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Introduction
As part of the Rel-17 Work Item on Enhancements for Integrated Access and Backhaul for NR [1], 3GPP has agreed to the following RAN1 led objectives:
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.

This contribution discusses the potential physical layer enhancements to support simultaneous operation of child and parent links including CLI measurements, timing alignment, and power control.
Physical Layer Enhancements for IAB
An example of a network with integrated access and backhaul links is shown in Figure 1 below. 
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Figure 1: Integrated access and backhaul links 
In Rel-16, for in-band operation IAB nodes are assumed to operate with a half-duplex constraint and operate in a TDM manner when multiplexing the resources of the IAB-DU and IAB-MT, which means they can only do the following at any given time:
1. Receive on the access link (UE to IAB node) and/or backhaul link (IAB node to IAB node) 
2. Transmit on the access link and/or backhaul link 

However, in Rel-17 two new scenarios are considered in RAN1 to support more efficient access and backhaul link multiplexing: 1) spatial division multiplexing (SDM) and 2) multi-panel transmission/reception (MPTR) which are illustrated in Figure 2.
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Figure 2: SDM and MPTR Rel-17 IAB Scenarios
The remaining sections of this document focus on solutions for IAB to enable efficient management of interference in the context of Rel-16 and new Rel-17 scenarios.

Cross-link Interference Considerations
The frame structure in IAB adapts to the DL and UL traffic, such that dynamic resource allocation on the backhaul and access links is achieved. This dynamic TDD structure introduces DU-DU and MT-MT cross link interference (CLI), which hinders the performance of IAB and requires measurement and mitigation. Depending on the frame structure design for IAB, CLI can be for example mitigated by semi-statically reserving resource blocks for backhaul transmissions, or through graph-coloring based techniques. 

As we strive to consider and identify effective interference mitigation and cancellation schemes for CLI, it is important to similarly consider different categories of interference measurements as enablers for such schemes. Interference measurements can also be categorized in terms of complexity, overhead and effectiveness. Such categories can include long-term (e.g. L3) or short-term measurements (e.g. L1/L2), multi-antenna or single antenna, wideband versus narrowband. 

Another important aspect of CLI measurements is what the measurements actually consist of, in terms of content. If CLI is simply indicated by the measured power or there are more sophisticated measurement metrics provided in the CLI. In addition to the interference power, CLI measurement can include components such as load information, angle of arrival measurements, and multi-antenna based measurements. Load measurement is a critical entity that determines effective CLI, in addition to coupling. This is especially important in a dynamic interference environment such as IAB. Differential Angle of arrival measurements also allows mitigating interference relative to the receiver antenna panel. Furthermore, including multi-antenna processing related information allows a better assessment and indication of the effective CLI, as it takes into account the use of beamforming techniques at the transmitter and receiver that alters the effect of CLI. 

Proposal 1: DU-DU and MT-MT CLI measurements such as short-term (L1/L2) and long term (L3) measurements, multiple antenna and beamforming based measurements should be studied to enable CLI mitigation in IAB.

In the context of multi-panel Tx/Rx panel operations for IAB, the impact of cross-link interference on access and backhaul links is even more pronounced. In fact, CLI mitigation techniques need to manage inter IAB node interference scenarios where IAB nodes are both interfering, and victim nodes as depicted in Figure 3. 
Figure 3: CLI interference case 3 with MPTRx where both IAB nodes are victims and aggressors
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In another CLI case, MPTRx further affects the access UE, in addition to the IAB MT as shown in Figure 4.  
Figure 4: CLI interference case 1 with MPTRx where both IAB node and access UE are victims
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CLI interference mitigation techniques should subsequently take into account the new CLI scenarios arising with MPTRx, ensuring that access UEs are not impacted by the different multiplexing alternatives. Thus we propose that CLI mitigation in Rel. 17 considers whether enhancements are needed to the CLI UE-UE measurement framework in Rel. 16, in addition to introducing DU-DU CLI measurements, be it intra or inter-CU.
Proposal 2: Specify, if needed, enhancements to UE-UE Rel. 16 CLI measurement framework.
Proposal 3: Specify DU-DU CLI measurements techniques to enable CLI mitigation for IAB.

