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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, DL/UL power control/sharing, and CLI and interference measurements were discussed. In this contribution, more views on these aspects are provided.
Enhancements for simultaneous operation
2.1 Timing cases for simultaneous operation
The following agreements have been made in RAN1#105-e on timing [1]:
	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.




IAB-MT Tx timing for case-6 timing
For case-6 timing, two goals should be ensured, one is to obtain the UL-Tx timing of the IAB node. Another is, as the definition of case 6 timing, to align the UL-Tx timing to the DL-Tx timing. For alt1, it tends to obtain the UL-Tx timing of the IAB node via the legacy TA loop (i.e., the TA of TDMed case-1 timing) plus an offset from the parent node, and a remaining issue is how to ensure that UL-Tx timing is aligned to DL-Tx timing. However, because the accuracy of TA mechanism largely depends on the implementation of IAB-MT, the ultimate goal of case 6 timing cannot be well guaranteed if alt1 were used. On the other hand, note that the offset is essentially different from T_delta. T_delta represents 1/2 of the deviation Tg between UL-Rx timing and DL-Tx timing of parent node, i.e., T_delta=-Tg/2. However, in addition to the Tg component, the offset also includes one trip Tp between parent node and IAB-node, i.e., offset=-(Tg+Tp). In other words, parent node needs to maintain the calculation of one trip Tp in order to obtain the offset, which will increase the complexity of the parent node, the offset itself takes more signaling overhead, and the standard also needs to define the granularity and range of the offset. Similarly, alt3 also has the above disadvantages due to common offset.
On the contrary, alt2 aligns UL-Tx timing to DL-Tx timing in a more direct way without less/no normative work.
[bookmark: _Toc16695][bookmark: _Toc30230][bookmark: _Toc79225779]IAB-MT Tx timing of case-6 timing is directly set to the IAB-DU Tx timing (Alt 2).
IAB-MT Tx timing for case-7 timing
For alt1 of case-7 timing, it has the following disadvantages, e.g., the complexity of parent node to maintain one more offset calculation. Offset information also costs more signalling overhead. The standard has to define the granularity and range of the offset. Alt3 requires two sets of TA loops, more signalling overhead of the 2nd TA loop than alt 1 is required. For alt2, the IAB-MT Tx timing of the node is obtained via the legacy TA loop without new signalling and specification effort, e.g., symbol level alignment for case-7 timing can be achieved via legacy TA loop. Considering the disadvantages of alt1 and alt3 above, we tend to support alt2.
[bookmark: _Toc20527][bookmark: _Toc31451][bookmark: _Toc79225780]IAB-MT Tx timing of case-7 timing can be based on the legacy TA loop (Alt 2).
Switching between timing mode
Regarding switching between timing modes, whether it is dynamic or semi-static switching should be clarified. If timing mode is associated with multiplexing mode, considering that dynamic UFD and DFU resource configuration have been supported in IAB to support potential simultaneous operation, timing mode can be switched dynamically according to the actual use of dynamic UFD or DFU. If timing mode and multiplexing mode are not bound together, the switching should be informed by the parent. In order to enable flexible switching between timing modes, we prefer to switch timing mode in a dynamic way, e.g., to indicate the information for switching together with resource allocation information via DCI.
[bookmark: _Toc31167][bookmark: _Toc31075][bookmark: _Toc79225781]Dynamic switching between timing modes should be supported, e.g., to indicate the information for switching via resource scheduling DCI.
Indication for timing mode
Regarding the FFS whether an IAB-node is also indicated when case-7 timing is performed at the IAB-node. We think that timing mode is one of the preconditions for simultaneous operation, and it is also the accurate behavior of IAB-node. In other words, the switching between timing modes cannot be left to the IAB-node implementation, instead, it is better to let the parent node to control the timing mode switching at the IAB node, and the specific switching event can be left to the parent node implementation. The timing mode needs to play a role in clarifying the IAB-node behavior. For example, a prerequisite for case-7 timing to operate is the received power balance on the IAB-node side. If the parent node indicates the usage of case-7 timing at the IAB-node, it also implies that the parent node would meet the desired downlink transmission power for case 7 timing. Another example, case-1 timing in Rel-16 is also forward compatible with simultaneous Tx or Rx in some soft symbols. In order to better manage the CLI problems caused by case-7 timing and distinguish the simultaneous Rx of case-1 timing or case-7 timing, the parent node needs to indicate the timing mode of IAB-node. As discussed above, case-7 timing cannot be simply left to IAB-node's implementation, and the indication or switching of timing modes needs to be dominated by parent node.
[bookmark: _Toc19490][bookmark: _Toc13608][bookmark: _Toc79225782]An IAB-node is indicated by the parent node which timing mode (case-1/6/7 timing) should be performed at the IAB-node.
