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Introduction
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 had been discussed. In this contribution, we will continue to provide views on these three aspects.
	 Agreements of RAN1 #102-e[1]
Agreement:
· Case 7 timing is supported in Rel-17 for IAB-nodes operating in multiplexing scenario Case 2 (simultaneous MT-Rx/DU-Rx)
· Case 6 timing is supported in Rel-17 for IAB-nodes operating in multiplexing scenario Case 1 (simultaneous MT-Tx/DU-Tx)
· RAN1 should strive to minimize specification impact due to this feature
· FFS: Whether Case 7 timing is supported in Rel-17 for IAB-nodes operating in multiplexing scenario Case 4 (simultaneous MT-Tx/DU-Rx)
Agreement
· Based on the WID, the following multiplexing cases are in scope for potential support in Rel-17:
· 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 
· Further study for for Case A and Case B at least the following scenarios:
· Single or multi-panel IAB nodes operating in unpaired spectrum (FR1 and FR2 bands)
· Further study for Case C and Case D at least for the following scenarios:
· Multi-panel IAB nodes operating in unpaired spectrum (FR1 and FR2 bands) 
· FFS: Required level of specification impact to support the different cases. Any additional specification support in Rel-17 should be conditioned on feasibility from an interference and reliability perspective on a per-link and network basis 



