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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
 In RAN plenary #86 [1], the following objective for IAB enhancement was approved:
	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 focuses on the enhancements for simultaneous operation of DU and MT including: intra-IAB node TX/RX timing alignment to support joint transmission or reception between MT and DU, potential power control enhancements to solve the TX/RX power imbalance between MT and DU and CLI measurement and management.
[bookmark: _Ref129681832]Simultaneous operation of IAB-node’s child and parent links
Four different combinations of simultaneous operations have been identified, and this section will discuss these four scenarios in detail. The interference resulted from each scenario will be analyzed, and approaches for handling the interferences will also be discussed.
MT-TX/DU-TX
For simultaneous operation w.r.t. MT-Tx/DU-Tx, two cases can be considered:
· Case A. Simultaneous operation at the 1st hop: As shown in Fig. 1 (a), the donor node conducts uplink reception. IAB-MT in the first hop performs uplink transmission and IAB-DU performs downlink transmission simultaneously.
· Case B. Simultaneous operation at the 2nd hop: As shown in Fig. 1 (b), the donor node conducts downlink transmission. IAB-MT in the second hop performs uplink transmission and IAB-DU performs downlink transmission simultaneously.
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(a) Case A: MT-TX/DU-TX at Donor cell UL occasion
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(b) Case B: MT-TX/DU-TX at Donor cell DL occasion
Figure 1: Two typical scenarios for MT-TX/DU-TX
· Interferences
There are several different types of interferences resulted from MT Tx/DU Tx:
Interference between MT and DU: The downlink transmission by IAB-DU may cause interference in the uplink reception at the parent node, e.g. donor node in Fig.1 (a) for Case A. The interference may need to be measured by parent node DU, and then parent node can take it into account to facilitate BH uplink scheduling. The interference can also be mitigated by joint transmission or precoding at the IAB-node following new timing alignment modes. Power control mechanism are also helpful for the joint transmission.
Inter-UE interference: Typically, the neighboring gNBs and the donor node should operate with the same TDD configurations. For Case A, the DU of IAB node#1 is performing downlink transmission and the donor node is performing uplink reception. If the IAB-DU schedules downlink transmission to a legacy UE, the UE may encounter cross link interference, and the interferer may belong to the parent node (donor node) or other neighbor gNBs. For Case B, both the DU of IAB node#2 and donor node are transmitting downlink, and therefore the UE served by IAB node #2 will not be interfered by a UE from the donor node and neighboring gNBs as long as no UE is scheduled at IAB node #1 which may be reasonable assumption as discussed later.
Interference from UE to MT: In Case A, if the IAB-DU transmit downlink to a child IAB-MT, the child IAB-MT may encounter cross link interferences similar to the inter-UE interference. However, compared to the inter-UE interference, the IAB-MT has a larger antenna array and higher height, which makes the interference less severe.
Interference from MT to UE: In Case B, UEs may be interfered by IAB-MT (i.e. IAB node #2 MT in Fig.1 (b)). This case has some similarities to inter-UE interference, but the uplink transmission power of IAB-MT can be equivalent to a downlink transmission of co-located IAB-DU which means the interference level is similar to traditional downlink inter-cell interferences.
In Rel-17 IAB, one can further study the above interferences except the inter-UE interference due to the following reasons:
· Inter-UE interference has already been studied and specified in Rel-16 CLI WI.
· The management of inter-UE CLI may become quite complicated due to the amount of UEs and mobility of UEs, but interference mitigation for fixed IAB node can be relatively easier. 
It can be summarized from above that the simultaneous operation can be implemented without introducing inter-UE interferences in certain scenarios. Therefore, applying interference mitigation in these scenarios can facilitate easier deployment of IAB nodes w.r.t. simultaneous MT Tx/DU Tx.