2.2 Power control/sharing for simultaneous operation
RAN1#105-e provided the following agreements on power control/sharing for simultaneous operation [1].
	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.



According to above agreements, for UL power control of an IAB node MT, RAN1 needs to further study whether to support an IAB-node indicating assistance information to help with its MT’s UL TX power control. For DL power allocation of the parent node DU of an IAB node, it is agreed that an IAB node indicates information to assist with the DL power allocation of its parent node, but applicability of assistance information, e.g. per multiplexing scenario, per resource, etc, needs to further study. This section provides some views on these aspects.
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 ensure Tx power balance and keep the total Tx power not higher than the total maximum allowed Tx power. To avoid these issues, some assist information is necessary to control Tx power. For example, the CU can provide maximum allowed UL Tx power of IAB-MT and maximum allowed DL Tx power of IAB-DU to IAB node to determine the actual Tx power.
[bookmark: _Toc11311][bookmark: _Toc27921][bookmark: _Toc1397][bookmark: _Toc2022][bookmark: _Toc14021][bookmark: _Toc31651][bookmark: _Toc26315][bookmark: _Toc7136][bookmark: _Toc71712011][bookmark: _Toc79225783]An IAB node can be configured with a maximum allowed UL Tx power of IAB-MT and a maximum allowed DL Tx power of IAB-DU in case of simultaneous DU-Tx/MT-Tx at the IAB node.
UL power control of an IAB node MT
For simultaneous DU-Tx/MT-Tx at IAB node, power sharing/coordination needs to be considered. In this case, the maximum allowed Tx power for IAB-MT is limited by the maximum allowed Tx power of IAB node and DL Tx power for IAB-DU. While backhaul link and access link of IAB node are multiplexing in TDM manner, the maximum allowed Tx power for IAB-MT can equal to the maximum allowed Tx power of IAB node to make full use of power resources. Therefore, for different multiplexing scenarios or time resources IAB-MT may have different power control parameter values. 
There are some factors, e.g. timing alignment, Tx power and beams used by IAB node DU and MT, which can impact the actual simultaneous operation capabilities. Therefore, UL power control parameters of IAB-MT should be associated with the time resource. Where time resource can be configured by parent node, or be determined according to predefined rules (e.g. associated with timing mode at IAB node).
For each time resource, there seems to be no strong motivation to support an IAB-node indicating assistance information to help with its MT’s UL TX power control.
For an IAB node performing simultaneous DU-Rx/MT-Rx, it can control UL Tx power of child-MT based on estimated DL Rx power to ensure Rx power balance.
[bookmark: _Toc384][bookmark: _Toc9088][bookmark: _Toc6976][bookmark: _Toc2174][bookmark: _Toc3266][bookmark: _Toc1364][bookmark: _Toc13860][bookmark: _Toc18911][bookmark: _Toc27069][bookmark: _Toc24383][bookmark: _Toc9323][bookmark: _Toc9005][bookmark: _Toc11573][bookmark: _Toc26885][bookmark: _Toc71712012][bookmark: _Toc2238][bookmark: _Toc68678816][bookmark: _Toc8469][bookmark: _Toc79225784]Support different UL power control parameters for different time resources of IAB MT.
· [bookmark: _Toc79225785]Legacy UL power control mechanism is reused for a given time resource with its associated UL power control parameters.
[bookmark: _Toc19102][bookmark: _Toc16240][bookmark: _Toc5180]
DL power allocation of parent node DU
Similar to UL power control of NR access UEs, the parameters used for DL power allocation of parent node DU should be 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 IAB node.
[bookmark: _Toc23713][bookmark: _Toc29761][bookmark: _Toc8173][bookmark: _Toc17583][bookmark: _Toc15441][bookmark: _Toc18791][bookmark: _Toc71712014][bookmark: _Toc19023][bookmark: _Toc20723][bookmark: _Toc30906][bookmark: _Toc6496][bookmark: _Toc19396][bookmark: _Toc16514][bookmark: _Toc18776][bookmark: _Toc29428][bookmark: _Toc21069][bookmark: _Toc372][bookmark: _Toc1155][bookmark: _Toc13587][bookmark: _Toc9985][bookmark: _Toc15174][bookmark: _Toc13749][bookmark: _Toc28805][bookmark: _Toc29828][bookmark: _Toc11198][bookmark: _Toc23524][bookmark: _Toc11804][bookmark: _Toc17997][bookmark: _Toc14591][bookmark: _Toc4152][bookmark: _Toc2987][bookmark: _Toc79225786]Beam depended DL power allocation of parent node DU should be considered, parent node DU provides DL power allocation parameters and associated beam information to IAB node MTs (e.g., different PC parameters could be associated with different TCI states, or CSI-RSs). 
For DL power allocation of a parent node DU of an IAB node, it was agreed that 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.
