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Introduction
According to the latest WID of IAB in [1], in order to support simultaneous operation by IAB-node’s child and parent links, some enhancements such as IAB-node timing case(s), DL/UL power control/sharing, and CLI and interference measurements would be studied. In this contribution, we provide views on these three aspects.
Some enhancements for simultaneous operation
2.1 Timing cases for simultaneous operation
Based on part of agreements during Rel-15 SI, case 6 timing and case-7 timing are seen as synchronization options in supporting FDM/SDM.
Case 6 timing
In case-6 timing, once the UL-Tx timing is aligned to DL-Tx timing which is synchronized across nodes, UL-Rx timing at the parent node could be different among child nodes (due to different propagation delay) and access UEs (due to deviation from Rel-15 TA mechanism) served by the same parent node. In this situation, interference across UL links will be generated due to non-UL synchronization at the parent node. For the purpose of mitigating this interference issue, both TDM-based and non-TDM-based resources allocations among child nodes and access UEs were discussed in SI, but both with serious deficiencies.
TDM-based resource allocation among child nodes and access UEs
· Inefficient resource utilization and complex timing relationship: To overcome non-UL synchronization between child nodes and access UEs for any potential IAB deployment, the time-domain resource unit, the slot, has to be classified as “slot for case-1 only timing”, “slot for child node #1 when operating in case-6 timing”, “slot for child node #2 when operating in case-6 timing” and etc. The different types of slots hold different timing relations (i.e., case-1 only vs. case-6, and case-6 with different UL-Rx timing at parent), and then may need a semi-static assignment of slot-timing. According to queuing theory, such semi-static partition of the whole resource pool is a very inefficient resource utilization scheme that runs negatively upon traffic delay and throughput, which is completely against the objectiveness mentioned in WID. Also, parent node needs to maintain complicated timing relationship for all child nodes and served access UEs.
Non-TDM-based resource allocations among child nodes and access UEs:
· Limited CP profile and deployment range: It was mentioned in SI that it is still possible for UL transmissions from different child nodes and access UEs to share the same slot if their UL-Rx timing at the parent node fall into the duration of single CP. However, it was also argued in SI phase that, as a consequence, the CP capability to overcome multipath would be significantly weakened, especially in case the UL transmission is in FR2. In addition, the key problem is that the capability for UL-Rx timing to fall within CP is not ensured by specification protocol (like TA mechanism) but a deployment planning.   
In addition, the specification of case 6 timing would experience following issues.
· Given an IAB node may operate with case-1 only timing in some slots and case-6 timing in some other slots, where the case-6 timing is by definition based on case-1 timing (DL-Tx timing alignment between IAB node and its parent), the timing offset between UL-Tx and DL-Rx at the IAB node would be time-varying --- determined by TA mechanism in “case-1 only timing” slot and aligned to DL-Tx timing in “case-6 timing” slot. This means both the DLRx-to-ULTx timing offset at IAB node and ULRx-to-DLTx timing offset (i.e., T_delta, which is assumed to be used in case-6 timing as well) at the parent node should be time-stamped. Then not only the measurements/filtering of T_delta should be collected based on correct time-stamp(s), but also the calculation of (TA/2+T_delta) should also be performed (and filtered) based on compatible time-stamps. All these new issues may put RAN1 into an effort of nearly re-designing case-1 timing in the context of case-6 timing. 
· In Rel-16 case-1 timing, RAN4 has no performance requirement defined for IAB node DL-Tx timing, due to the reason that DL-Tx timing is an DU feature while RAN4 spec deals with UE/MT. On the other hand, RAN4 spec has the accuracy requirements on UL-Tx timing, where the accuracy of UL-Tx timing is much larger than the granularity of T_delta. It is well understood that the Rel-16 case-1 timing accuracy for DL-Tx timing is mainly determined on T_delta granularity. However, when DL-Tx timing and UL-Tx timing are aligned in case-6 timing, it would remain questionable whether the existing TA mechanism accuracy requirements still apply to UL-Tx timing. The answer may have impact to RAN1 discussions such as case-6 timing solution, multi-hop with multi-parents in dual-connectivity, and etc. 
