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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
This contribution focuses on the enhancements for simultaneous operation of DU and MT including: the remaining issues of timing alignment, potential power control enhancements and CLI management.
[bookmark: _Ref129681832]Timing alignment enhancement
In RAN1 #105-e, the following agreements for IAB enhancement on timing was achieved:
	Agreement
RAN1 to downselect how the IAB-MT Tx timing is set for Case 6 timing at a given IAB-node:
· Alt1: the IAB-MT Tx timing is obtained by the node via the legacy TA loop plus an offset from the parent node.
· FFS details of the required offset.
· Alt2: the IAB-MT Tx timing is set by the node to the timing obtained for the node’s DL Tx.
· Alt3: the IAB-MT Tx timing is obtained by the node jointly with the IAB-DU Tx timing via a common offset from the parent node.
Downselection to consider at least the following aspects:
· Dependency of DL synchronization schemes at the IAB-DU
· Potential additional signaling overhead.
· Achievable DU Tx / MT Tx alignment error tolerance.
· Suitability for switching between timing modes.

Agreement
RAN1 to downselect how the IAB-MT Tx timing is set at an IAB-node for Case 7 timing at the parent node:
· Alt1: the IAB-MT Tx timing of the node is obtained via the legacy TA loop plus an offset from the parent node.
· FFS details of the required offset
· Alt2: the IAB-MT Tx timing of the node is obtained via the legacy TA loop from the parent node.
· Alt3: the IAB-MT Tx timing of the node is obtained via a Case 7 specific TA loop from the parent node.
Downselection to consider at least the following aspects:
· Potential impact to OTA synchronization availability for DU Tx at the IAB-node.
· Potential additional signaling overhead.
· Suitability for switching between timing modes.

Agreement
An IAB-node is indicated when Case 6 timing is performed at the IAB-node.
· FFS details of the indication (e.g. semi-static and/or dynamic, implicit and/or explicit, linkage to multiplexing capability, etc.).
FFS whether an IAB-node is also indicated when Case 7 timing is performed at the IAB-node.



Remaining issue of Case 6 timing
It was agreed that Case 6 timing mode operation at an IAB-node is controlled by the parent node to which the UL transmission is intended for. However, how to achieve this control is still not clear. There are three alternatives to be down selected for parent node to enable Case 6 timing mode at the IAB node:
Alt 1: Enabling Case 6 timing based on the legacy TA loop plus an offset
With this alternative, an IAB-MT maintains the legacy TA and applies an offset to the legacy TA to make sure MT UL Tx timing is aligned to DU DL Tx timing at the IAB node. The main issue with Alt 1 is how to determine the offset to ensure the Tx timing alignment at MT and DU, as the parent node does not know precisely the DU DL Tx timing of IAB node. The RAN4 requirement of the maximum synchronization error between two nodes is 3μs in a TDD system. If the parent node determines the offset based on its DU Rx timing, TA and TA offset, then the offset for Case 6 timing may also include this timing error. Especially for the case that child node equipped with GNSS while parent node obtains Tx timing via OTA manner. In another word, the IAB-MT may have up to 3μs Tx timing error comparing to its DU Tx timing. In such case, the TA based Case 6 timing may not be aligned to IAB-DU Tx timing, which may even exceed the CP. For example, the CP length for 120kHz SCS is about 585.936ns, which is quite small compare to the timing error mentioned above. Thus the misalignment introduced by this alternative may lead to significant performance degradation.
Observation 1: Enabling Case 6 timing based on TA loop plus an offset cannot align the Tx timing between MT and DU at the IAB node, which leads to significant performance loss.
Alt 2: Enabling Case 6 timing by referring to the co-located DU-TX timing
With this alternative, the IAB-MT sets its Tx timing to align with co-located DU Tx timing. Considering that IAB-DU Tx timing is known at IAB, IAB-MT can simply set its Tx timing by taking the DU Tx timing as the reference. In this way, Tx timing alignment between MT and DU can be guaranteed. 
Alt 3: Enabling Case 6 timing obtained via a common offset from the parent node
The prerequisites of Alt 3 is OTA timing was implemented for DU to determine its Tx timing. Since a common offset is signaled, the Tx timing of MT can be determined jointly with DU Tx timing. However, this solution may not be efficient when an IAB acquires its DU DL timing via GNSS. In such case, the MT Tx timing obtained based on the offset sending by parent node may be different from the DU Tx timing which acquires from the GNSS. Thus, Alt 3 does not work when GNSS is implemented and also it brings more complexity since TA offset signaling is always required to enable Case 6 timing.
To sum up, Alt 2 is more preferred which allows IAB MT determining MT-TX timing refer to co-located DU-TX timing.
Proposal 1: To achieve Case 6 timing, IAB MT can determine its Tx timing by referring to co-located DU Tx timing.