There are some factors, e.g. timing alignment, Tx power and beams used by IAB node DU and MT, which can impact the actual simultaneous operation capabilities (i.e. actual multiplexing scenario) at IAB node. Therefore, applicability of assistance information should be indicated per time resource by IAB node MT.
[bookmark: _Toc5791][bookmark: _Toc32033][bookmark: _Toc11293][bookmark: _Toc17309][bookmark: _Toc25701][bookmark: _Toc32184][bookmark: _Toc4804][bookmark: _Toc28925][bookmark: _Toc32384][bookmark: _Toc3192][bookmark: _Toc22725][bookmark: _Toc71712015][bookmark: _Toc11789][bookmark: _Toc25096][bookmark: _Toc20693][bookmark: _Toc5363][bookmark: _Toc12747][bookmark: _Toc1969][bookmark: _Toc22588][bookmark: _Toc4326][bookmark: _Toc16416][bookmark: _Toc27828][bookmark: _Toc17901][bookmark: _Toc719][bookmark: _Toc28043][bookmark: _Toc13301][bookmark: _Toc6903][bookmark: _Toc18693][bookmark: _Toc6862][bookmark: _Toc13895][bookmark: _Toc4950][bookmark: _Toc79225787]Assistance information for DL power allocation of a parent node DU is indicated per time resource by IAB node MT. 
2.3 CLI and interference measurements for simultaneous operation
In RAN1#104-e and RAN1#105-e meetings, the following agreements were 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


For CLI in IAB scenario, MT to MT measurement and report and DU to DU measurement and report are discussed in this section based on the summary and agreement in RAN1#104-e and RAN1#105-e meetings.
MT to MT CLI measurement and report
In Rel-16, for CLI of UE to UE, high layer has defined CLI resource by CLI-ResourceConfig-r16, CLI measurement by MeasResultCLI-r16 and CLI report by ReportConfigNR. For MT to MT CLI, an IAB MT can be regarded as a UE, and the defined CLI procedure in Rel-16 can be reused for MT to MT measurement and report.
[bookmark: _Toc27490][bookmark: _Toc4833][bookmark: _Toc26722][bookmark: _Toc14611][bookmark: _Toc29886][bookmark: _Toc29339][bookmark: _Toc16903][bookmark: _Toc13887][bookmark: _Toc6151][bookmark: _Toc27294][bookmark: _Toc14949][bookmark: _Toc13233][bookmark: _Toc17102][bookmark: _Toc22351][bookmark: _Toc32323][bookmark: _Toc22472][bookmark: _Toc26699][bookmark: _Toc12144][bookmark: _Toc12064][bookmark: _Toc32612][bookmark: _Toc5987][bookmark: _Toc71712016][bookmark: _Toc12455][bookmark: _Toc23942][bookmark: _Toc79225788]Legacy UE to UE CLI procedure can be reused for MT to MT CLI.

DU to DU CLI measurement and report
In RAN1#104-e, three options are discussed for DU to DU measurement and report respectively.
Option 1.1 and 2.1 is the simplest option without any enhancement from specification respective, it means legacy DU implementation method is reused. So in this section we mainly analyzes whether it is beneficial to adopt an enhanced option other than option1.1.
For option1.2 and 2.2, it is proposed whether enhanced R16 RIM can be used for IAB DU to DU CLI, R16 RIM procedure are specified to deal with the remote interference measurement and coordination. The victim gNB will begin the RIM procedure after detecting a "sloping" characteristic of IOT, which is caused by the atmospheric ducting phenomenon.
As can be seen, legacy RIM method is hard to reuse for IAB DU to DU CLI. For one thing, in RIM procedure, the interference are remote where distance between the victim and aggressor ranges from 64 km to 400 km, so that the triggering mechanism “a sloping characteristic of IOT” can work in RIM scenario while it may not work in IAB scenario. For another thing, the measurement result from DU in RIM method are usually reported to OAM which will take a long time, this may not be appropriate for IAB.
To reuse the R16 RIM method for DU to DU measurement and report in IAB scenario, enhancement of the triggering mechanism and the report procedure need to be considered. It should be noted that for remote interference for IAB DU measurement and report, legacy RIM can still be reused.
For option 1.3 and 2.3, it may be the most difficult option to apply. Although MT and DU are co-located, but they may not have the same antenna and beam capability, the measurement at MT side and DU side can differ widely. It is hard to estimate the accuracy if DU side measurement is instead of co- located MT side measurement, accordingly the MT based measurement report need to be justified further.
From the analysis above, it can be seen benefit of other options other than 1.1 and 2.1 is not so obvious, so for DU to DU CLI measurement, option 1.1 is preferred, for DU CLI report, option 2.1 is preferred.
