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1. Introduction
[bookmark: __DdeLink__211_4233597738]Based on the agreements in RAN1 #104-e meeting, this contribution describes the potential enhancements related to simultaneous transmission (Tx) and/or reception (Rx) modes of operation in IAB networks where the different simultaneous Tx and/or Rx modes of operation are
· 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 
2. Enhancements in handling interference
Within an IAB network where nodes are operating at simultaneous transmission (Tx) and/or reception (Rx) modes, there will be mainly 4 types of inter-IAB node interference: MT to MT, DU to DU, DU to MT, and MT to DU. This interference needs to be managed to ensure that performance of the network is not degraded. This is similar to the cross-link interference (CLI) that exists in a non-IAB network: gNB-to-gNB and UE-to-UE CLI. In Rel. 16,  gNB-to-gNB CLI has been left to implementation while there is a standard support and mechanism for  UE-to-UE CLI. Apart from this, there is also a mechanism for remote interference management (RIM) which deals with interference management between very far apart gNBs. Hence, the initial framework for inter-IAB node interference can be based on these Rel. 16 frameworks for interference management. However, certain enhancements are required on top of the existing framework that will specifically address the inter-IAB node interference scenarios. 
In Rel. 16, CLI RSRP is measured on SRS transmitted by UE. The receiving UE advances its reception boundaries based on implementation to receive this SRS. However, due to factors like network synchronisation error, unknown propagation delays between the UEs, distance of UE from the gNB etc., the SRS received might be misaligned beyond the CP duration. This will be very prominent in case of IAB networks, where the child IAB node may get connected to a parent IAB node that is at a higher distance because of the LOS path typically associated with a backhaul link. Also, the different timing alignment requirements across IAB nodes will add to the error in alignment. Further, the CP duration for FR2 will be very less. Thus, the received SRS from such a node will lose samples from the start point. This will degrade the measurement accuracy of SRS RSRP.
Observation 1: Using Rel. 16 UE-to-UE CLI management scheme, the CLI measurement accuracy of SRS RSRP will be degraded due to factors like  network synchronisation error, unknown propagation delays between the IAB nodes, very less CP duration in FR2, different timing alignment across nodes, large distance between child and parent node etc.
On the other hand, RIM in Rel. 16 uses phase rotated RS as shown in Fig. 1, for the measurement of interference. S1 and S2 are the same RS sequence where S2 is phase rotated to ensure time domain circularity over both the OFDM symbols after addition of CP. It helps to address the above mentioned issues causing misalignment (similar to RIM) that degrades the accuracy of measurement. Thus, the same type of phase rotated RS can be transmitted by MTs and DUs for the purpose of interference management. 
[image: ]
Fig. 1 Phase rotated RS
As an example, Fig. 2 shows the error in RSRP measurement (for 60 Khz SCS) with and without phase rotated RS considering a timing synchronisation error of around 3us. SRS is considered as the baseline for RS without phase rotation with Rel. 16 UE-to-UE RSRP measurement procedure. 
[image: ]
Fig. 2 Error in RSRP measurement with and without phase rotated RS
The plot shows how the phase rotated RS helps to overcome the errors in measurement due to misalignment thus improving the measurement accuracy.
In RAN1#104-e, the agreement on  DU-to-DU interference management was:
 Agreement
RAN1 to select among the following options to support DU-to-DU measurement and report.
· For DU-to-DU CLI measurement:
· Option 1.1. no specific mechanism is specified (e.g., it is handled by the implementation, or the available techniques)
· Option 1.2. enhanced legacy DU-based measurement procedures (e.g., enhanced Rel-16 RIM)
· Option 1.3. enhanced MT-based measurements (e.g., MT-based CLI, MT RRM measurements)
· For DU-to-DU CLI report:
· Option 2.1. no specific mechanism is specified (e.g., it is handled by the implementation, or the available techniques)
· Option 2.2. enhanced legacy DU-based report (e.g., enhanced Rel-16 RIM)
· Option 2.3. enhanced MT-based report (e.g., MT-based CLI, MT RRM measurements) 

Hence, we propose that options 1.2 and 2.2 are adopted for  DU-to-DU interference management.
Proposal 1: Adopt Rel.16 RIM RS for measurement of inter-IAB node interference (DU/MTs).
Proposal 2: Adopt enhanced Rel. 16 RIM procedure for DU-to-DU interference measurement and reporting in IAB networks (options 1.2 and 2.2). 
Further conclusion/agreements on interference management were:
Conclusion
In Rel-17, RAN1 will not specify specific mechanisms for intra-IAB-node interference (self-interference) management. 
· Self-interference can be handled by the implementation or via using the available techniques defined, or to be defined in Rel-17, that can commonly be used for other interference scenarios as well. 

