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1. Introduction
[bookmark: __DdeLink__211_4233597738]Based on the agreements in RAN1 #106-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
The following agreement was made in RAN1#106-e related to interference management:
Agreement
For the support of DU-to-DU measurement and report:
· [bookmark: __DdeLink__9680_1623922108]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)
· 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)

Agreement
Support the exchange of semi-static Rel-16 IAB-DU H/S/NA resource configuration information and Rel-17 frequency domain IAB-DU H/S/NA resource configuration information among neighbouring IAB-nodes/IAB-donors
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. As agreed in  RAN1#106-e, DU-to-DU CLI is also left to implementation. 
In Rel. 16, CLI RSRP is measured on SRS transmitted by UE. The receiving UE advances its reception boundaries based on implementation to receive 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 and is very prominent in case of IAB networks, where the distance between the IAB node and the parent IAB node is higher because of the planned deployment and LOS path typically associated with a backhaul link. Also, the different timing cases across IAB nodes will add to the misalignment. 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 and 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 with repetition for the measurement of interference. As shown in Fig. 1, 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. Therefore, phase rotated RS helps to address the misalignment in SRS reception in IAB networks 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 illustrates 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 by how much the phase rotated RS helps to reduce the errors in measurement due to misalignment. The improvement is because the whole RS sequence can be detected even if the receiving boundaries are misaligned which is not the case if the RS is not phase rotated and repeated. Thus, the phase rotated RS with repetition helps in improving the measurement accuracy.
[bookmark: __DdeLink__1584_2243055701]Proposal 1: Adopt phase rotated RS with repetition for measurement of inter-IAB node CLI to improve CLI measurement accuracy.
Sometimes the interference at a DU/MT become very severe and degrade the performance of IAB node, especially for simultaneous transmission (Tx) and/or reception (Rx) modes. In such cases, the 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 node and the donor node 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 node 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 2:  Support signalling of fallback request from child IAB node to parent IAB node.

3. Enhancements related to power control
The following agreement was made in RAN1#106-e related to UL power control:
Agreement
Support an IAB-node indicating its desired IAB-MT PSD range to help with its MT’s UL TX power control.
· This information is provided to the parent node
FFS: Applicability of assistance information, e.g., per multiplexing scenario, per resource, etc.
FFS: Signalling details, including the possibility to extend PHR.
Power adjustment is needed based on multiplexing modes used between MT and DU of IAB node. For e.g., no power adjustment may be needed in case of TDM, whereas the UL power of IAB-MT will be affected by the simultaneous DL transmission and power adjustment is needed in case of multiplexing mode A to acquire the desired MT UL Tx power. Hence, the assistant information for MT UL power should be applicable per multiplexing scenario. 
Proposal 3: Support for applicability of assistant information per multiplexing scenario. 
Existing PHR report can be reused for signalling assistance information for MT UL power control to the parent node with some extension of PHR formula for inclusion of reported information, thereby avoiding extra signalling in certain cases. Thus, assistance information can be sent in MAC-CE by PHR report extension. 
Proposal 4: Support signalling assistant information for MT UL power adjustment via extended PHR report in MAC-CE. 
Agreement
The desired DL TX power adjustment, indicated by the IAB-MT to its parent-node to assist with the parent-node’s DL TX power allocation, is provided at least for specific time resources.
The desired DL TX power adjustment can further be associated with spatial configuration. (e.g., MT’s DL RX beams).
· FFS: signaling details, e.g. indication via MAC-CE, PUCCH, or legacy CSI framework.
For scenarios requiring change in DL power, it is beneficial to provide assistance information for a specific time period based on duration of multiplexing mode. Thus, semi static configuration for DL power adjustment can be adopted using MAC-CE. 
Proposal 5: Support signalling assistance information for DL power adjustment using MAC-CE. 
Agreement
Support an IAB-node indicating adjustment to its DL TX power to a child node (e.g., in response to receiving the DL TX power assistance information from the child node) at least for specific time resources.
The DL TX power adjustment indication can further be associated with spatial configuration. (e.g., MT’s DL RX beams).
· FFS: signalling details.
[bookmark: __DdeLink__21863_823177532]The parent may adjust the DL power for certain period as per assistance information received from child node, channel conditions, etc.  The indication of DL power adjustment from parent node can be provided via MAC-CE.
Proposal 6: Support indication of DL power adjustment from parent node via MAC-CE.
4.  Timing related enhancements
The following agreement was made in RAN1#106-e related to setting IAB-MT Tx timing for case 6 timing
Agreement
For Case 6 timing at a given IAB-node, the IAB-MT Tx timing is set by the node to the timing obtained for the node’s DL Tx.
· FFS: Need for additional details with reference to support of OTA synchronization (e.g. T_delta)