Timing Alignment and Over-the-Air Synchronization
One of the key requirements of NR when operating in TDD band is the synchronization and symbol level alignment of the DL across all the DUs. For IAB, the IAB-DUs do not have any wired backhaul, therefore they must derive their timing synchronization over the air. It is possible for IAB nodes to achieve this over the air-multi hop synchronization using GNSS or by using the MAC CE based T_delta signaling introduced in Rel-16.
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Figure 5: IAB Case 1 timing over multiple hops
Shown in the Figure 3 above is a typical Case 1 timing relationship between the backhaul subframes which is between the IAB-MT function of an IAB node and its parent, relative to the access subframe between which is between the DU of an IAB node and its child or a UE. As mentioned before the access subframe DL needs to be symbol level and slot level aligned across all DUs. However the backhaul subframe as seen by the IAB-MT function of the IAB node has the DL and UL shifted due to the propagation delays. However the IAB node IAB node function is aware of this shift since the timing advance is provided to the IAB-MT explicitly, so the timing advance can be used by the IAB node to align its DL access subframes. 

While Case 1 timing is sufficient for access links and TDM-only IAB nodes, it is not optimized for SDM or MPTR scenarios introduced in Rel-17. In order to support simultaneous operation of the access and backhaul links, additional guard symbols would need to be introduced to avoid cases where the IAB-DU or IAB-MT timing overlaps a symbol or slot boundary. If instead Case 6 or Case 7 timing are used to align the reception and transmission timing of the IAB node respectively, the overhead of the guard symbols could be reduced or avoided altogether. As a result, in RAN1#103-e the following agreements were reached:

[bookmark: _Hlk49269411]Agreement
· Case 7 timing is supported in Rel-17 for IAB-nodes operating in multiplexing scenario Case 2 (simultaneous MT-Rx/DU-Rx)
· Case 6 timing is supported in Rel-17 for IAB-nodes operating in multiplexing scenario Case 1 (simultaneous MT-Tx/DU-Tx)
· RAN1 should strive to minimize specification impact due to this feature
· FFS: Whether Case 7 timing is supported in Rel-17 for IAB-nodes operating in multiplexing scenario Case 4 (simultaneous MT-Tx/DU-Rx)


However in order to ensure backwards compatibility and avoid impact on access links and TDM-only IAB nodes, Case 1 timing should remain the default mechanism for timing alignment. As result, if new timing alignment mechanisms are specified in Rel-17 (e.g. Case 6/7) should only be used in resources which are orthogonal from those used by access or TDM-only backhaul links.
 
Proposal 4: Case 6 and Case 7 timing is only applied in resources which are orthogonal from those used by access or TDM-only backhaul links.

Power Control Considerations
As discussed in Section 2, when SDM/MPTR scenarios are supported, compared to TDM with a half-duplex constraint, multiplexing access and backhaul DL/UL transmissions and receptions makes power control an important consideration. In NR transmit and receive power levels of DL channels and UL channels can be very different. For example when the PHY is in receive mode then it must receive the backhaul DL transmission and the access UL transmission at the same time. These two could be MPTR or SDM. However, in this case the DL backhaul transmission is performed by the IAB-DU of the parent node whereas the UL access transmission is performed by a IAB-MT of a child node or a UE. Therefore the EIRP of DL transmission is typically much higher than the EIRP of the UL transmission. Moreover in NR the UL transmissions are power controlled whereas DL transmissions are not. This implies that the backhaul DL and access UL will arrive at the receiver at very different levels as shown in Figure 4. A similar problem happens during the transmit stage when the backhaul PUSCH and access PDSCH are SDM/MPTR. A similar problem in the different power level between the IAB-MT PHY and the IAB-DU PHY exists. 

If the hardware is shared between the IAB-MT and IAB-DU (e.g. same panel or same RF chain) then such a receiver PSD difference can cause significant problem. The higher PSD of the DL backhaul will likely set the AGC which implies that the UL access signal will fall well below the level set by AGC, which would impact the SINR and therefore the overall throughput of the access transmission. 

In order to support SDM/MPTR using the same RF (e.g. intra panel) it is very critical to consider enhancements to the power control mechanism for IAB.
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Figure 6: Power spectral density difference at the receiver for backhaul and access link
Proposal 5: DL and UL power control enhancements should be supported to allow for inter- and intra-panel SDM/MPTR of backhaul and access links.


Conclusion
This contribution analyzed potential physical layer enhancements for IAB to manage interference under different multiplexing scenarios. The following proposals were made:
Proposal 1: DU-DU and MT-MT CLI measurements such as short-term (L1/L2) and long term (L3) measurements, multiple antenna and beamforming based measurements should be studied to enable CLI mitigation in IAB.
Proposal 2: Specify, if needed, enhancements to UE-UE Rel. 16 CLI measurement framework.
Proposal 3: Specify DU-DU CLI measurements techniques to enable CLI mitigation for IAB.
Proposal 4: Case 6 and Case 7 timing is only applied in resources which are orthogonal from those used by access or TDM-only backhaul links.
Proposal 5: DL and UL power control enhancements should be supported to allow for inter- and intra-panel SDM/MPTR of backhaul and access links.
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