Some enhancements for simultaneous operation
2.1 Timing cases for simultaneous operation
Case-6 timing for MT-Tx/DU Tx
Due to the fact that the alignment between IAB node’s UL-Tx timing and its DL-Tx timing is required, case-6 timing will break legacy TA mechanism. This is because UL-Rx timing at the parent node could be different between IAB nodes and access UEs covered by the parent node. In this situation, the interference between IAB nodes and access UEs covered by the parent node will be caused due to UL receiving timing misalignment at the parent node side. To overcome UL-Rx timing asynchronization, IAB nodes and access UEs covered by the parent node are proposed to be separated by TDM. However, the issue of UL-Rx timing asynchronization between IAB nodes under the same parent node due to different transmission propagation still exists, which means that TDMed slots may also be needed between those IAB nodes. For UEs, the scheme with TDMed slots can be seen as scheduling issue. But for IAB nodes, it is not enough just via scheduling, and the exact timing of each IAB node needs to be identified to perform simultaneous MT-Tx/DU-Tx. On the other hand, if the IAB nodes only work with case-6 timing, the alignment mechanism of DL-Tx timing in case-6 needs to be reconsidered. However, if IAB node works with case-1 timing and case-6 timing, it is natural to achieve the DL-Tx timing alignment by the scheme for case-1 timing defined in Rel-16.
Observation 1: In multiplexing Case A, TDM-based resource allocation among access UEs and different child IAB nodes should be applied to resolve the UL-Rx timing asynchronization issue caused by case-6 timing alignment.
From the perspective of IAB-MT, two types of UL-Tx timing are maintained to support TDMed case-1 timing + case-6 timing, one is the normal UL-Tx timing derived from Rel-15 TA mechanism, another is the same as its DU-Tx timing derived from Rel-16 case-1 timing. Base on above discussion, we have the following proposal:
Proposal 1: Parent node can indicate which timing between case-1 timing and case-6 timing is used for UL transmission at a particular slot to its child node. 
If only case-6 timing is applied, in addition, it will also seriously affects RAN4’s specification work. Such as, the parent node needs to have maintenance of multiple separate UL-Rx timings from different IAB nodes and access UEs. Moreover, similar as the definition of UE’s UL transmitting timing, UL transmission timing error, autonomous time adjustment and timing advance adjustment accuracy for IAB node should be reconsidered.
Observation 2: Case-6 timing will also seriously affect RAN4’s specification work.
Proposal 2: UL-Tx timing of case-6 timing should be further studied by RAN4. 
Case-7 timing for MT-Rx/DU-Rx
Due to the fact that the alignment between IAB node’s UL-Rx timing and its DL-Rx timing is required, case-7 timing may result in potential negative TA in access uplink when transmission propagation of backhaul link is larger than 2 times of transmission propagation of access link, which is a key issue of case-7 timing. During Rel-15 SI, several typical methods had been investigated, e.g., to introduce absolute negative TA, to signal a relative offset for the most recent TA, to obtain positive TA with symbol level alignment. Among these methods, in case of negative TA occurs, Rel-15/16 UEs compatibility should be guaranteed.
If the same UL-Rx timing at the parent node is always assumed between IAB-MTs and access UEs, the methods with absolute negative TA or relative offset for the most recent TA which can be categorized as slot level alignment method has obvious shortcoming that it is hard to maintain Rel-15/16 UEs compatibility. To get the desired negative TA value, the former requires a long term adjustment process with multiple TA commands by legacy TA mechanism which would result in more overhead of TA commands and a long time delay. The latter is not supported by legacy UE because the signaling of offset cannot be recognized by UEs. Therefore, these two slot level alignment seems inefficient to resolve negative TA issue at UEs. If the UL-Rx timing at the parent node could be different between IAB-MTs and access UEs, then TDMed mechanism (case-1 timing + case-7 timing) could be further considered.
On the contrary, the method with symbol level alignment can be used to avoid negative TA issue by advancing IAB node’s UL-Rx timing until the TA becomes positive and meanwhile aligning UL-Rx timing and DL-Rx timing with symbol granularity. Obviously, this method has better Rel-15/16 UEs compatibility.
Observation 3: Slot level alignment of case-7 timing may have more compatibility issues with legacy access UEs.
Proposal 3: Symbol level alignment between IAB node’s UL-Rx timing and DL-Rx timing should be supported as a solution to resolve potential negative TA issue of case-7 timing.
‘Case-7 timing’ for MT-Tx/DU-Rx
First of all, we think whether “case-7 timing” is supported in Rel-17 for IAB-nodes operating in multiplexing scenario with simultaneous MT-Tx/DU-Rx depends on the clear decision whether MT-Tx/DU-Rx still needs to support when multi-panel does not have good isolation, otherwise, the requirement to perform the timing of MT-Tx/DU-Rx with “case-7 timing” should be completely omitted. However, the decision itself is uncertain, thus, it is not very urgent to discuss this FFS.
Observation 4: Whether “case-7 timing” is supported for simultaneous MT-Tx/DU-Rx depends on the clear decision whether MT-Tx/DU-Rx still needs to support when multi-panel does not have good isolation. If no, the FFS should be completely omitted.
As discussed and clarified during RAN1 #102-e, “case-7 timing” for simultaneous MT-Tx/DU-Rx here is the alignment between UL-Tx timing and UL-Rx timing, which is obvious difference from the definition of case-7 timing proposed during Rel-15 SI.
Observation 5: The so-called “case-7 timing” for simultaneous MT-Tx/DU-Rx is a new kind of timing mode which has not been discussed during Rel-15 SI.
Generally, for MT-Tx/DU-Rx timing alignment, some companies assume that it is similar as MT-Rx/DU-Rx timing alignment, i.e., just make DU-Rx timing to align with the determined MT Tx/Rx timing. But from our point of view, MT-Tx/DU-Rx timing alignment has some particular issues, for example, it will increase time offset between UL-Rx timing and DL-Tx timing at the IAB node due to advanced UL-Rx timing, and such offset increment would be accumulated hop by hop. In other words, time offset between UL-Rx timing and DL-Tx timing at the n-th hop IAB node contains all the components of transmission propagation delay at the first (n-1) hops. On the other hand, T_delta defined for case-1 timing directly reflect the time offset and its lower limit is -70528 Tc, in other words, in order to keep the coverage unaffected of each hop, it may lead to the value of time offset be out of the current range of T_delta due to the chain reaction. In addition, any adjustment of UL-Tx timing of an IAB node on n-th hop may lead to adjustments of UL-Tx timing in IAB nodes that are on all follow-up hops. The worse is that these adjustments inside IAB nodes may not be able to well sync-up with each other and it is hard for IAB node and its parent to know when the sync-up is well-done. 
Observation 6: If MT-Tx/DU-Rx timing alignment was supported, several serious problems may happen due to chain reaction:
· The time offset between UL-Rx timing and DL-Tx timing (i.e., Tdelta) would be increased as IAB node’s hopping number increases.
· Any adjustment of UL-Tx timing of an IAB node would lead to adjustments of UL-Tx timing on all its follow-up hops.
Base on the above analysis, we give the following proposal:
Proposal 4: So-called “case-7 timing” is not supported for multiplexing case D (i.e., simultaneous MT-Tx/DU-Rx).
2.2 Power control/sharing for simultaneous operation
The feature lead summary in RAN1 #102 e-meeting had provided the following proposals [2]:
	FL Proposal 5.1c:
The following power control mechanisms for a given IAB-node should be further studied:
· DL power control with assistance information from the child node for at least Rx imbalance mitigation at child node
· DL power control with assistance information from the parent node for at least Tx imbalance mitigation at IAB-node
· UL power control with assistance information from the child node for Tx imbalance mitigation at child node
· UL power control with assistance information from the parent node for Rx imbalance mitigation at IAB-node



