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1. Introduction
The agreements in RAN 1 meeting #103e on IAB enhancements were as follows [1]:
Agreement
Select one or both of the following modes of operation for Case 7 timing in RAN1#104-e:
· symbol level alignment without slot level alignment
· slot level alignment
Agreement
Interference management for the following IAB interference scenarios should be discussed: 
· Inter-IAB scenarios, including: 
· MT to MT, DU to DU, DU to MT, and MT to DU.
· Interference to non-IAB nodes, including:
· IAB-DU to non-IAB-DU
· IAB-MT to non-IAB-DU
· Intra-IAB-node (self-interference) scenarios (Interference between a DU and MT of an IAB-node).
This agreement does not necessarily mean that specification support is needed for any of the scenarios.
Agreement
Consider resource and beam coordination techniques to mitigate/avoid interference, including (not an exhaustive list):
· FFS: whether or not to support IAB‐node (MT) transmissions in DL access slots 
· FFS: if this has RAN1 impact or it can be handled by implementation.
· FFS: network coordination impact
· FFS: whether Rel-16 resource management framework is sufficient.
Agreement
An IAB-node can rely on an OTA timing synchronization mechanism to enable/maintain Case 6 timing mode
· FFS whether the Rel-16 OTA synchronization mechanism is sufficient or enhancements are required 
· If required, details of enhancements including the uplink timing(s) required to support different timing alignment cases

Agreement
An IAB-node, when operating in Case 7 timing mode, can enable a child node to set its DL Tx timing based on Rel-16 OTA timing synchronization mechanism.
· FFS whether Rel-16 OTA synchronization mechanism enhancements are required 
· FFS details of enhancements, if required

Agreement
Case 6 timing mode operation at an IAB-node is controlled by the parent node to which the UL transmission is intended for.
Agreement
Use the Rel-16 interference management frameworks (e.g. CLI, RIM) to handle IAB interference scenarios, and discuss if any of the following enhancements are needed (not an exhaustive list):
· FFS: extend the information exchange (e.g. the resource configuration, result of CLI measurements, etc.) among different entities (e.g. between parent-child nodes, adjacent IAB nodes, between network and IAB-node, etc.)  
· FFS: required enhancements on CLI measurement accuracy (e.g. via timing adjustment, etc.)
· FFS: required enhancements on CLI measurements (e.g. introducing short-term measurements, multi-beam measurements, etc.)
Agreement
Further study requirement of enhanced DL and UL Tx power control mechanism considering the following: 
· DL/UL power control with assistance information from the child node.
· DL/UL power control with assistance information from the parent node.
· Central (e.g. by CU) power control coordination (e.g. semi-static max DL/UL Tx power limits).
· Coexistence of different power control mechanisms within an IAB node and in the network.
Note. Any power control mechanism should consider the following aspects:
· Existing base station design principles (e.g. power control and dynamic range capability, etc.) related to transmission power.
· Network constraints in regard to transmitted reference signals with constant power.

[bookmark: __DdeLink__211_4233597738]Based on the above agreements and topics to further consider, 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. 
Further, in  case of simultaneous MT-Rx/DU-Tx and simultaneous MT-Tx/DU-Rx scenarios which represent in-band full duplex (IBFD) modes, intra-node interference known as self-interference (SI) will exist.  The SI will be of very high strength and if not properly handled, t can completely disrupt the performance of the system. Hence, IBFD systems will have a SI cancellation circuitry which suppresses the SI. Apart from the cancellation circuitry,  certain implementation based SI suppression and cancellation techniques can be employed. For example, these techniques include the physical separation between the transmitter and receiver  and employing different panels for DU and MT (in case of an IAB node). However, support needs to be provided from the network perspective to allow better handling of SI.
a. Inter-IAB node interference
In general, the steps involved in management of inter-node interference will consist of, 
a. configuration of interference measurement reference signal (RS) to the potential aggressors by the donor node, 
b. measurement and reporting configuration provided by donor to victim and 
c. taking measures to mitigate the interference at the identified aggressors
where the aggressors and victims can be MTs or DUs. 