Observation 1: There are several different types of interferences resulted from MT Tx/DU Tx:
· Interference between MT and DU
· Inter-UE interference
· Interference from UE to MT
· Interference from MT to UE
Observation 2: Inter-UE interferences can be avoided in the following scenarios:
· Implement simultaneous MT TX/DU TX at the 2nd hop
· Implement simultaneous MT TX/DU TX between parent BH link and child BH link for IAB-node 
· Timing alignment
As previously mentioned, joint precoding or transmission can alleviate the interference between MT and DU especially when there is not sufficient isolation between MT and DU. To enable joint transmission, intra-node transmission timing alignment is required. Since the DU DL Tx timing needs to be aligned to achieve inter-cell synchronization, Case #6 timing, which adjusts MT UL Tx timing, was discussed in Rel-16 SI.
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Figure 2: Case #6 timing mode for transmission timing alignment
When an IAB-MT adopts Case#6 UL Tx timing, its parent node may need a different reception timing from its normal uplink receptions. Therefore, the parent node may not be able to schedule a IAB-MT with Case#6 UL Tx timing and IAB-MT/UEs with legacy UL Tx timing simultaneously. However, enabling simultaneous MT Tx/DU Tx can bring backhaul link backhaul link capacity enhancement compared to TDM case wherein the link cannot be used at all. Moreover, the parent node does not always need to receive multiple uplink transmissions at one occasion. For example, when the traffic load of parent node is low, the parent node can schedule the IAB-MT alone, and Case #6 timing can be used without negative impact. 
Observation 3: Case #6 timing mode can achieve transmission timing alignment, which facilitates joint transmission of child and parent links of IAB node and mitigates the interference between MT and DU.
Proposal 1: Case #6 timing should be supported to mitigate interference in MT Tx/DU Tx scenario.
· Power control
When the MT and DU transmit simultaneously in one node, the power gap between the MT signal and DU signal cannot be too large, otherwise the quality of weaker signal cannot be guaranteed. For example, when the MT and DU signals are FDM, the out-band emission of the stronger signal may degrade the EVM of the weaker signal dramatically as shown in Figure 3. Without proper signal quality, the link-level performance can be ensured. To reduce the power gap, the uplink power control of MT or the downlink power control of DU can be considered.
[image: ] 
Figure 3: The transmission power gap between MT and DU in SDM/FDM mode
Observation 4：Transmission power gap may degrade the quality of the weaker signal, and this may be mitigated by uplink power control of MT or the downlink power control of DU.
MT-RX/DU-RX
For simultaneous operation w.r.t. MT-Rx/DU-Rx, two cases can be considered:
· Case A. Simultaneous operation at the 1st hop: As shown in Fig. 4 (a), the donor node conducts downlink transmission. The IAB-MT in the first hop performs downlink reception and IAB-DU performs UL reception simultaneously.
· Case B. Simultaneous operation at the 2nd hop: As shown in Fig. 4 (b), the donor node conducts uplink reception. The IAB-MT in the second hop performs downlink reception and IAB-DU performs uplink reception simultaneously.
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a) Case A: MT-RX/DU-RX at Donor cell DL occasion 
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b) Case B: MT-RX/DU-RX at Donor cell UL occasion 
Figure 4: Two typical scenarios for MT-RX/DU-RX
· Interferences
There are several different types of interferences resulted from MT-Rx/DU-Rx:
Interference between MT and DU: For IAB node conducting simultaneously reception, its MT may receive interference which was intended for its co-located DU, and vice versa. This kind of interference between MT and DU can be mitigated by implementation, such as interference rejection combining. However, those advanced receiver algorithms based on synchronized receiving assumption would require timing alignment. Besides, enhanced power control mechanism may be required to improve the performance.
Inter-UE interference: Typically, the neighboring gNBs and the donor node should operate with the same TDD configurations. For Case A, the IAB node #1 DU may schedule UEs for simultaneous reception together with its co-located MT. However, UEs served by donor node DU may be interfered by UEs scheduled by IAB node #1.
Interference from MT to UE: In Case A, UEs may be interfered by IAB-MT (i.e. IAB node #2 MT in Fig.4 (a)). 
Interference from UE to MT: To enable MT-RX/DU-RX at 2nd hop as in Case B, IAB-MT must be receiving DL on parent link and this may occur when the other nodes are conduct UL reception. As a result, UEs in neighbor cells may cause interference to IAB node MT.
In summary, the four types of interference are similar to the MT-TX/DU-TX scenario. If simultaneous reception is implemented at the 2nd hop, the cross link interference issues seems more manageable, i.e. less UE-to-UE interference need to be handled. 