The alignment of IAB-MT Tx timing with IAB-DU Tx timing causes misalignment of DL-Tx and UL-Rx at parent-DU and impacts the value of T_delta signalled by the parent node. Parent signalling legacy TA along with the modified value of T_delta impacts the OTA synchronization at the IAB node. For e.g., in case of IAB node following case 6 timing, the UL-Rx will be delayed from DL-Tx at parent-DU by the factor equal to propagation delay (T1) between parent-DU and IAB-MT. Therefore, the value of T_delta signalled by the parent node is T1/2. Based on the legacy TA=2T1, the OTA synchronization process is given by TA/2+T_delta= T1 + T1 /2=3/2T1, which is different from the actual value of DL-Tx time (i.e., T1) needed at IAB node. Therefore, IAB node following Case 6 timing impacts the value of T_delta signalled by the parent node and OTA synchronization at IAB node. Update in legacy TA or additional signalling of offset parameter is required along with modified T_delta for OTA synchronization at IAB node following case 6 timing.
Observation 3: IAB node following Case 6 timing impacts the value of T_delta signalled by the parent node and OTA synchronization at IAB node
Observation 4: Signaling of new TA value corresponding to case 6 timing, either explicitly or as additional offset, is needed along with modified T_delta for OTA synchronization at IAB node following case 6 timing
Regarding the signalling of time resources for operating in various timing modes, RAN1#106-e made the following agreement
Agreement
An IAB-node is explicitly indicated by the parent node when Case 6 timing is performed at the IAB-node at least for specific time resources.
· FFS: whether the indication should be associated with another dimensions, e.g. multiplexing cases
· FFS whether an IAB-node is explicitly indicated by the parent node when Case 7 timing is performed at the IAB-node.
Conclusion
Details on the design of the indication of when Case 6 timing (and Case 7 timing, if agreed) is performed at the IAB-node are to be discussed under 8.10.1.
IAB node operating in case 6 timing has significant impact on the parent node. For e.g., timing of UL-Rx at parent-DU changes when IAB node operate in case 6 timing, and the parent-DU has to make necessary adjustments. Similarly, parent node has to update the T_delta and guard information when IAB node switches from case 1 to case 6 timing. Since Case 6 timing and simultaneous Tx mode are closely related, parent node can signal timing instance at which IAB node operate in case 6 timing along with multiplexing mode. For e.g., IAB node is indicated by the parent node the time instance at which IAB node operate in simultaneous Tx mode with case 6 timing.
Proposal 7: IAB node is indicated by the parent node the time instance at which IAB node operate in a multiplexing mode with case 6 timing
Symbol level alignment is agreed for case 7 timing. In the expression for TA in symbol level alignment, the value of n is chosen such that 2T1+nTs > T0, so that TA signalled to the IAB node is positive. Therefore, in case of IAB node following case 7 timing, the value of n is different for different child nodes based on the propagation delay between IAB node and its child node. Therefore, 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. However, the IAB node can insert the additional guard symbols at IAB-DU to avoid overlap with IAB-MT. Therefore, the parent node is unaffected by an IAB node operating in case 7 timing. There is no need of explicit indication from parent node to indicate to the IAB node when Case 7 timing is performed at the IAB-node 
Observation 5: Parent node is unaffected by an IAB node operating in case 7 timing and there is no need of explicit indication from parent node to indicate to the IAB node when Case 7 timing is performed at the IAB-node
Proposal 8: IAB node in case 7 timing inserts additional guard symbols at IAB-DU to avoid overlap with IAB-MT