Proposal 1: Support for exchange of information like configuration of  interference measurement RS, measurement of interference and its reporting between donor node and child MTs and DUs. 
In case of inter-donor IAB network interference, required information for the purpose of initiating interference management needs to be shared among the donor nodes. 
Proposal 2: Support for  exchange of information between donor nodes for the purpose of interference management. 
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 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.
[bookmark: __DdeLink__2947_1252797719]Proposal 3: Mechanism to improve the CLI measurement accuracy as compared to Rel. 16 CLI management which is not designed specific to IAB network.
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. 
Proposal 4: Adopt Rel. 16 RIM RS (phase rotated RS) for inter-IAB node interference measurement in IAB networks. 
[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. 
Fig. 2 Err[image: ]or 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.

b. Intra-node interference
SI in case of simultaneous MT-Rx/DU-Tx and simultaneous MT-Tx/DU-Rx modes needs efficient handling. Having different panels at the DU and MT, will ensure more isolation as compared to single panel depending upon the panel structure, position, distance etc. resulting in passive cancellation of SI. On the other hand, SI in single panel systems will be more severe and active SI cancellation circuits are needed, where the exact amount of SI cancellation depends upon the hardware circuit. Thus, in both the cases, the amount of cancellation of SI is implementation specific. However, it is possible in both the cases that some residual SI remains uncancelled depending upon the scenario, power levels at MT and DU etc. This residual SI can be handled by some other techniques like power control to ensure better performance. 
Observation 2: The amount of SI cancellation is implementation specific. Having multi-panel does not fully ensure that there will be no residual SI. 
Observation 3: Techniques to handle the residual amount of SI will be independent of whether the system is single panel or multi-panel. The technique should be equally applicable to both single and multi-panel to ensure better performance. 
Proposal 5: SI handling methods should be applicable irrespective of single panel or multi-panel systems. 
Further, proper measurement of the SI has to be carried in IAB node to work effectively in simultaneous MT-Rx/DU-Tx and simultaneous MT-Tx/DU-Rx. For e.g., in simultaneous MT-Rx/DU-Tx, IAB-MT has to measure the interference caused by Tx at IAB-DU on the Rx at IAB-MT. To have accurate measurements, IAB-MT has to stop Tx/Rx in the backhaul link while measuring SI. This can be thought of as equivalent of a measurement gap used by UE to perform handover measurements in other inter-frequency cells. The parent node should not schedule IAB-MT in the SI measuring occasions. Therefore, proper coordination among parent-DU and IAB-MT is required in this context, to avoid conflict and loss of data. Either parent should configure measurement occasions to IAB-MT or IAB-MT should report the measuring occasions to the parent-DU in advance.
Observation 4: IAB node MT might need time-frequency resources for SI measurement, which are free from backhaul reception and transmission. This  requires cooperation with the parent.
[bookmark: __DdeLink__107686_364786771] 
Proposal 6: SI measurement occasions are required at an IAB node operating in simultaneous MT-Rx/DU-Tx and simultaneous MT-Tx/DU-Rx modes. Following options can be considered in configuring SI measurement occasions
Alt 1: Parent node configures measurement occasions to IAB-MT at regular intervals
Alt 2: IAB node requests for measurement occasions to parent node and parent-DU configures it
Alt 3: IAB node configures measurement occasions and report it to parent node in advance
Sometimes interference may become very severe, and an IAB node in IBFD mode of operation cannot achieve desired performance. In that case, the IAB node will switch to/fallback to the TDM mode. In order to switch, IAB node signals fall back request to the parent and donor to indicate that it wants to fallback to TDM 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 5:  Severe interference will not always allow an IAB node to work in   simultaneous MT-Rx/DU-Tx and simultaneous MT-Tx/DU-Rx modes of operation efficiently.