· Timing alignment
To mitigate intra-node interference for MT-RX/DU-RX, aligning the receiving time is useful. According to Rel-16 IAB SI, Case #7 is for reception timing alignment. It should be noted that the uplink reception timing of IAB node DU is ahead of the downlink transmission timing of DU by Tg, and the downlink reception timing of IAB node MT is behind of the downlink transmission timing of DU by Tp, where Tp is the propagation delay of the parent backhaul link. Therefore, the uplink reception timing of IAB node DU is ahead of the downlink reception timing of IAB node MT by Tg+Tp.
Typically, both Tg and Tp are positive; therefore, it is impossible to achieve slot-level alignment by letting Tg+Tp=0. To solve the problem, timing alignment with symbol-level offset can be adopted. To be specific, the IAB node can let Tg+Tp=Td to achieve reception timing alignment, where Td is the symbol duration. 
From the perspective of IAB node DU, it can be observed from above discussion and Figure 5 that the main different between Case #7 and the ordinary uplink reception is that there is a constraint on the value of Tg for Case #7 timing mode.
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Figure 5: Case #7 timing mode for reception timing alignment
When reception timing alignment between MT and DU is achieved, advanced receiver algorithms with joint reception of the parent and child links are possible. For example, the IAB node may perform MMSE or some other advanced techniques to reject the mutual interference.
Observation 5: Case #7 timing mode can achieve symbol-level timing alignment, which facilitates joint reception of child and parent links of IAB node.
Proposal 2: Case #7 timing need to be supported for IAB to enabling better interference mitigation for simultaneous reception.
· Power control
For the case of simultaneous reception of MT and DU, the reception power gap between two links should not be too large, otherwise the IAB node may not be able to detect the weaker signal successfully. For example, the backhaul link usually has higher reception power because of the well planned deployment and higher transmission power of parent DU; therefore, the backhaul link may has much higher reception power than access link, such gap may cause performance degradation. To reduce the power gap, downlink power limitation for MT receiving can be considered. However, downlink transmission power is controlled by gNB as implementation. The potential impact to network performance should also be taken into account when discussing downlink power limitation. As another alternative, the UL power can be increased and similarly the potential impact of increased interference should be considered. 
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Figure 6: Receiving power imbalance issue for MT-RX/DU-RX case
Observation 6: Reception power gap may lead to performance deterioration of the link with lower reception power, and the gap can be reduced by power control.
MT-TX/DU-RX
In this case (full-duplex), IAB-DU is performing UL reception while co-located MT is performing UL transmission. In this case, the potential issue is DU may be interfered by MT’s uplink transmission on the backhaul link. 
· Interferences
Self-interference: Self-interference is the major issue which may cause performance degradation. Due to the leakage or reflection, MT’s transmitted signal may arrive along with UL signal of co-located DU.
[image: ]
Figure 7: The UL full duplex scenario (MT-TX/DU-RX)
Observation 7: For full-duplex uplink transmission at IAB node, IAB MT uplink transmission may cause self-interference at IAB DU uplink reception. 
· Timing alignment
To mitigate the self-interference, it is beneficial if the interference signal and wanted signals can arrive at receiver in a synchronized manner. This is similar to Case #7 timing for the MT-RX/DU-RX scenario. Therefore, a Case #7-like solution can be considered. By applying timing adjustment at the full duplex transmission occasion and make the interference signal and useful signal arriving at the same time, then the interference cancelation implementation may be easier. 
[image: ]
Figure 8: Timing alignment for SI and UL arriving signal for MT-TX/DU-RX
Observation 8: Full duplex operation may require timing adjustment to allow interference cancellation and decrease implementation complexity.
Proposal 3: A Case #7-like timing mode can be adopted to enhance self-interference cancelation in UL full-duplex.
· Power control
The MT-TX/DU-RX case is a full-duplex scenario wherein the IAB-DU is receiving UL while co-located MT is transmit UL. In this case, the potential issue is DU may be interfered by MT’s uplink transmission on the backhaul link, i.e. self-interference. The IAB node may have to implement self-interference mitigation. However, if the power gap between the self-interference and the desired reception signal is too large, the IAB node may not be able to cancel the interference effectively and residual interferences have severe impact on performance. 