Remaining issue of Case 7 timing
On the determination of Case 7 timing, three possible alternatives are discussed as follows:
Alt 1: Only one TA (for legacy UL Tx timing) plus an offset.
Case 7 timing can be achieved by one TA (as for legacy UL Tx timing) plus an offset. When IAB node is operating with TDM mode, IAB-MT obtain TA by existing mechanism like a normal UE (as for Case 1 timing). When IAB node decides to enable simultaneous reception, an offset can be provided by parent node to IAB-MT to adjust its Tx timing. In this solution, the offset apply to TA should be determined and indicated over the air. IAB MT only needs to maintain one TA loop. Considering the offset between Case 1 TA and Case 7 TA is fixed, then one TA for Case 1 maintained by IAB is enough.
Alt 2: Case 7 timing obtained via the legacy TA loop from the parent node
In this alternative, only one TA loop is maintained and the parent node only has one timing mode. Since only one TA loop is maintained by the child node, the complexity does not increase. However, in this case, it is difficult to support dynamic switching between Case 1 and Case 7 with only one TA. Dynamic switching between different multiplexing cases can bring more flexibility for scheduling as the simultaneous operation provides more transmission/reception opportunity for IAB node. To switch between Case 7 and Case 1 with one TA loop, TAC has to be used. In current specification TAC sending by the MAC-CE only support a limited range (by using 6 bits in a MAC-CE to indicate values from 0 to 63). The Case 7 timing may not be achieved based on Case 1 timing plus one TA command. One may argue that multiple TA command can be utilized to adjust the UL timing from Case 1 to Case 7. However, TAC is send by MAC-CE which is conveyed by PDSCH and required HARQ-ACK. Sequentially multiple TAC brings huge signaling delay and extra overhead, hence Alt 2 is not preferred. 
Alt 3: Case 7 timing obtained via a Case 7 specific TA loop from the parent node (multiple TAs) 
Another possible solution is to maintain two TA values at IAB MT. When parent node is operating in TDM mode, the child node MT uses the TA based on existing mechanism as other UEs. When parent node expects simultaneous reception, another TA can be signaled to child node MT. Hence, two TA values should be indicated separately and maintained simultaneously at IAB MT. This increases implementation complexity and would requiring extra TA signaling. And it seems not necessary to support extra TA since the offset of UL Tx timing between Case 1 and Case 7 is always fixed.
Proposal 2: Case 7 timing can be achieved based on existing TA framework, i.e. existing TA for legacy UL Tx timing plus an offset.
On indication of timing modes
During the initial setup of an IAB node, IAB-MT would need to acquire its UL Tx timing as a normal UE. At this stage, IAB-MT uses the legacy UL Tx timing. In addition, it is preferred that the legacy UL Tx timing can be maintained by the IAB-MT so that it can be co-scheduled with ordinary UEs. Note that the main motivation to support simultaneous MT-Tx/DU-Tx and MT-Rx/DU-Rx is for spectral efficiency enhancement. In case of SDM operation, the IAB-MT can switch to either Case 6 or Case 7 timing. The conditions to initiate the switching between TDM and SDM operation is up to implementation. Dynamic switching between legacy UL Tx timing and Case 6/7 timing is required for better scheduling flexibility. For example, when the IAB node and UEs are multiplexing scheduled by parent node, Case 1 timing can be used. However, if only the IAB node is scheduled, then enhance timing mode may be utilized.
Proposal 3: Dynamic switching between legacy UL Tx timing and Case 6/7 timing should be supported, and the condition of enabling timing mode can be up to implementation.
Potential guard symbol enhancements for timing modes
Guard symbol was introduced in Rel-16 and it provides sufficient time for IAB node to switch between MT Tx/Rx and DU Tx/Rx assuming TDM operation. However, when IAB operates with timing modes other than Case 1, i.e. Case 6/7, the TX timing of IAB MT or the Rx timing of IAB-DU may be different. Thus the guard interval between MT and DU should also be different. In following figure, an example is illustrated for which considering MT UL Tx operation switch to DU DL Tx operation. When IAB MT uses Case 6 timing in last slot, and DU will transmit DL signal in next slot, one guard symbol may be required. When IAB MT using Case 1 timing in last slot, and DU will transmit DL signal in next slot, no guard symbol may require at DU since the MT UL Tx finished in advance due to the TA. 
[image: ]
Figure 1: An example of guard symbols for different timing modes
There are in total 8 cases defined for guard symbols: 4 cases among them need to be considered separately due to the different MT UL Tx timing compare to Case 1 on guard symbol indication for Case 6 and Case 7, which are shown in Table 1. 
Table 1: Guard symbol for Case 6 and Case 7
	Switching scenario
	Field for number of guard symbols in MAC CE