[bookmark: _Hlk46239847]Proposal 7:  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
In the previous section, the interference issues that can arise in an IAB network were discussed. Power control is one of the methods to handle such interference. For e.g., in case of an IAB node in DU-Rx/MT-Tx mode, the reception at IAB-DU is affected by the transmission occurring at IAB-MT. The interference might cause severe degradation in performance when the IAB-DU receives from UEs which transmit at limited power and the IAB-MT transmit at higher power as instructed by the parent IAB node. In the above example, if the IAB node can inform the parent about the interference experienced at the IAB node, then the interference can be mitigated. Thus, there should be a mechanism to inform the parent about the interference level at the IAB node so that the parent node can adjust the UL Tx power from  child-MT. The parent decides on the adjustment of Tx power of child-MT depending upon the scenario. It is important that the parent should be informed about the interference caused at the IAB node. Thus, this can be the starting point for power control mechanisms .
[bookmark: __DdeLink__197_2967667664][bookmark: __DdeLink__430_1666225826]Proposal 8: For simultaneous DU-Rx/MT-Tx mode , there should be a feedback mechanism regarding the SI at an IAB node from MT to the parent to aid power control. 
4.  Timing related enhancements
The timing of various Tx/Rx at an IAB node depends on active mode of operation and timing case at IAB node and its parent. Parent node with knowledge of active mode of operation and timing case of child node, signals the required parameters to child node. For e.g., parent node in simultaneous Rx mode signal TA value to its child node in such a way that the UL-Rx from child node align with DL-Rx at parent node. Therefore, the TA and T_delta values signalled by the parent node changes depending on the active mode of operation and timing case at parent node and child node. 
In case of a child node operating in Case 6 timing, the UL-Tx is tied with DL-Tx. Therefore, the child node cannot apply  TA=2T1, specified in Rel. 16, for its UL-Tx. Here T1 denote propagation delay in backhaul link of child node. Consequently, parent need to signal TA=T1 to the child node operating in Case 6 timing. Further, in case of child node following Case 6 timing, the DL-Tx and UL-Rx at parent node are misaligned 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.
In case of parent node following Case 7 timing, the UL-Rx at parent-DU should be aligned with DL-Rx at parent-MT. Therefore, the TA value signalled to child-MT should be 2T1-T0. Here, T0 and T1 denote propagation delay in backhaul and child links of parent node, respectively. Further the UL-Rx is delayed from DL-Tx by a factor T0 at parent DU. Therefore, the T_delta value signalled by parent node should be T0/2. The child node can evaluate propagation delay in BH link as T1=TA/2+T_delta. Therefore, the same Rel. 16 OTA synchronization can be used in Case 7 timing scenario. However, in Rel. 16, the misalignment at parent node was small due to error, whereas in case 7 timing  the misalignment is of the order of propagation delay. 
Proposal 9: Parent node signals TA and T_delta values to child node depending on the active mode of operation and timing case at parent node and child node.
Proposal 10: Reuse Rel. 16 OTA synchronization mechanism to evaluate DL-Tx time at child node in Case 6 and Case 7 timing scenario.
          The TA value associated with Case 7 timing become negative when 2T1>T0. However, the TA value signalled by the parent node cannot be negative in Rel. 16. One possible option is to go for symbol level alignment of DL-Rx and UL-Rx instead of slot level alignment at parent node. Therefore, symbol 0 of DL-Rx align with symbol n of UL-Rx, and the TA value signalled by the parent node becomes TA=2T1-(T0-nTs)=2T1+nTs-T0, where Ts denotes the symbol duration. The value of n is chosen such that 2T1+nTs is greater than T0, so that TA become positive. Parent node decides the value of n based on T0 and T1. However, the value of n will be different for different child nodes depending on propagation delay and hence, the UL reception from various child nodes will not be aligned at parent node. Further, the unaligned symbols at the start of UL-Rx slot and end of DL-Rx slots may overlap with symbols of adjacent slots causing interference. Figure 3 illustrates UL-Rx in slot n+1 with slot level and symbol level alignment. In symbol level alignment, symbol 2 of UL-Rx align with symbol 0 of DL-Rx in slot n+1. The symbol 0 and symbol 1 of UL-Rx are not aligned and are overlapping with symbols of previous slots. Therefore, in case of symbol level alignment, the  additional guard symbols may be needed to avoid overlap. Therefore, the guard requirement become dependent on the type of alignment. IAB- node has to signal the type of alignment, whether slot level or symbol level, to parent node to configure guard symbols. 