Observation 9: For uplink full-duplex, IAB node may not be able to cancel the self-interference if the power gap between the interference and desired signals is too large, and the power gap can be reduced power control of MT.
MT-RX/DU-TX
In this full-duplex case, IAB-MT is receiving DL on backhaul link while its co-located DU is performing DL transmission. 
· Interferences
Self-interference: Similar to uplink full-duplexing, in this case, the downlink transmission may interfere MT reception and this self-interference leads to backhaul receiving performance degradation. 
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Figure 9: The DL full duplex scenario (MT-RX/DU-TX)
Observation 10: The interference from IAB DU downlink transmission to IAB MT downlink reception may cause performance degradation on the backhaul link.
· Timing requirement
In this case, the general Case #1 timing for TDD system can be adopted. As for TDD system, 3μs inter-node timing error should be guaranteed. Although the self-interference from DU DL transmission may arrive earlier than MT DL reception on backhaul link (due to the propagation delay), the DL transmission timing cannot be easily adjusted. 
· Power control
Similar to uplink full-duplexing, the IAB node may not be able to cancel the self-interference if the power gap between the interference and desired signals is too large. In this case, the power of the self-interference is not only depends on the IAB node’s DU transmission power, but also the reception power of IAB MT which is actually depends on parent node’s DU transmission power.
[image: ]
Figure 10: Large power imbalance lead to high self-interference impact
Observation 11: For downlink full-duplex, IAB node may not be able to cancel the self-interference if the power gap between the interference and desired signals is too large, and the power gap can be reduced by decreasing DU transmission power which is an implementation issue.
As analyzed in subsection 2.2, appropriate power control mechanism can help improve the UL reception performance of IAB for MT-RX/DU-RX case. To eliminate receiving power gap at IAB node as in Figure 6, two options can be considered: IAB DU schedule UE with higher transmission power which could be implementation, or alternatively, IAB MT may request its parent node to reduce transmission power. 
For the MT-RX/DU-TX case, similar to simultaneous reception, two possible options can be considered: IAB node DU can reduce its transmission power, or IAB-MT may request to its parent node to increase the UL transmission power. 
For both cases, the power control on DU does not require any inter-node signaling and can be achieved by implementation. However, the power control on MT regardless of DL/UL have impact to its parent node. Thus, the discussion on power control should be focused on the potential signaling or mechanisms for IAB MT.
Proposal 4: Enhancements on power control should focus on IAB MT.
Inter-multiplexing chain interference
In section 2, different types of interferences are analyzed for simultaneous operation. Except the inter-UE interference, all interferences discussed in Section 2 involve MT and DU are intra-multiplexing chain interferences, i.e. interference between two links within one node. They can be handled by timing alignment and power control. However, with simultaneous operation, there are also interferences between links which are not in the same node. This type of interference is referred to as inter-multiplexing chain interference hereafter.
[bookmark: _GoBack][image: ]             [image: ]
      Case 1:  CLI from MT to MT                Case2: CLI from DU to MT
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Case 3: CLI from MT to DU                 Case 4: CLI from DU to DU
Figure 11: Inter-multiplexing chain interference illustration
As shown in Figure 11, there are four typical scenarios for inter-multiplexing chain interference, including interference from MT to DU, from DU to MT, from MT to MT and from DU to DU. For the DU-to-MT or MT-to-DU CLI, they are have some similarity to traditional inter-cell interference; however, different from access UEs, IAB nodes are usually fix deployed. And their backhaul link may be relative stable, e.g. the interference come from certain directions. Thus the interference from other node’s MT or DU can be measured and effectively managed. 
Observation 12: Different from conventional CLI scenarios including BS-BS and UE-UE interference, the interference from IAB backhaul link is relative stable and can be well managed.