	IAB-MT operation to IAB-DU operation
	MT Rx to DU Tx
	NmbGS1

	
	MT Rx to DU Rx
	NmbGS2

	
	MT Tx to DU Tx
	NmbGS3

	
	MT Tx to DU Rx
	NmbGS4

	IAB-DU operation to IAB-MT operation
	DU Rx to MT Tx
	NmbGS5

	
	DU Rx to MT Rx
	NmbGS6

	
	DU Tx to MT Tx
	NmbGS7

	
	DU Tx to MT Rx
	NmbGS8



Proposal 4: For IAB supporting Case 6 or Case 7 timing, guard symbols should be reported/indicated per timing mode. 
Power control enhancements
In RAN1 #105-e, the following agreements for IAB enhancement on power control was achieved:
	Agreement
Decide in RAN1#106-e whether to support an IAB-node indicating assistance information to help with its MT’s UL TX power control. The assistance information can be:
· FFS: Desired TX power
· FFS: Offset to a baseline PHR
· FFS: Desired dynamic range
FFS: whether this information is provided to the parent-node, the CU, or both.
FFS: whether the MT’s UL TX power control formula needs to be changed 

Agreement
The information to assist DL power allocation of the parent-node is indicated by the IAB-MT to the parent node DU in terms of desired power adjustment.
· FFS applicability of assistance information, e.g. per multiplexing scenario, per resource, etc.