For an IAB node, we can observe from the FL Proposal 5.1c that both DL power control refers to IAB-DU DL power control and UL power control refers to child-MT UL power control should be further studied in Rel-17.
DL power control for IAB-DU
Similar to UL power control of NR access UEs, the parameters used for DL power control of IAB-DU should associated with beam information. In practice, DU can use different beams in different time and this would lead to different RX power and DL pathloss at its child node.
Proposal 5: Beam depended DL power control of IAB-DU should be considered (e.g., different PC parameters could be associated with different TCI states, or CSI-RSs).
For simultaneous DU-Rx/MT-Rx at child node, the child node can indicate expected DL Rx power (or equivalent parameters) to IAB node to ensure Rx power balance.
Proposal 6: Expected DL Rx power level or equivalent parameters could be indicated from child node to IAB node to assist the DL power control of IAB-DU.
For simultaneous DU-Tx/MT-Tx at IAB node, if MT Tx on backhaul link and DU Tx on access link operate simultaneously and share the same power amplifier, power sharing/coordination between the two links needs to be studied in order to ensure Tx power balance and keep the total Tx power not higher than the maximum allowed Tx power at IAB node. Therefore, IAB node needs to consider UL power control parameters of IAB-MT from parent node for determining DL power control parameter of IAB-DU.
UL power control for child-MT
UL power control mechanism of NR access UEs can be used as a starting point of UL power control of MTs to minimize the impact on specification.
Proposal 7: UL power control mechanism of NR access UEs can be used as a starting point of UL power control mechanism for MTs to minimize the impact on specification.
For simultaneous DU-Tx/MT-Tx at child node, power sharing/coordination needs to be studied in order to ensure Tx power balance and total Tx power not higher than the maximum allowed Tx power. In this case, the maximum allowed Tx power for child-MT equals to the maximum allowed Tx power of child node minus reserved DL Tx power for child-DU. While parent link and child link of child node are multiplexing in TDM manner, the maximum allowed Tx power for child-MT can equal to the maximum allowed Tx power of child node to make full use of power resources. Therefore, for different multiplexing scenarios or time resources child node may have different maximum allowed Tx power to IAB node. For simultaneous DU-Rx/MT-Rx at IAB node, IAB node can estimate DL Rx power of IAB-MT according to DL power control parameters of parent-DU and control UL Tx power of child-MT in order to ensure Rx power balance.
Proposal 8: For UL power control of child-MT, different maximum allowed Tx power can be indicated to IAB node for different multiplexing scenarios or time resources.

2.3 CLI and interference measurements for simultaneous operation
IAB node related CLI was identified but not fully discussed in Rel-16. 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 for 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 for multiplexing Case B
Proposal 9: The existing TCI scheme can be a starting point in support of CLI mitigation for multiplexing Case B.
In case of FDM/SDM transmission between access and backhaul links at a given IAB-node, an IAB node transmits to parent node and child node simultaneously. As shown in Figure 2, the transmission for child node may interfere the reception of parent node and vice versa if these two links are not orthogonal with each other. Beam coordination for 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 its MT UL transmission via parent’s indication/configuration, the IAB node can determine the appropriate transmission beam for the child link so that these two links don’t interfere each other.
SRI is introduced in Rel-15 for UE's Tx beam indication, which can be used to allow the IAB node to know the beam used on backhaul uplink (Link 1 in Figure 2). The scheme of SRI can be a starting point for CLI coordination in IAB simultaneous transmission scenario.


Figure 2 Intra-IAB CLI for multiplexing Case A
Proposal 10: The existing SRI scheme can be a starting point in support of CLI mitigation for multiplexing Case A.
Conclusion
According to the discussion above, we provide the following observations and proposals:
Proposal 1: Parent node can indicate which timing between case-1 timing and case-6 timing is used for UL transmission at a particular slot to its child node. 
Proposal 2: UL-Tx timing of case-6 timing should be further studied by RAN4. 
Proposal 3: Symbol level alignment between IAB node’s UL-Rx timing and DL-Rx timing should be supported as a solution to resolve potential negative TA issue of case-7 timing.
Proposal 4: So-called “case-7 timing” is not supported for multiplexing case D (i.e., simultaneous MT-Tx/DU-Rx).
Proposal 5: Beam depended DL power control of IAB-DU should be considered (e.g., different PC parameters could be associated with different TCI states, or CSI-RSs).
Proposal 6: Expected DL Rx power level or equivalent parameters could be indicated from child node to IAB node to assist the DL power control of IAB-DU.
Proposal 7: UL power control mechanism of NR access UEs can be used as a starting point of UL power control mechanism for MTs to minimize the impact on specification.
Proposal 8: For UL power control of child-MT, different maximum allowed Tx power can be indicated to IAB node for different multiplexing scenarios or time resources.
[bookmark: _GoBack]Proposal 9: The existing TCI scheme can be a starting point in support of CLI mitigation for multiplexing Case B.
Proposal 10: The existing SRI scheme can be a starting point in support of CLI mitigation for multiplexing Case A.

Observation 1: In multiplexing Case A, TDM-based resource allocation among access UEs and different child IAB nodes should be applied to resolve the UL Rx timing asynchronization issue caused by case-6 timing alignment.
Observation 2: Case-6 timing will also seriously affect RAN4’s specification work.
Observation 3: Slot level alignment of case-7 timing may have more compatibility issues with legacy access UEs.
Observation 4: Whether “case-7 timing” is supported for simultaneous MT-Tx/DU-Rx depends on the clear decision whether MT-Tx/DU-Rx still needs to support when multi-panel does not have good isolation. If no, the FFS should be completely omitted.
Observation 5: The so-called “case-7 timing” for simultaneous MT-Tx/DU-Rx is a new kind of timing mode which has not been discussed during Rel-15 SI.
Observation 6: If MT-Tx/DU-Rx timing alignment was supported, several serious problems may happen due to chain reaction:
· The time offset between UL-Rx timing and DL-Tx timing (i.e., Tdelta) would be increased as IAB node’s hopping number increases.
· Any adjustment of UL-Tx timing of an IAB node would lead to adjustments of UL-Tx timing on all its follow-up hops.
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