Agreement
RAN1 to decide whether to enhance interference mitigation through information exchange to support beam-management at the parent or child node in RAN1#104bis-e
· FFS: reporting of desired beams for reception in DL or desired beams for transmission in UL by the IAB node for a given multiplexing mode
· FFS: indicating applicable beams in DL or beams in UL for a given multiplexing mode.

Sometimes the interference at a DU/MT may become very severe especially for simultaneous transmission (Tx) and/or reception (Rx) modes. This interference can be reduced if the IAB node switches/fall back to default TDM mode of operation. In order to switch, the IAB node signals fall back request to the parent and donor to indicate that it wants to fallback to default mode.  The  default values of parameters such as TA of the fall back TDM mode is configured by the parent node either semi-statically or dynamically. Once, the IAB node receives confirmation from the parent regarding the fallback, the IAB node uses the values of parameters in default configuration and start operating in TDM mode. 
Observation 2:  Severe interference will not always allow an IAB node to work in simultaneous transmission (Tx) and/or reception (Rx) modes of operation efficiently.
[bookmark: _Hlk46239847]Proposal 3:  In case of severe interference, IAB node signals fall back request to parent or donor node, and switches to TDM mode with default configuration after receiving confirmation from the parent node. The default configuration of the fall back TDM mode is configured by the parent node either semi-statically or dynamically.

3. Enhancements related to power control
The agreements in RAN1#104-e related to power control are:
Agreement
RAN1 to further study whether the legacy UL power control mechanism (including PHR) is sufficient for an IAB-node operating in an enhanced multiplexing mode.
· FFS: if not (i.e., the legacy mechanism is not sufficient), support an IAB-node indicating information to assist with its UL power control.

For an IAB node, the maximum configured power (Pcmax) for UL transmission will vary based on the multiplexing modes used and applicability on the types of signals or channels. Hence, the Pcmax may need to vary dynamically depending on use cases. For such scenarios, the applicable Pcmax needs to be reported to the parent node. An assistance information will help in this purpose and also to avoid certain time/frequency resources reserved for coverage providing signals. In order to support simultaneous operation, information on the IAB desired transmit power should also be reported to the parent. This can be achieved by an enhanced PHR reporting process. With granular modification in legacy PHR process, the desired UL transmit power can be informed to the parent.
Proposal 4: Enhanced PHR reporting for efficient use of simultaneous operation should be supported.
Further agreements on power control were:
Agreement
Support an IAB-node indicating information to assist with the DL power control of its parent-node towards the IAB-node without mandating an expected behavior at the parent node.
· Note: At least the assistance information is for supporting the simultaneous operation within the IAB-node to avoid power imbalance
· FFS: type of assistance information (e.g., desired received power, power adjustment, preferred CSI-RS resource)
· FFS: whether this information is provided to the parent-node, the CU, or both.
· FFS: applicability of the assistance information (e.g. relation to beams or multiplexing modes)
· FFS: the channel carrying this assistance information

For an IAB to operate in simultaneous reception, assistance information indicated by a child IAB should be based on measured interference. This will help in DL power control for mitigating power imbalance issue in simultaneous reception mode. The type of assistance information to assist with DL power control can be reporting of interference or indication of occurence of interference.

Proposal 5: Information to assist with the DL power control should include the measured interference.  

In a simultaneous transmission scenario, the reference IAB simultaneously transmits in both the BH-UL and AC-DL to its parent IAB node and child IAB node respectively. Since the power amplifier is shared between reference IAB’s MT and DU for single panel case, there is a need for power sharing between the MT and DU. The power splitting will not only help in assuring successful transmission in BH and AC links satisfying maximum power limit but also helps in mitigation of transmission power imbalance in simultaneous transmission, if any.
Proposal 6: Transmit power sharing in simultaneous transmission scenario of BH and AC links should be supported. 