UL power control 
When the MT and DU of an IAB node are transmitting simultaneously, the power gap between the MT signal and DU signal cannot be too large, otherwise the transmitting quality of weaker signal cannot be guaranteed. For example, when the MT and DU signals are FDM, the out-of-band emission of the stronger signal may degrade the EVM of the weaker signal dramatically as shown in Figure 2. To reduce the power gap, the uplink power control of MT can be enhanced.
[bookmark: _GoBack][image: ] 
Figure 2: The transmission power gap between MT and DU in SDM/FDM mode
One possible solution mentioned in the previous meeting is legacy UL power control mechanism including power headroom report (PHR). Legacy UL power control mechanism is mainly used by network to adjust UE transmission power. Of course this mechanism should be supported in the context of IAB. However, this mechanism only allows parent node to control child node UL Tx power but parent node has no idea of child node desired Tx power in order to support simultaneous transmission. On the other hand, PHR was used by the UE to report its UL power headroom, with this reporting, network can use it for UL scheduling, e.g., the network can determine whether it is possible to further increase UE transmission power for better coverage. However, the PHR has nothing to do with the adjustment of the transmission power. In order to support simultaneous transmission at an IAB node, when the IAB node MT intends to raise its transmission power to match co-located DU transmission power, the PHR mechanism (including offset) will not work. With this information, parent node may consider the power headroom of child node MT has changed and it still cannot to help parent node to determine a range for UL Tx power of child node MT. 
To support the enhanced multiplexing mode, some assistance information can be indicated to the parent node from IAB- MT so that the parent node DU may adjust power control parameters to allow the IAB-MT to adapt to its desired Tx power. It should be noted that one may also need to take the transmission bandwidth into account. With the same output power, the transmitting power over the air may be different with different bandwidth. As the assistant information should be able to help parent node determine UL Tx power of child node MT under different scheduling bandwidth. Thus a desired PSD range could be considered as the assistant information. 
Proposal 5: To assist the parent node in determining the IAB-MT UL Tx power for simultaneous operation, the desired PSD range should be considered. 
Since the power control parameters based on the assistance information is mainly targeting SDM operations, a different power control parameters may be used for TDM operation. The dynamic switching between different power control parameters corresponding to different operation mode should be supported.
Proposal 6: The dynamic switching between different power control parameters for different operation modes should be supported. 
DL power control
For the case of simultaneous reception of MT and DU, the reception power gap between two links should not be too large, otherwise the IAB node may not be able to detect the weaker signal. As a potential solution, a mechanism that support indicating information to assist with the DL power control by an IAB node was agreed in previous meeting. The remaining issue is applicability of assistance information for DL power control, e.g. per multiplexing scenario, per resource, etc. Recall the initial motivation to support this feature, the assistance information for DL power control was intended to better support simultaneous operation MT and DU. The issue of “per resource” is parent node may not be aware of the multiplexing scenario of the child node on the specific resource. For example, on a symbol which MT is receiving DL and DU is configured as soft UL, the parent node does not know whether child node enable simultaneous reception or not at such symbol. 
Proposal 7: The assistance information for DL power control should be considered as a part of multiplexing condition and the applicability is related to multiplexing scenario.  
CLI management
In RAN1 #104-e and RAN1 #105-e, the following agreements for IAB enhancement on IAB CLI was achieved:
	RAN1 #104-e
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)
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.
RAN1 #105-e
Agreement
Rel-16 CLI coordination signalling (Intended TDD DL-UL Configuration) is extended to support IAB specific UFD patterns.
· FFS: Support the exchange of IAB-DU H/S/NA resource configuration information among neighbouring IAB-nodes/IAB-donors for CLI management purposes.




