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1. Introduction 
In RAN#86 meeting [1], the work item of IAB enhancements focusing on the SDM/FDM resource multiplexing and the extended operations of simultaneous transmission and reception was agreed. 
In RAN1#102-e meeting, due to the limited time schedule, the discussion focused on the first sub-agenda. For discussions on other enhancements for simultaneous operation of IAB-node’s child and parent links, the following agreement regarding the timing mode to support simultaneous operation was made [2]:

	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)


In this contribution, we first provide our views on the remaining issue of timing modes, then we discuss the potential enhancements on the DL/UL power control and interference measurements to support the simultaneous operations (transmission and/or reception). 

2. Discussion on the enhancements for simultaneous operation
2.1 Discussion on timing modes
In RAN1#102-e meeting, it was agreed that Case 6 timing is supported for multiplexing Case A (simultaneous MT-Tx/DU-Tx), Case 7 timing is supported for multiplexing Case B (simultaneous MT-Rx/DU-Rx), and whether Case 7 timing is supported for multiplexing Case D (simultaneous MT-Tx/DU-Rx) is FFS. In the following, we discuss further details and potential issues for Case 6 and Case 7 timing, and provide our views on the remaining FFS point.
Case 6 timing
For Case 6 timing, downlink transmission synchronization at IAB donor and IAB nodes can be achieved, as indicated by DL Tx (n), DL Tx (n+1) and DL Tx (n+2) in Figure 1. Each IAB node MT transmission timing is always aligned with frame boundary irrespective of the IAB topology.
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Figure 1. Illustration of Case 6 timing within an IAB node
It should be noted that there are several potential issues that should be considered, if Case 6 timing is adopted. First, since the UL Tx timing needs to be aligned with the DL Tx timing, when multiple child nodes supporting Case 6 timing are scheduled in the same occasion, symbol-level UL reception alignment at IAB node cannot be ensured. If the misalignment of the UL reception timing from two child nodes cannot be covered within the CP, it will cause possible interference and further degrade the system performance. 
Observation 1: When multiple child nodes supporting Case 6 timing are scheduled in the same occasion, the UL reception timing at the IAB node may not be aligned. The misalignment that cannot be covered by the CP will cause performance degradation.
On the other hand, when the IAB node schedules a legacy UE and a child IAB node that supporting Case 6 timing is scheduled at the same time, under some specific cases, it will have potential impact on the TA of legacy UEs. To be specific, when the propagation delay of the UE is twice larger than that of the child IAB node, a negative TA is required for the UE.
Observation 2: When a legacy UE is scheduled with a child node supporting Case 6 in the same occasion, of which the propagation delay is twice larger than that of the child node, negative TA should be introduced to the UE.
For the first issue, the IAB node needs to be aware of the propagation delay of each child node for determining a reasonable UL reception timing. Note that the IAB node is deployed by the operator, therefore, the Case 6 timing can be operated based on the deployment scenario and implementation. For the second issue, one simple solution is to schedule legacy UEs and child IAB nodes in a TDM manner. Note that the operation of the Case 6 timing can be totally under the control of the parent node.
Proposal 1: The support of the Case 6 timing should be controlled by the parent node.
Case 7 timing
From Figure 2, it is apparent that case #7 can achieve synchronization among network nodes. Symbol alignment during UL reception at the IAB node can be ensured by UL scheduling. To be specific, there are two methods to achieve the alignment. One is the slot-level alignment, where the starting points of the MT DL slot and DU UL slot are aligned. In such a case, the TA value indicated to its child node may be negative, therefore, TA enhancement to introduce negative TA should be considered if case #7 is adopted. The other method is the symbol-level alignment, where the starting points of the MT DL symbol and DU UL symbol are aligned, while the starting point of the DU UL slot is ahead of that of the MT DL slot. In such a case, the current TA mechanism can be reused.
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Figure 2. Illustration of case #7 timing within an IAB node

Observation 3: Either slot-level alignment or symbol-level alignment can be used for supporting Case 7 timing. For the slot-level alignment, negative TA should be introduced. For the symbol-level alignment, the current TA mechanism can be reused.
Proposal 2: The following solutions can be considered to achieve the alignment to support Case 7 timing:
· Alt 1: Introduce negative TA for IAB nodes to achieve the slot-level alignment of the MT DL and DU UL timing;

· Alt 2: Reuse the current TA mechanism, symbol-level alignment of the MT DL and DU UL timing is applied 

In addition, in the last meeting, whether Case 7 timing is supported in Rel-17 for IAB-nodes operating in multiplexing scenario Case D (simultaneous MT-Tx/DU-Rx) was left for FFS. In our view, even in the last meeting, only multi-panel IAB nodes operating in unpaired spectrum was agreed, it cannot ensure that the multiple panels are able to operate with enough spatial isolation; therefore, certain timing mode should be further considered to support simultaneous operation in Case D. 
In our view, the motivation of the above proposal is to facilitate the self-interference cancellation. In other words, the signals transmitted by the MT can be treated as that received by the DU without any delay, which means the simultaneous reception of the MT’s self-interference to the DU and the DU’s own reception. On the other hand, opponents shared the concern that introducing Case 7 timing for multiplexing scenario Case D causes confusion, since in the TR, the exact definition of Case 7 timing is to align the reception timing of the MT and DU. To support the simultaneous operation for Case D, it is apparent that proper timing mode should be defined to facilitate the self-interference cancellation, we are fine to either defining a new timing mode, which is simultaneous MT-Tx and DU-Rx, or to enhance the definition of Case 7 timing, so that it is common to both Case B and Case D.
Proposal 3: Timing mode should be defined (either a new timing mode or an enhanced Case 7 timing) to facilitate the simultaneous operation of MT-Tx and DU-Rx.
2.2 Discussion on power control
In the last meeting, four multiplexing cases were agreed for the R17 IAB WI scope [2]:

	Agreement

· Based on the WID, the following multiplexing cases are in scope for potential support in Rel-17:

· Multiplexing Case A: Simultaneous MT-Tx/DU-Tx 

· Multiplexing Case B: Simultaneous MT-Rx/DU-Rx 

· Multiplexing Case C: Simultaneous MT-Rx/DU-Tx 

· Multiplexing Case D: Simultaneous MT-Tx/DU-Rx 

· Further study for for Case A and Case B at least the following scenarios:

· Single or multi-panel IAB nodes operating in unpaired spectrum (FR1 and FR2 bands)

· Further study for Case C and Case D at least for the following scenarios:

· Multi-panel IAB nodes operating in unpaired spectrum (FR1 and FR2 bands) 
· FFS: Required level of specification impact to support the different cases. Any additional specification support in Rel-17 should be conditioned on feasibility from an interference and reliability perspective on a per-link and network basis


Both Case A and Case B require transmit power adjustments. In Case A, IAB-MT transmits in uplink with power control. The IAB-DU will transmit in downlink in a constant power spectrum density. Commonly, the transmit power in downlink could be much higher than that in uplink. If both behaviour happens in the same RF unit but occupying different portion of band, the high power level transmission will induce interference to the low power part, namely the power imbalance. 
In Case B, the IAB-MT receives the downlink power from the parent node and the IAB-DU receives the transmit power from the child node in a power controlled manner. From the point of IAB, the received power from parent node could be much higher than that of child node. And the higher received power could block the lower power signal due to the adjustment of AGC. Once the uplink and downlink signals are received by different panels, which do not have the AGC issues, the high power level downlink transmission will also interfere the uplink reception of IAB-DU.
Another aspect is from the simultaneous transmission and reception in Case C and Case D. The interference from the other part of IAB is always an issue to considered. But the interference level may be different in Case C and Case D. In Case C, IAB-MT will be interfered by the IAB-DU downlink transmission, which traditionally do not have any power control and the transmit power could be very high. In Case D, the IAB-DU reception will be interfered by the IAB-MT uplink and the uplink transmission has the power control function and the power level could be low. 

Proposal 4: The power control should be enhanced for both uplink and downlink considering the issue of transmit power imbalance, signal blockage due to AGC and interference of simultaneous transmission and reception. 
2.3 Discussion on interference management
Simultaneous transmission and reception at one IAB (Case B and Case C) provide more flexibility and high efficiency of transmission. But it has one decisive prerequisite, the transmission from one part (either MT or DU) should not interfere the reception of the other part. This induce a higher requirement than Case A and Case D.
Firstly, from the point of hardware, at least two panels should be equipped for the IAB to support this function. The isolation between the two panels should be required to prevent the direct radiation from one panel to the other. Secondly, the interference measurement scheme should be introduced to prevent the interference through the reflection from the surround building or objects. The operation of beam forming could concentrate the energy in one direction and reduce the unwanted energy radiation from the side lobe, but it cannot prevent the interference from the reflections. Since the surrounding environment is uncertain, the measurement to prevent the self-impulse interference is important.
Proposal 5: The measurement to prevent the self-impulse interference in simultaneous transmission and reception of IAB should be discussed and introduced.

The cross link interference was discussed in Rel-15 and 16. The focus in mainly on the UE side’s interference detection. Once different uplink and downlink configuration were introduced in the IAB scenario, IAB-MT will face a similar situation. The conclusion from the CLI study could be a starting point. The solution to avoid or to mitigation the interference, both the crosslink and the self-impulse, may not be necessary to discussed in this work item. 
3. Conclusions

In this contribution, the IAB timing modes, extension of DL/UL power control and the interference measurements to support the simultaneous operations (transmission and/or reception) are discussed. The following observations and proposals are made:
Observation 1: When multiple child nodes supporting Case 6 timing are scheduled in the same occasion, the UL reception timing at the IAB node may not be aligned. The misalignment that cannot be covered by the CP will cause performance degradation.
Observation 2: When a legacy UE is scheduled with a child node supporting Case 6 in the same occasion, of which the propagation delay is twice larger than that of the child node, negative TA should be introduced to the UE.
Observation 3: Either slot-level alignment or symbol-level alignment can be used for supporting Case 7 timing. For the slot-level alignment, negative TA should be introduced. For the symbol-level alignment, the current TA mechanism can be reused.

Proposal 1: The support of the Case 6 timing should be controlled by the parent node.
Proposal 2: The following solutions can be considered to achieve the alignment to support Case 7 timing:

· Alt 1: Introduce negative TA for IAB nodes to achieve the slot-level alignment of the MT DL and DU UL timing;

· Alt 2: Reuse the current TA mechanism, symbol-level alignment of the MT DL and DU UL timing is applied 
Proposal 3: Timing mode should be defined (either a new timing mode or an enhanced Case 7 timing) to facilitate the simultaneous operation of MT-Tx and DU-Rx.
Proposal 4: The power control should be enhanced for both uplink and downlink considering the issue of transmit power imbalance, signal blockage due to AGC and interference of simultaneous transmission and reception. 
Proposal 5: The measurement to prevent the self-impulse interference in simultaneous transmission and reception of IAB should be discussed and introduced.
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