· If answer is Yes, the accuracy of DL-Tx timing in case-6 timing is much worse than that in case-1 only timing. 
· If answer is No, it may not be realistic for RAN4 to complete new UL-Tx timing requirement before RAN1 explores the timing aspects and any mechanism depending on the timing. 
In a word, the expected complexity/outcome of RAN4 work on case-6 timing and its impact to RAN1 normative work do not show very smooth and prospectively positive at this time.       	
Observation 1: To support case-6 timing in Rel-17 may cause following concerns.
· Misalignment of UL-Rx timing at parent for child nodes and access UEs, for which all existing solutions (TDM-based, non-TDM-based) have deficiencies. 
· RAN1 may need to revise or even re-design Rel-16 case-1 timing. 
· It is unclear whether RAN4 should re-define the UL-Tx timing requirement once the UL-Tx timing is decoupled from TA process and aligned with DL-Tx timing, and, if yes, how complicated it is.    
Proposal 1: To de-prioritize case-6 timing in Rel-17.
Case 7 timing
With the alignment between UL-Rx timing and DL-Rx timing at an IAB node, the case 7 timing can result in negative TA on child uplink when one-way propagation delay on parent link is larger than double of one-way propagation delay on child link. During SI, several methods were proposed and studied to deal with the negative TA, including introducing negative TA, translating to positive TA with symbol level timing alignment, and signaling a new relative offset of the most recent TA. These methods well show it is feasible to support case-7 timing in Rel-17 time frame.
Observation 2: Comparing to case-6 timing, case-7 timing is more feasible to implement. 
Proposal 2: To support case-7 timing in Rel-17.
2.2 Power control/sharing for simultaneous operation
Power sharing/coordination for simultaneous DU-Tx/MT-Tx
If MT Tx on parent link and DU Tx on child link are simultaneously performed and share the same power amplifier, power sharing/coordination between the two links needs to be studied. Firstly, it needs to be determined how to conceptually treat Tx power from specification perspective, there are two options.
· Option-1: Tx power is considered as a Tx parameter controlled by IAB node or its parent, e.g., to consider a solution similar to dynamic power sharing in mutli-RAT DC, or to introduce a new RAN4 pre-defined offset in Pc,max definition or a new RAN1-defined offset in power headroom computing for backhaul uplink to reflect the reserved Tx power for access downlink.
· Option-2: Tx power is considered as a fourth resource dimension managed by CU, after time/frequency/space, e.g. maximum power for backhaul uplink and access downlink is respectively configured by CU. 
Observation 3: It needs to be determined how to handle Tx power from specification perspective – a Tx parameter controlled by IAB node and/or its parent vs. a fourth resource dimension managed by CU.  
Power sharing/coordination for simultaneous DU-Rx/MT-Rx
In case of simultaneous MT Rx/DU Rx, the received power level difference between the two can be significant. Such significant difference in received powers could cause interference, with DU-Rx to be most-likely more interfered by the MT-Rx due to no power control mechanism for backhaul DL. One solution is to introduce the power control signaling for backhaul DL so that the DL-Rx power and UL-Rx power can be around the same level. The following two schemes can be considered, either separately or jointly.
· Scheme 1: The IAB node indicates to its parent an expected power offset to its parent node, where the power offset refers to the difference between the expected received power of PDSCH and the received power of a reference signal or channel such as CSI-RS or SSB. Note that if there is additional signaling (other than power control purpose) to tell the dedicated resources (including time/frequency granularities) for FDM/SDM multiplexing, this reported power offset may be only applicable to that dedicated resources. 
· Scheme 2: The parent node indicates the IAB node the planned transmission power level of PDSCH that would be potentially received in the FDM/SDM multiplexed resource at the IAB node. The indication signaling can be the absolute transmission power or the power offset relative to SSB. Upon receiving this indication, the IAB node can estimate the received power level of PDSCH and schedules the access uplink transmissions accordingly. The existing signaling such as powerControlOffset and powerControlOffsetSS can be used with some potential enhancements, such as time/frequency granularities corresponding to SDM/FDM resources. 