4.  Timing related enhancements
The agreements in RAN1#104-e related to timing are:
Agreement
Case 7 timing is supported with symbol level alignment without explicit support for slot level alignment
In symbol level alignment, an IAB node should signal TA=2T1-(T0-nTs) =2T1+nTs-T0 to its child node, where Ts denotes the symbol duration, T0 denotes propagation delay in backhaul link of IAB node and T1 denotes the propagation delay in child link of IAB node. Here, the value of n is chosen such that 2T1+nTs > T0, so that TA signalled to the child node become positive. Therefore, the value of n is dependant on T1 and hence, the value of n will be different for different child nodes and the UL reception from various child nodes will not be aligned at the IAB node. Also, the unaligned symbols at the start of UL-Rx slot may overlap with symbols of previous slot and the overlap varies with the value of n. Therefore, in case of symbol level alignment, the additional guard symbols may be needed to avoid overlap. Further, an IAB node following Case #7 timing with symbol level alignment, the UL-Rx at IAB-DU may overlap with previous slot of IAB-MT and the overlap depends on the value n used in symbol level alignment. As per the existing agreement, parent node insert guard symbols at IAB-MT to avoid overlap with IAB-DU. However, the type of alignment of UL-Rx at IAB-DU and the value of n used in case of symbol level alignment at IAB-DU are unknown at the parent node. Therefore, IAB- node has to signal the type of alignment, whether slot level or symbol level, and the value of n in case of symbol level alignment to parent node based on which parent node configure guard symbols to avoid overlap between IAB-MT and IAB-DU.

Proposal 7: IAB node signals the value of n in case of symbol level alignment to parent node, so that guard symbols can be inserted to avoid overlap between IAB-MT and IAB-DU 

The interference experienced over the whole slot might not be uniform in symbol level alignment since there is no slot level alignment among all the receptions. Hence, if the interference for the whole slot is determined from just one symbol within the received slot from the IAB-MT, the interference might vary a lot for the other symbols within the same slot. This is because, for e.g., the received slot has a combination of interference from 2 different slots. Therefore, reference signal configuration and interference measurement in symbol level alignment scenario should be studied.
Observation 3: Interference experienced over the whole slot might not be uniform in symbol level alignment
Proposal 8: Study the impact of symbol level alignment on reference signal configuration and interference measurement
Agreement
Switching between Case 1, Case 6, and Case 7 timing is supported.
· FFS whether Case 6 and Case 7 timing shall be restricted to certain resources, e.g. excluding resources used for access or TDM backhaul
· FFS details on switching including the switching conditions
· FFS relationship between switching timing modes with the usage/indication of different resource multiplexing modes
· FFS whether Rel-16 OTA synchronization shall be enhanced to support switching timing modes
The timing of various transmission/reception at an IAB node changes with the switch in timing case at IAB node. For e.g., an IAB node in case 6 timing use TA=T1, whereas an IAB node in case 1 timing use TA=2T1. Therefore, the UL-Rx at parent-DU vary depending on the timing case at IAB node. Again, the overlap between IAB-MT and IAB-DU depends on the timing case at IAB node. For e.g., the UL-Tx in slot n of IAB-MT overlap with  DL-Tx in slot n-1 of IAB-DU if IAB node in case 1 timing, whereas there is no overlap between UL-Tx in slot n and DL-Tx in slot n-1 if IAB node in case 6 timing. Therefore, the guard requirement also changes with the timing switch at IAB node. Therefore, timing switch at IAB node should be under the control of parent node, and the parent node should update TA and guard before timing switch at IAB node. 
Proposal 9: Update the agreement in RAN 104-e as
Switching between Case 1, Case 6, and Case 7 timing is supported under the control of parent node
Proposal 10: Parent node update parameters like TA and guard before mode switch at IAB node.
The timing followed by an IAB node depends on its active mode of operation, which in turn depends on the capability and supported modes of IAB node, resource configuration of IAB-MT and IAB-DU, the active mode of operation of the parent node and the network conditions. Therefore, switching between timing cases will occur if any of the above parameter changes. For e.g., an IAB node can operate in multiplexing case A and follow case 6 timing only if IAB-MT and IAB-DU are configured as UL and DL, respectively. Similarly, IAB node cannot continue in case 6 timing if the timing of the parent node switches to case 7. In that case, IAB node in case 6 timing cannot adjust UL-Tx  according to the TA value signalled by the parent node and hence the UL and DL receptions at parent node cannot be aligned.
Observation 4: Timing case at an IAB node depends on the active modes of operation of IAB , which in turn depends on the capability and supported modes of IAB node, resource configuration of IAB-MT and IAB-DU, the active mode of operation of the parent node and the network conditions. 
Since resource configuration of IAB-MT and IAB-DU is done semi-statically and dynamically, the active mode of operation and the timing case can change semi-statically as well as dynamically. However, determining active mode of operation and timing case based on dynamic resource configuration can lead to frequent switching and signalling storm, as parent node has to update the parameters like TA and guard before switching. Also, dynamic switching can lead to uncertainty in certain scenarios. For e.g., parent node is unaware of the dynamic configuration of F resource at IAB-DU and hence cannot identify the active mode of operation and timing case at IAB node. Therefore, minimum granularity for active mode of operation and timing case should be defined, and an IAB node should stay in a timing case for some minimum duration. 
Observation 5: Defining timing case based on dynamic resource configuration leads to frequent switch between timing cases, signalling storm and uncertainty.
Proposal 11: Define minimal granularity for active mode of operation and timing case.
Regarding FFS on OTA synchronization mechanism, parent node with knowledge of active mode of operation and timing of IAB node signal TA and T_delta values accordingly, so that IAB node can evaluate DL-Tx time using the Rel. 16 OTA synchronization mechanism. For e.g., IAB node operating in Case 6 timing, the UL-Tx is tied with DL-Tx. Therefore, the parent node signal TA=T1 to the IAB node operating in Case 6 timing. Further, at the parent-DU, the UL-Rx from an IAB node in case 6 timing is delayed from DL-Tx by the factor T1 in addition to the error specified in Rel. 16 and is taken care by the T_delta signalled by the parent node. Now, the child node evaluates DL-Tx time as TA/2+T_delta, reusing the Rel. 16 OTA synchronization mechanism.
Proposal 12: Parent node signals TA and T_delta values to IAB node depending on the active mode of operation and timing case at parent node and IAB node.
Proposal 13: Reuse Rel. 16 OTA synchronization mechanism to evaluate DL-Tx time at IAB node in Case 6 and Case 7 timing scenario.

