio resources of IAB-MT and IAB-DU. Simultaneous usage of MT and DU resources, in fact BH and access channels, will result in new interference scenarios that may have implications to CLI measurements and/or power control.
It is possible that new RF requirements are necessary to guarantee system performance when SDM and/or FDM multiplexing feature is supported, despite the fact that rel-16 IAB WI objectives included considerations for forward-compatibility with SDM and FDM [2]:

The outcome of discussions in RAN4#99-e were captured in an approved way forward in [3]. It was identified that SDM-operation has no RAN4 specification impact, but when IAB-MT and IAB-DU use the same antenna array to support simultaneous operation in FDM-manner, following aspects need further consideration:· Specification of mechanisms for resource multiplexing among backhaul and access links. This includes: 
Specification of semi-static configuration for IAB-node/IAB-donor DU resources in case of TDM operation subject to half-duplex constraint. This shall be forward compatible to allow the support of half-duplex scenarios with FDM and SDM resource sharing among backhaul and access links

· For case different beams applied for MT and DU FFS on feasible isolation between beams and associated RF impact.
· For case one beam shared between MT and DU FFS on
· Tx power imbalance between MT and DU for simultaneous MT TX and DU TX
· RX power imbalance between MT and DU for simultaneous MT RX and DU RX
· Timing difference due to IAB-MT TA if any impact
· Whether simultaneous MT TX/DU RX and/or MT RX/DU TX can be removed for this scenario
Tx power imbalance for different and shared beams
When IAB-MT and IAB-DU share the same beam, no additional isolation is provided. However, when IAB-DU And IAB-MT use separate beams, the isolation between beams depends on beam directions how digital signal processing is used to provide additional isolation. In FR2 possibilities for such signal processing are limited due to the prevalent use of analog beamforming, and it can be assumed that isolation between beams is at most 13 dB, i.e. the level of a sidelobe from uniformly excited array. Example of such antenna pattern is provided in Figure 1. It is possible that with suitable beam directions the isolation is higher, but this is not guaranteed. The condition to reach at least 13 dB isolation is that the beam directions are sufficiently different.
[image: ]
Figure 1: Example of 2D-cut of 8x8 antenna array pattern with and without impact from individual element patterns
Naturally, implementation-specific ways exist to improve the isolation, but they should not be considered in the standard.
Observation 1: Isolation between beams can be expected to be guaranteed to be at most 13 dB in FR2, assuming beams are pointing in clearly different directions.
In FR1 the same baseline assumption can be applied, as it is guaranteed that in all implementations the beam processing of IAB-DU and IAB-MT is common in such a way that leakage towards the other beams is minimized.
Observation 2: Same 13 dB isolation can be assumed for FR1.
Observation 3: Implementation specific beams are available for both FR1 and FR2 to improve the isolation.
One possible scenario where RF performance is impacted is FDM-transmission where IAB-MT transmission is power controlled. This may result in a case where unwanted emissions of the higher-power IAB-DU transmission have impact on the signal quality of the lower-power IAB-MT transmission. Additionally, some emission requirements, like ACLR, could be difficult to be met for the lower power IAB-MT transmissions, in case the unwanted emissions are dominated by the high power IAB-DU transmission. The scenario is illustrated in Figure 2.
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Figure 2: Wanted signals (blue) and emissions spectra of IAB-DU transmissions (orange) and IAB-MT transmission (green). Only one side of emission spectra drawn. The illustration is not in scale.
Observation 4: FDM of IAB-MT and IAB-DU transmissions may impact RF performance, especially if IAB-MT transmission is power controlled.
IAB RF core requirements set IAB-MT dynamic range for PSD to be 5 or 10 dB depending on IAB class. Therefore, isolation between beams is larger than this. This means that the leakage from higher power transmission won’t be an issue for signal quality, as it is offset by the beam isolation.
The standard does not need to cover cases where dynamic range is greater than what is set by the minimum requirements and those shall be left to implementation.
Observation 5: With 13 dB beam isolation, different power levels of IAB-DU and IAB-MT transmissions are not problematic for signal quality. This may not be the case when transmission power capabilities are different.
When emission requirements are considered, higher power IAB-DU transmission could still cause e.g. ACLR of IAB-MT to fail, as emissions are measured as TRP and therefore isolation between beams does not have impact. There are multiple options how this could be taken into account in minimum requirements. Emission requirements could be made more stringent, however, this would likely result in IAB-implementations being infeasible both in FR1 and in FR2. As it was concluded there is no issue from signal quality perspective, the most important thing is whether the emissions cause co-existence issues and specify requirements according to that.
When simultaneous IAB-MT and IAB-DU transmissions take place in DL slots, from co-existence perspective, neighbour-operator can tolerate emissions aligned with IAB-DU transmissions. As such, there is no co-existence issue and emission requirements should be aligned with IAB-DU emission requirements.