Proposal 3: One of the following power control schemes should be supported for FDM/SDM. 
· The indication from IAB node to the parent for the expected received power on parent link DL of the IAB node.
· The indication from parent node to the IAB node for the planned transmission power on parent link DL of the IAB node.
2.3 CLI and interference measurements for simultaneous operation
IAB node related CLI was identified but not fully discussed in Rel-16. There can be two scenarios as mentioned in SI.  
· Inter-node CLI: CLI mitigation techniques including advanced receivers and transmitter coordination were studied and prioritized in terms of complexity and performance. CLI mitigation techniques should be able to manage the following inter IAB-node interference scenarios:
-	Case 1: Victim IAB-node is receiving in DL via its MT, interfering IAB-node is transmitting in UL via its MT;
-	Case 2: Victim IAB-node is receiving in DL via its MT, interfering IAB-node is transmitting in DL via its DU;
-	Case 3: Victim IAB-node is receiving in UL via its DU, interfering IAB-node is transmitting in UL via its MT;
-	Case 4: Victim IAB-node is receiving in UL via its DU, interfering IAB-node is transmitting in DL via its DU.
· Intra-node CSI: Interference experienced at the IAB-node in case of FDM/SDM reception between access and backhaul links at a given IAB-node were considered as part of the study.
For the inter IAB node CLI, there is no essential difference between inter IAB node CLI and inter gNB CLI in Rel-15, so the inter IAB node CLI is expected to be handled by the CLI schemes introduced so far in RAN1.
In case of FDM/SDM reception between access and backhaul links at a given IAB-node, an IAB node receives from parent node and child node simultaneously. As shown in Figure 1, the transmission from child node may interfere the reception of signal sent from parent node and vice versa if these two links are not orthogonal with each other. Beam coordination between IAB node and its parent node is needed to suppress or avoid interference. For example, if the IAB node can know in advance which beam will be used for parent DL via parent’s indication/configuration, the IAB node can determine the appropriate reception beam on the child link so that these two links don’t interfere each other.
TCI is introduced in Rel-15 for UE's Rx beam indication, which can be used to allow the IAB node to know the beam used on backhaul downlink (Link 1 in Figure 1). The scheme of TCI can be a starting point for CLI coordination in IAB simultaneous reception scenario.


Figure 1 Intra-IAB CLI in SDM

Proposal 4: The existing TCI scheme can be a starting point in support of intra-IAB-node CLI mitigation.
Conclusions
Based on the discussion, we have the following observations and proposals:
Observation 1: To support case-6 timing in Rel-17 may cause following concerns.
· Misalignment of UL-Rx timing at parent for child nodes and access UEs, for which all existing solutions (TDM-based, non-TDM-based) have deficiencies. 
· RAN1 may need to revise or even re-design Rel-16 case-1 timing. 
· It is unclear whether RAN4 should re-define the UL-Tx timing requirement once the UL-Tx timing is decoupled from TA process and aligned with DL-Tx timing, and, if yes, how complicated it is.    
Observation 2: Comparing to case-6 timing, case-7 timing is more feasible to implement. 
Observation 3: It needs to be determined how to handle Tx power from specification perspective – a Tx parameter controlled by IAB node and/or its parent vs. a fourth resource dimension managed by CU.  
Proposal 1: To de-prioritize case-6 timing in Rel-17.
Proposal 2: To support case-7 timing in Rel-17.
Proposal 3: One of the following power control schemes should be supported for FDM/SDM. 
· The indication from IAB node to the parent for the expected received power on parent link DL of the IAB node.
· The indication from parent node to the IAB node for the planned transmission power on parent link DL of the IAB node.
Proposal 4: The existing TCI scheme can be a starting point in support of intra-IAB-node CLI mitigation.
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