5. Conclusion
The contribution makes the following observations and proposals.
Observation 1: Using Rel. 16 UE-to-UE CLI management scheme, the CLI measurement accuracy of SRS RSRP will be degraded due to factors like  network synchronisation error, unknown propagation delays between the IAB nodes, very less CP duration in FR2, different timing alignment across nodes, large distance between child and parent node etc.
Proposal 1: Adopt Rel.16 RIM RS for measurement of inter-IAB node interference (DU/MTs).
Proposal 2: Adopt enhanced Rel. 16 RIM procedure for DU-to-DU interference measurement and reporting in IAB networks (options 1.2 and 2.2). 
Observation 2:  Severe interference will not always allow an IAB node to work in simultaneous transmission (Tx) and/or reception (Rx) modes of operation efficiently.
[bookmark: _Hlk462398471]Proposal 3:  In case of severe interference, IAB node signals fall back request to parent or donor node, and switches to TDM mode with default configuration after receiving confirmation from the parent node. The default configuration of the fall back TDM mode is configured by the parent node either semi-statically or dynamically.
Proposal 4: Enhanced PHR reporting for efficient use of simultaneous operation should be supported.
Proposal 5: Information to assist with the DL power control should include the measured interference.  
Proposal 6: Transmit power sharing in simultaneous transmission scenario of BH and AC links should be supported. 

Proposal 7: IAB node signals the value of n in case of symbol level alignment to parent node, so that guard symbols can be inserted to avoid overlap between IAB-MT and IAB-DU.

Observation 3: Interference experienced over the whole slot might not be uniform in symbol level alignment
Proposal 8: Study the impact of symbol level alignment on reference signal configuration and interference measurement.

Proposal 9: Update the agreement in RAN 104-e as
Switching between Case 1, Case 6, and Case 7 timing is supported under the control of parent node
Proposal 10:  Parent node update parameters like TA and guard before mode switch at IAB node.

Observation 4: Timing case at an IAB node depends on the active modes of operation of IAB , which in turn depends on the capability and supported modes of IAB node, resource configuration of IAB-MT and IAB-DU, the active mode of operation of the parent node and the network conditions. 

Observation 5: Defining timing case based on dynamic resource configuration leads to frequent switch between timing cases, signalling storm and uncertainty.
Proposal 11: Define minimal granularity for active mode of operation and timing case.

Proposal 12: Parent node signals TA and T_delta values to IAB node depending on the active mode of operation and timing case at parent node and IAB node.
Proposal 13: Reuse Rel. 16 OTA synchronization mechanism to evaluate DL-Tx time at IAB node in Case 6 and Case 7 timing scenario.
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