Moreover, IAB MT may have better RF capabilities than UEs, e.g. larger maximum output power and better receiver sensitivity. Different from access UEs, the interference in some cases cannot be ignored. What’s more, the interference to backhaul link has much larger impact compare to a UE’s link. A backhaul link aggregate many UE’s traffic and interference to backhaul link brings huge performance loss. Especially for enabling SDM/FDM transmission. For instance, in the case of MT Rx and DU Rx, due to the parent node have high transmission power and usually good propagation condition (planned site location with LOS channel assumption), backhaul DL receiving power may interfere access UL received signal.
Proposal 5: Enhancements on CLI to support the simultaneous operation of IAB MT and DU including inter-multiplexing chain scenarios, at least should consider 
· Interference measurement 
· Interference coordination/management
Inter-multiplexing chain interference measurement may be based on either UL or DL reference signals. From receiver point of view, interference may happen when MT is receiving DL or DU is receiving UL. Considering the different types of interferences, interference sources and victims (MT and DU), case-specific configuration, measurement and coordination mechanisms are rather complex and require much specification efforts. 
Since IAB node is essentially one type of network node with characteristics similar or the same to a BS, the transmission signal, no matter transmitted by MT or DU, is similar to downlink signals. Hence, for CLI among IAB nodes, all signal transmission for interference measurement can be treated as DU transmission. In current specification, interference measurement mechanisms was defined for UEs. IAB MT has similarities to UE and it can receive configurations and perform measurement.  Hence, for IAB CLI, all interference measurement can be performed by MT. Therefore, a unified CLI measurement and management framework can be adopted in IAB, e.g. mechanism based on signal transmitted by DU and measured by MT.
Proposal 6: To handle various types of interference, regardless of interference source is MT or DU, a unified CLI measurement and management framework can be adopted in IAB.

Conclusions
In this paper, we observed:
Observation 1: There are several different types of interferences resulted from MT Tx/DU Tx:
· Interference between MT and DU
· Inter-UE interference
· Interference from MT to UE
· Interference from MT to UE
Observation 2: Inter-UE interferences can be avoided in the following scenarios:
· Implement simultaneous TX/RX at 2nd hop
· Implement simultaneous MT TX/DU TX between parent BH link and child BH link for IAB-node 
Observation 3: Case #6 timing mode can achieve transmission timing alignment, which facilitates joint transmission of child and parent links of IAB node and mitigates the interference between MT and DU.
Observation 4：Transmission power gap may degrade the quality of the weaker signal, and this may be mitigated by uplink power control of MT or the downlink power control of DU.
Observation 5: Case #7 timing mode can achieve symbol-level timing alignment, which facilitates joint reception of child and parent links of IAB node.
Observation 6: Reception power gap may lead to performance deterioration of the link with lower reception power, and the gap can be reduced by power control.
Observation 7: For full-duplex uplink transmission at IAB node, IAB MT uplink transmission may cause self-interference at IAB DU uplink reception. 
Observation 8: Full duplex operation may require timing adjustment to allow interference cancellation and decrease implementation complexity.
Observation 9: For uplink full-duplex, IAB node may not be able to cancel the self-interference if the power gap between the interference and desired signals is too large, and the power gap can be reduced power control of MT.
Observation 10: The interference from IAB DU downlink transmission to IAB MT downlink reception may cause performance degradation on the backhaul link.
Observation 11: For downlink full-duplex, IAB node may not be able to cancel the self-interference if the power gap between the interference and desired signals is too large, and the power gap can be reduced by decreasing DU transmission power which is an implementation issue.
Observation 12: Different from conventional CLI scenarios including BS-BS and UE-UE interference, the interference from IAB backhaul link is relative stable and can be well managed.
We propose that:
Proposal 1: Case #6 timing should be supported to mitigate interference in MT Tx/DU Tx scenario.
Proposal 2: Case #7 timing need to be supported for IAB to enabling better interference mitigation for simultaneous reception.
Proposal 3: A Case #7-like timing mode can be adopted to enhance self-interference cancelation in UL full-duplex.
Proposal 4: Enhancements on power control should focus on IAB MT.
Proposal 5: Enhancements on CLI to support the simultaneous operation of IAB MT and DU including inter-multiplexing chain scenarios, at least should consider 
· Interference measurement 
· Interference coordination/management
Proposal 6: To handle various types of interference, regardless of interference source is MT or DU, a unified CLI measurement and management framework can be adopted in IAB.
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