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1. Introduction
This contribution provides our view on the IAB resource management framework in the context of the Rel-17 IAB WID [1] objectives. We first discussed the scope of supporting multi-parent for IAB in Rel-17, then we showed the feasibility of full-duplex operation at an IAB-node via lab measurement and link budget analysis, then we discussed the signalling enhancements for allowing efficient operation of enhanced multiplexing modes, and at last we discussed enhanced resource management for interference mitigation.     
[bookmark: _Hlk32401284][bookmark: _Hlk24102609]2. Multi-parent support for IAB in Rel-17
The following agreements have been made in RAN1-102e [2] regarding supporting multi-parent in IAB-network.  
	Agreements:
· Reuse by IAB-MT of existing Inter-frequency DC is considered as a starting point to support concurrent BH links to two parents. 
· FFS: Reuse of multi-TRP transmission resource allocation features (if intra-freq DC scenario is supported for IAB)
· FFS: Additional specification effort to support IAB
For companies to further consider:
· The following categories of enhancements have been proposed to support DC scenarios (not an exhaustive list):
· Inter-parent DU resource coordination mechanisms and signalling
· Resource allocation/scheduling conflict resolution rules at the parent or child node
· Per-link IAB-DU resource configurations at the parent node



For 5GNR, as defined in [3], the general framework of multi-ratio dual connectivity (MR-DC) includes E-UTRA-NR Dual Connectivity (EN-DC)，NR-E-UTRA Dual Connectivity (NE-DC), and NR-NR Dual Connectivity (NR-DC). It is also stated in [3] that the NR-DC can be be between two gNB or two gNB-DUs under the same gNB-CU. For an IAB-network with support of multi-parents, the MT component of an IAB-node can be connected to DU components of two parent IAB-nodes via NR-DC framework. It can be seen in [4,5,6] that only inter-band NR-DC is currently supported in Rel-16, and the supported band combinations for NR-DC are only limited to between FR1 bands or between FR1 and FR2 bands. No band combinations are defined in Rel-16 for inter-band NR-DC between FR2 bands and for intra-band NR-DC, and no RRM requirements are defined in Rel-16 for intra-band NR-DC. 
Observation 2.1:
For NR-DC, only inter-band NR-DC is supported by Rel-16, and the supported band combination, as defined in TS38.101, is only limited to between FR1 bands or between FR1 and FR2 bands in Rel-16.
The missing support of inter-band NR-DC between FR2 bands and intra-band NR-DC in Rel-16 is mainly due to the fact that the DC framework has been mainly focused on the access network and there are not much use cases in access network to drive this support. However, they can be important in Rel-17 because FR2 bands have been the main focus for IAB-network due to the need of range extension, and multi-parent via NR-DC is one of key technologies for IAB-network to provide reliable and robust communication.   
Observation 2.2:
FR2 band is the main focus of IAB due to the need of range extension, and support of inter-band NR-DC between FR2 bands and intra-band NR-DC within a FR2 band is important for IAB operation.
For multi-parent scenarios in IAB-network, the two parent IAB-nodes may be controlled by the same donor CU (intra-donor multi-parent) or be controlled by different donor CUs (inter-donor multi-parent). The intra-donor multi-parent scenario is currently supported for IAB by RAN3 in Rel-16, and the inter-donor multi-parent scenario is being analyzed in Rel-17 by RAN3 via inter-donor topological redundancy. 
Observation 2.3:
The intra-donor multi-parent scenario is supported for IAB by RAN3 in Rel-16, and inter-donor multi-parent scenario for IAB is being analyzed by RAN3 in Rel-17.
Given above observations, we propose to clarify the scope of supporting multi-parent in IAB via NR-DC as follows:
Proposal 2.1:
In Rel-17, the scope of supporting multi-parent for IAB shall include the following: 
a) Support of inter-band NR-DC between FR2 bands 
b) Support of intra-band NR-DC between different carries within a FR2 band. 
c) Multi-parents can be intra-donor or inter-donor. 
d) FFS: support of intra-frequency NR-DC.
If the proposed scope for support of multi-parent in IAB-network is agreed, the following aspects may need to be examined and corresponding spec may need to be enhanced:
· Configuration of added band combinations. 
· related RRM requirements (e.g. on max TX/RX timing difference) 
· related UE capability for NR-DC (e.g. simultaneous RXTX capability for inter-band NR-DC)
· specifications on handling potential TDD confliction between NR-DC cells if a dual-connected MT cannot support simultaneous RXTX across NR-DC cells. 
· Resource coordination signaling for NR-DC on Xn and F1-AP interface.
· Determination of parent node that controls soft resources of the IAB-DU co-located with dual-connected MT.  
Once the above aspects are addressed for inter-band NR-DC and intra-band NR-DC between different carriers, since both parent links are separated in frequency domain, existing Rel-16 resource management framework can be directly applied to the dual-connected IAB-node. More specifically, for intra-donor multi-parent scenario, the donor CU can manage the resources and make semi-static channel allocation that comply with the operating frequency domain of each parent node to avoid or minimize the potential confliction. For inter-donor multi-parent scenario, some coordination between donor CUs may be needed, e.g. to align TDD DL/UL config across NR-DC cells for a dual-connected MT without simultaneous RX/TX capability across NR-DC cells, etc. 
3. Feasibility of full-duplex operation of an IAB-node
The following agreement was made in RAN1-102e on supporting of enhanced multiplexing cases, among them case C and case D are related to a full-duplex operation of an IAB-node.    
	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 