Framework of IAB CLI
The interference from MT to MT and from DU to DU are typically in SDM operation. The interference from MT to DU and from DU to MT are similar to the inter-cell interference between UE and BS. For the CLI from MT to MT, one possible solution for interference measurement is to reuse SRS-based UE-UE interference management mechanism introduced in Rel-16, i.e. victim IAB MT can measure the SRS transmitted by other MT. Meanwhile for CLI from MT to DU and CLI from DU to DU, it may require to specify DU measurement and reporting behavior according to an UL/DL signal for potential CLI management enhancements. For the CLI from DU to MT, similar to the legacy framework, the interference can be measured by downlink reference, i.e. SSB and CSI-RS. 
Considering various interference scenarios, the interference source could be MT and DU, and the interference measurement may base on both UL and DL signals. It may be complicated and require huge specification efforts to design case-specific solution for each interference scenario.
Observation 2: To deal with IAB interference scenarios case by case may be complicated and require lots of specification efforts.
Compare to the CLI from DU to MT, the interference source of CLI from MT to MT  is MT. Considering the CLI measurement accuracy, the interference source MT may need to adjust its Tx timing. Coordination is required to determine this timing adjustment and Tx timing adjustment on IAB MT may have an impact on parent node scheduling.  The interference signal for measurement can be transmitted by co-located DU with the same transmission beam. By using the same TX beam, the effect of CLI from MT to MT can also be measured by DL reference signals. Since the signal is transmitted by DU, timing accuracy is guaranteed. Similar as the CLI from MT to DU, the interference signal from MT can be replaced by DL signal transmitted by co-located DU with the same TX beam. Also the measurement can be performed by co-located MT at victim node using the same RX beam. For the CLI from DU to DU, victim IAB node can measure the interference by its MT with the same RX beam of its co-located DU. 
Proposal 8: For the IAB DU-to-DU CLI measurement and report, support option 1.3/2.3, i.e. enhanced MT-based measurement/report.
It is clear that if mechanisms can be introduced to coordinate and configure the TX/RX beam for CLI, all interference scenarios in IAB can be unified.
Proposal 9: For all IAB CLI scenarios, a unified CLI measurement framework based on interference measurement from DU to MT can be adopted:
· For MT to DU and MT to MT: transmit DL reference signal at interference source DU with the same TX beam as co-located MT;
· For MT to DU and DU to DU: measure DL reference signal at victim node MT with the same RX beam as co-located DU.
Resource coordination 
In RAN1#105-e, it was agreed that the Rel-16 CLI coordination signaling (Intended TDD DL-UL Configuration) is extended to support IAB specific UFD patterns. It was FFS that whether to support the exchange of IAB DU resource type (Hard/Soft/NA). By providing the resource type of DU, neighboring nodes/cell can have better interference coordination and better resource utilization efficiency. For example, a cell can perform scheduling despite the TDD configuration on a NA resource of neighboring cell indicated by an intended TDD information. Similarly, on a hard resource, the interference needs to be considered before scheduling.
The information exchange scheme should be extended to frequency domain in case of FDM operation. In detail, in a slot for an FDMed DU cell, some RB sets may transmit/receive due to the resource configured as hard/soft-IA, however some RB sets may not transmit/receive. Besides, as the TDD configuration of UFD patterns may use for SDM/FDM operation, such type of TDD configuration may also applicable for some RB sets of a DU cell. It is beneficial to provide information considering FDM in Intended TDD DL-UL Configuration, thereby neighbor cells can perform interference management on partial frequency resources.
Proposal 10: In case of FDM operation, the frequency-domain H/S/NA configuration of IAB-DU can be exchanged in addition to the Intended TDD DL-UL Configurations.


Conclusions
In this paper, we observe and propose:
Observation 1: Enabling Case 6 timing based on TA loop plus an offset cannot align the Tx timing between MT and DU at the IAB node, which leads to significant performance loss.
Observation 2: To deal with IAB interference scenarios case by case may be complicated and require lots of specification efforts.

Proposal 1: To achieve Case 6 timing, IAB MT can determine its Tx timing by referring to co-located DU Tx timing.
Proposal 2: Case 7 timing can be achieved based on existing TA framework, i.e. existing TA for legacy UL Tx timing plus an offset.
Proposal 3: Dynamic switching between legacy UL Tx timing and Case 6/7 timing should be supported, and the condition of enabling timing mode can be up to implementation.
Proposal 4: For IAB supporting Case 6 or Case 7 timing, guard symbols should be reported/indicated per timing mode. 
Proposal 5: To assist the parent node in determining the IAB-MT UL Tx power for simultaneous operation, the desired PSD range should be considered. 
Proposal 6: The dynamic switching between different power control parameters for different operation modes should be supported. 
Proposal 7: The assistance information for DL power control should be considered as a part of multiplexing condition and the applicability is related to multiplexing scenario. 
Proposal 8: For the IAB DU-to-DU CLI measurement and report, support option 1.3/2.3, i.e. enhanced MT-based measurement/report.
Proposal 9: For all IAB CLI scenarios, a unified CLI measurement framework based on interference measurement from DU to MT can be adopted:
· For MT to DU and MT to MT: transmit DL reference signal at interference source DU with the same TX beam as co-located MT;
· For MT to DU and DU to DU: measure DL reference signal at victim node MT with the same RX beam as co-located DU.
Proposal 10: In case of FDM operation, the frequency-domain H/S/NA configuration of IAB-DU can be exchanged in addition to the Intended TDD DL-UL Configurations.
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