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1. Introduction 
In RAN#86 meeting [1], it was agreed that the work item of IAB enhancements focusing on the SDM/FDM resource multiplexing and the extended operations of simultaneous transmission and reception. 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. 

2. Discussion on the operations to support simultaneous transmission and/or reception
In the WID [1], four cases have been identified for the simultaneous operation (transmission and/or reception) of IAB’s child and parent link, which is illustrated in Figure 1. Beyond the SDM and FDM transmission and receptions, simultaneous transmission and reception are also included. Simultaneous transmissions/receptions (case #1 and #4) require adaptation of transmitting and receiving timing. In addition, simultaneous transmission/reception in both downlink and uplink (case #1 and #4) requires transmit power adjustments to prevent the power imbalance issue. Simultaneous transmission and reception (case #2 and #3) requires interference detection and isolations to prevent the self-impulse interference. 
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Fiugre 1. 4 cases of the simultaneous operaitons
IAB-node timing modes
During the study item in Rel-16, multiple timing modes have been discussed. And during the work item in Rel-16, the Case #1 timing for TDM resource multiplexing was agreed. Case #6 and case #7 timing introduce additional alignment requirements to facilitate the SDM/FDM transmission. The definition of case #6 and case #7 timing are list as below [2],
· Case #6 (Case#1 DL transmission timing + Case #2 UL transmission timing):

· The DL transmission timing for all IAB-nodes is aligned with the parent IAB-node or donor DL timing;

· The UL transmission timing of an IAB-node can be aligned with the IAB-node's DL transmission timing.

· Case #7 (Case#1 DL transmission timing + Case #3 UL reception timing):

· The DL transmission timing for all IAB-nodes is aligned with the parent IAB-node or donor DL timing;

· The UL reception timing of an IAB-node can be aligned with the IAB-node's DL reception timing;

In the following, we briefly discuss the pros and cons of case #6 and case #7:
Case #6 (Case #1 DL transmission timing + Case #2 UL transmission timing):
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Figure 2. Illustration of case#6 timing within an IAB node

For case #6, 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 2. Each IAB node MT function transmission timing is always aligned with frame boundary irrespective of the IAB topology.
However, since the UL Tx timing needs to be aligned with the DL Tx timing, symbol-level UL reception alignment at IAB node cannot be ensured. IAB node needs to be aware of the TP of each child node for determining the UL reception timing individually, leading to more complex implementation at IAB node. In this case, the TA is always half of the round-trip propagation delay between the mother node and child node. No spec enhancement is needed for TA, rather the mother node should compensate for this change by its own implementation.

· Case #7 (Case #1 DL transmission timing + Case #3 UL reception timing):
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Figure 3. Illustration of case #7 timing within an IAB node
From Figure 3, 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. The TA value indicated to its child node may be negative, therefore, TA enhancement should be considered if case #7 is adopted.
From the above analysis, it is noted that both case #6 and case #7 can ensure the network synchronization, considering that symbol-level alignment at IAB node cannot be ensured at case#6, case#7 is slightly preferred.
Proposal 1:

The case #6 and case #7 could be a starting point for the discussion for the IAB timing mode under the simultaneous operation of IAB nodes. Case #7 is slightly preferred than case #6 to ensure both network synchronization, and symbol-level UL reception alignment.
Extensions for DL/UL power control

Both case #1 and #4 as shown in Figure 1 requires transmit power adjustments. In case #1, 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 #4, 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 #2 and #3. The interference from the other part of IAB is always an issue to considered. But the interference level may be different in case #2 and #3. In case #2, 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. In case #3, 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. 

Proposal 2: 

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. 
Interference measurement of BH links
Simultaneous transmission and reception at one IAB (case #3 and #4) 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 #1 and case #4.
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 3:

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 proposals are as follows, 

Proposal 1:

The case #6 and case #7 could be a starting point for the discussion for the IAB timing mode under the simultaneous operation of IAB nodes. Case#7 is slightly preferred than case#6 to ensure both network synchronization, and symbol-level alignment.
Proposal 2: 

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 3:

The measurement to prevent the self-impulse interference in simultaneous transmission and reception of IAB should be discussed and introduced.
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