[bookmark: _Toc19476][bookmark: _Toc3956][bookmark: _Toc8921][bookmark: _Toc8764][bookmark: _Toc14159][bookmark: _Toc849][bookmark: _Toc28058][bookmark: _Toc22568][bookmark: _Toc120][bookmark: _Toc21937][bookmark: _Toc21276][bookmark: _Toc4418][bookmark: _Toc14080][bookmark: _Toc10700][bookmark: _Toc26632][bookmark: _Toc21409][bookmark: _Toc6082][bookmark: _Toc31023][bookmark: _Toc27228][bookmark: _Toc25100][bookmark: _Toc16931][bookmark: _Toc16649][bookmark: _Toc22418][bookmark: _Toc71712017][bookmark: _Toc79225789]DU to DU CLI measurement and report are left to DU implementation (excluding the remote interference measurement and report).

Interference mitigation 
For a given multiplexing mode, to alleviate or mitigate the interference, beam information coordination between backhaul link and access link is necessary, In this section, simultaneously Tx and simultaneously Rx are the mainly scenario to be discussed.
After beam measurement, IAB node can report its desired beams in DL and UL to parent node. Taking the reported information into account, parent node will indicate the IAB MT applicable beams in UL or DL using a DCI 2_0/DCI2_5 like signal during a period, and further IAB DU can accommodate its DU beams by implementation, in order to alleviate or mitigate the interference between backhaul link and access link, IAB node is not expected that the beam indication (TCI or SRI) in legacy DCI is not consistent with the DCI 2_0/DCI2_5 like beam applicable DCI.
[bookmark: _Toc27834][bookmark: _Toc11016][bookmark: _Toc71712018][bookmark: _Toc8221][bookmark: _Toc2282][bookmark: _Toc28416][bookmark: _Toc29958][bookmark: _Toc9360][bookmark: _Toc3673][bookmark: _Toc29800][bookmark: _Toc464][bookmark: _Toc23358][bookmark: _Toc28332][bookmark: _Toc14398][bookmark: _Toc24773][bookmark: _Toc30164][bookmark: _Toc7616][bookmark: _Toc17993][bookmark: _Toc9805][bookmark: _Toc30525][bookmark: _Toc28431][bookmark: _Toc14413][bookmark: _Toc27692][bookmark: _Toc1284][bookmark: _Toc79225790]DCI 2_0/DCI2_5 like beam applicable DCI is used to indicate the IAB MT applicable beams in a set of slots.
For CLI coordination, some companies have concerns on the benefit of exchanging of IAB-DU H/S/NA resource configuration information among neighbouring IAB-nodes/IAB-donors. Exchanging this kind information can let the NA resource of neighbouring IAB nodes be known and is helpful for CLI mitigation. Considering the signaling overhead, it should be noted that exchanging H/S/NA configurations between parent nodes/donors has been agreed for DC, and extend this exchanging to more neighbouring IAB-nodes/IAB-donors seems easy if assuming the signaling overhead in high layer is not so sensitive than physical layer.
[bookmark: _Toc18819][bookmark: _Toc79225791]For CLI management, exchanging of IAB-DU H/S/NA resource configuration information among neighbouring IAB nodes/IAB-donors can be supported.
Conclusion
According to the discussion above, we provide the following proposals:
Proposal 1:	IAB-MT Tx timing of case-6 timing is directly set to the IAB-DU Tx timing (Alt 2).
Proposal 2:	IAB-MT Tx timing of case-7 timing can be based on the legacy TA loop (Alt 2).
Proposal 3:	Dynamic switching between timing modes should be supported, e.g., to indicate the information for switching via resource scheduling DCI.
Proposal 4:	An IAB-node is indicated by the parent node which timing mode (case-1/6/7 timing) should be performed at the IAB-node.
Proposal 5:	An IAB node can be configured with a maximum allowed UL Tx power of IAB-MT and a maximum allowed DL Tx power of IAB-DU in case of simultaneous DU-Tx/MT-Tx at the IAB node.
Proposal 6:	Support different UL power control parameters for different time resources of IAB MT.
•	Legacy UL power control mechanism is reused for a given time resource with its associated UL power control parameters.
Proposal 7:	Beam depended DL power allocation of parent node DU should be considered, parent node DU provides DL power allocation parameters and associated beam information to IAB node MTs (e.g., different PC parameters could be associated with different TCI states, or CSI-RSs).
Proposal 8:	Assistance information for DL power allocation of a parent node DU is indicated per time resource by IAB node MT.
Proposal 9:	Legacy UE to UE CLI procedure can be reused for MT to MT CLI.
Proposal 10:	DU to DU CLI measurement and report are left to DU implementation (excluding the remote interference measurement and report).
Proposal 11:	DCI 2_0/DCI2_5 like beam applicable DCI is used to indicate the IAB MT applicable beams in a set of slots.
Proposal 12:	For CLI management, exchanging of IAB-DU H/S/NA resource configuration information among neighbouring IAB nodes/IAB-donors can be supported.
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