Further, 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 child-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, the interference  associated with symbol level alignment is higher compared to slot level alignment and the interference management is not easy in case of symbol level alignment. 
[image: ]
Fig. 3: Symbol level and slot level alignment in Case 7 timing
Simultaneous Rx from access and backhaul/child link cause severe interference to the access link. Resource partitioning is considered as an option to avoid Rx from IAB node interfering with Rx from access UE. For e.g., if a parent node receives simultaneously from access UE and child-MT, then the reception from child-MT interferes with the reception from UE, causing degradation in performance of UE. In resource partitioning, parent node will not receive from child-MT when UE is configured as UL. Therefore, the simultaneous Rx operation is limited to DL part of TDD pattern. In that case the UE is not affected by the negative TA associated with Case 7 timing. 
Observation 6: The interference associated with symbol level alignment is higher compared to slot level alignment.
Proposal 11: Slot level alignment should be prioritized over symbol level alignment.
Observation 7: Simultaneous reception from access UE and child-MT severely impair the performance of access UE.
[bookmark: __DdeLink__879_924716825]Proposal 12: Impact of negative TA and interference due to child-MT transmission on the performance of access UE is avoided by limiting Case 7 operation to DL part of TDD pattern. 

5. Conclusion
The contribution makes the following observations and proposals.
Proposal 1: Support for exchange of information like configuration of  interference measurement RS, measurement of interference and its reporting between donor node and child MTs and DUs. 
Proposal 2: Support for  exchange of information between donor nodes for the purpose of interference management. 
Observation 1: Using Rel. 16 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 3: Mechanism to improve the CLI measurement accuracy as compared to Rel. 16 CLI management which is not designed specific to IAB network.
Proposal 4: Adopt Rel. 16 RIM RS (phase rotated RS) for inter-IAB node interference measurement in IAB networks. Observation 2: The amount of SI cancellation is implementation specific. Having multi-panel does not fully ensure that there will be no residual SI. 
Observation 3: Techniques to handle the residual amount of SI will be independent of whether the system is single panel or multi-panel. The technique should be equally applicable to both single and multi-panel to ensure better performance. 
Proposal 5: SI handling methods should be applicable irrespective of single panel or multi-panel systems. 
Observation 4: IAB node MT might need time-frequency resources for SI measurement, which are free from backhaul reception and transmission. This  requires cooperation with the parent.
[bookmark: __DdeLink__107686_3647867711] Proposal 6: SI measurement occasions are required at an IAB node operating in simultaneous MT-Rx/DU-Tx and simultaneous MT-Tx/DU-Rx. Following options can be considered in configuring SI measurement occasions
Alt 1: Parent node configures measurement occasions to IAB-MT at regular intervals
Alt 2: IAB node requests for measurement occasions to parent node and parent-DU configures it
Alt 3: IAB node configures measurement occasions and report it to parent node in advance
Observation 5:   Severe interference will not always allow an IAB node to work in   simultaneous MT-Rx/DU-Tx and simultaneous MT-Tx/DU-Rx modes of operation efficiently.
[bookmark: _Hlk462398471]Proposal 7:  In case of severe interference, IAB node signals fall back request to parent and 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 8: For simultaneous DU-Rx/MT-Tx mode , there should be a feedback mechanism regarding the SI at an IAB node from MT to the parent to aid power control.
Proposal 9: Parent node signals TA and T_delta values to child node depending on the active mode of operation and timing case at parent node and child node.
Proposal 10: Reuse Rel. 16 OTA synchronization mechanism to evaluate DL-Tx time at child node in Case 6 and Case 7 timing scenario.
Observation 6: The interference associated with symbol level alignment is higher compared to slot level alignment.
Proposal 11: Slot level alignment should be prioritized over symbol level alignment.
Observation 7: Simultaneous reception from access UE and child-MT severely impair the performance of access UE.
Proposal 12: Impact of negative TA and interference due to child-MT transmission on the performance of access UE is avoided by limiting Case 7 operation to DL part of TDD pattern.
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