The RAN1#106-e made following agreements related to case 7 timing 
Agreement
For Case 7 timing at a parent node, the IAB-MT Tx timing of the node is obtained via the legacy TA loop plus an offset from the parent node.
· FFS range, granularity, and signaling details of the offset.


Agreement
An IAB-node is explicitly indicated by the parent node when Case 7 timing is performed at the parent node.
· FFS for signalling details
In case of parent node following case 7 timing, the alignment of receptions at parent node is obtained by advancing the UL-Tx timing at IAB node from DL-Rx timing by a factor 2T1+nTs-T0=TA+Toffset, where Ts denotes the symbol duration, T0 denotes propagation delay in backhaul link of parent node, T1 denotes the propagation delay in backhaul link of IAB node, TA denotes legacy timing advance, and Toffset=nTs-T0 denotes the additional offset required from parent node. Alignment of DL-Rx and UL-Rx at parent node following case 7 timing causes misalignment of DL-Tx and UL-Rx at parent-DU and impacts the value of T_delta signalled by the parent node to the IAB node. The UL-Rx at parent-DU will be delayed from DL-Tx by a factor T0-nTs, and the corresponding value of T_delta=(T0-nTs)/2. Therefore, additional offset signaled by parent node is needed along with legacy TA and modified T_delta for OTA synchronization at IAB node. 
Observation 6: Parent IAB node following Case 7 timing impacts the value of T_delta signalled by the parent node and OTA synchronization at IAB node
Proposal 9: IAB node performs OTA synchronization using legacy TA, additional offset, and modified T_delta values
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 7: Interference experienced over the whole slot might not be uniform in symbol level alignment
[bookmark: __DdeLink__1227_2961651405]Proposal 10: Study the impact of symbol level alignment on reference signal configuration and interference measurement

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 phase rotated RS with repetition for measurement of inter-IAB node CLI to improve CLI measurement accuracy.
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 2:  Support signalling of fallback request from child IAB node to parent IAB node.
Proposal 3: Support for applicability of assistant information per multiplexing scenario. 
Proposal 4: Support signalling assistant information for MT UL power adjustment via extended PHR report in MAC-CE. 
Proposal 5: Support signalling assistance information for DL power adjustment MAC-CE. 
Proposal 6: Support indication of DL power adjustment from parent node via MAC-CE.
Observation 3: IAB node following Case 6 timing impacts the value of T_delta signalled by the parent node and OTA synchronization at IAB node
Observation 4: Signaling of new TA value corresponding to case 6 timing, either explicitly or as additional offset, is needed along with modified T_delta for OTA synchronization at IAB node following case 6 timing
Proposal 7: IAB node is indicated by the parent node the time instance at which IAB node operate in a multiplexing mode with case 6 timing
Observation 5: Parent node is unaffected by an IAB node operating in case 7 timing and there is no need of explicit indication from parent node to indicate to the IAB node when Case 7 timing is performed at the IAB-node
Proposal 8: IAB node in case 7 timing inserts additional guard symbols at IAB-DU to avoid overlap with IAB-MT
Observation 6: Parent IAB node following Case 7 timing impacts the value of T_delta signalled by the parent node and OTA synchronization at IAB node
Proposal 9: IAB node performs OTA synchronization using legacy TA, additional offset, and modified T_delta values
Observation 7: Interference experienced over the whole slot might not be uniform in symbol level alignment
[bookmark: __DdeLink__1227_29616514051]Proposal 10: Study the impact of symbol level alignment on reference signal configuration and interference measurement
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