It should be noted that in this analysis the assumption has been that the output power capabilities of IAB-DU and IAB-MT are the same. 
Observation 6: When simultaneous IAB-MT and IAB-DU transmissions take place in DL slots and emissions are aligned with IAB-DU specifications, they do not cause co-existence issues.
In case simultaneous transmissions take place in UL slots, there is a risk of IAB-DU to IAB-DU or IAB-DU to BS interference. This is similar to BS-to-BS interference which was studied as part of the CLI study in rel-16, and is captured in TR 38.828. The recommendations of that study should be taken into account in network deployments. Moreover, there is also a risk of IAB-MT to BS interference when single RB is transmitted with a certain level of RB power boosting (e.g., to enhance the UL coverage) compared to the average RB power level for full RBs transmission, as discussed in [4].
Observation 7: CLI-study conclusions from TR 38.828 and in [4] need to be taken into account also for IAB deployments.
Proposal 1: During simultaneous IAB-DU and IAB-MT transmissions IAB-DU emission requirements are applied for both transmissions and relative ACLR is not required to be met for power controlled transmissions.
The same considerations regarding emissions apply also for operation within a single beam. However, signal quality impact can be present in single beam operation. However, we think that using the same beam is a special case and no minimum requirement needs to be set. Instead, minimizing possible throughput loss in such usage should be left to implementation.
Proposal 2: For single beam operation minimizing throughput loss is left for implementation and no minimum requirement is specified.
Rx power imbalance
Power imbalance can take place also in receiver side. However, similar case exists already in rel-16, where it is possible to receive UE transmissions and backhaul link transmissions simultaneously. In this rel-16 scenario it is even more likely that power imbalance is greater than when receiving IAB-DU and IAB-MT transmissions due to UE Tx power capabilities being generally lower than that of on IAB-MT. As this scenario was not separately specified in rel-16, we do not see a need to create specifications for this likely easier scenario.
Proposal 3: Power imbalance in Rx side does not need additional specification efforts.
Timing difference
Another situation where signal quality may be impacted is FDM transmission where relatively large timing advance applies to IAB-MT transmission. This means that IAB-DU and IAB-MT transmissions start at different time. There is a possibility that some variation of signal quality will take place in IAB-MT transmission during the ramp up of IAB-DU transmission. However, we do not immediately see this having specification impact.
Observation 8: FDM of IAB-MT and IAB-DU transmissions may impact IAB-MT signal quality, if relatively large timing advance is applied to IAB-MT. It is not clear if there is specification impact.
Simultaneous MT TX / DU RX and MT RX / DU TX operation
The final open item for simultaneous operation of IAB-Node’s child and parent links is whether simultaneous MT TX / DU RX and MT RX / DU TX can be removed from the scenario. Our understanding is that RAN1 is not aiming to specify enhancement for this scenario, and therefore we see that also in RAN4 no specification efforts are required.
Proposal 4: No specification effort are required for simultaneous MT TX/DU RX and/or MT RX/DU TX as also RAN1 is not defining any enhancements for these scenarios.
Conclusion 
In this contribution rel-17 IAB RF requirement impact due to simultaneous operation of IAB-Node’s child and parent links was discussed. Following observations and proposals were made:
Observation 1: Isolation between beams can be expected to be guaranteed to be at most 13 dB in FR2, assuming beams are pointing in clearly different directions.
Observation 2: Same 13 dB isolation can be assumed for FR1.
Observation 3: Implementation specific beams are available for both FR1 and FR2 to improve the isolation.
Observation 4: FDM of IAB-MT and IAB-DU transmissions may impact RF performance, especially if IAB-MT transmission is power controlled.
Observation 5: With 13 dB beam isolation, different power levels of IAB-DU and IAB-MT transmissions are not problematic for signal quality. This may not be the case when transmission power capabilities are different.
Observation 6: When simultaneous IAB-MT and IAB-DU transmissions take place in DL slots and emissions are aligned with IAB-DU specifications, they do not cause co-existence issues.
Observation 7: CLI-study conclusions from TR 38.828 and in [4] need to be taken into account also for IAB deployments.
Proposal 1: During simultaneous IAB-DU and IAB-MT transmissions IAB-DU emission requirements are applied for both transmissions and relative ACLR is not required to be met for power controlled transmissions.
Proposal 2: For single beam operation minimizing throughput loss is left for implementation and no minimum requirement is specified.
Proposal 3: Power imbalance in Rx side does not need additional specification efforts.
Observation 8: FDM of IAB-MT and IAB-DU transmissions may impact IAB-MT signal quality, if relatively large timing advance is applied to IAB-MT. It is not clear if there is specification impact.
Proposal 4: No specification efforts are required for simultaneous MT TX/DU RX and/or MT RX/DU TX as also RAN1 is not defining any enhancements for these scenarios.
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