The main challenge to support these two full-duplex cases is the self-interference between the IAB-DU and the IAB-MT. In what follows, we will discuss it is indeed practically feasible to support these full-duplex modes of operation at a reasonable performance and complexity.
We have performed lab measurements at 28 GHz in an anechoic chamber. The test setup is schematically shown in Figure 1, where two patch antennas are placed at 15cm distance. The amount of leakage from the TX to the RX antenna is measured for different polarizations and a frequency sweep around 28 GHz.
[image: ]
[bookmark: _Ref54347153]Figure 1 test setup to measure self-interference at 28 GHz
Figure 2 demonstrates the result of the lab measurements, where the y-axis shows the amount of attenuation in the power of the transmitted signal, measured at the RX antenna (i.e. the leakage). 
[image: ]
[bookmark: _Ref54347355]Figure 2 lab measurements of the amount of leakage (self-interference) between the two antennas

Observation 3.1:
In FR2, 85~95 dB of spatial isolation can be achieved between two panels. 
The first and (typically) the foremost problem for supporting full-duplex is RX saturation. That is, the level of the self-interfering signal might be much higher than the wanted signal, such that the former would block (desensitize) the latter at the RX antennas (e.g. at the LNAs). To avoid RX saturation, the RX power imbalance, between the wanted and SI signals, should be kept within a limited RX dynamic range.
The RX dynamic range really depends on the implementation. While some frontend components with very large dynamic ranges are available at very high costs, a typical dynamic range may be in the order of a few 10s dB. This RX dynamic range should primarily accommodate the power fluctuations of the transmitted signals (related to PAPR) and a sufficient margin for the channel fading. Therefore, the remaining budget to support RX power imbalance between the two signals may be limited to only a few dB. 
[image: ]The RX power imbalance for case C (MT RX, DU TX) can be calculated as follows.

where
·  is the total radiated power from the IAB-DU, and  is the RX power of SI.
·  and  are the total radiated power and TX array gain of the parent-node DU,  is the pathloss between the IAB-node and the parent-node, and  is the RX DL power at IAB-MT (before RX beamforming). 
· Note: we assume  also captures the difference in the element pattern gains associated with the RX directions of DL signal and the self-interfering signal.   
Given a max allowed RX power imbalance, , the max supported BH pathloss  can be calculated. Table 1 provides  for various  and Isolation (Iso) values. Other related assumptions can be found in the Appendix. 
[bookmark: _Ref54347611]Table 1 maximum supported parent-BH pathloss and distance in case C (MT RX, DU TX)
	Case C (MT RX, DU TX)
	Isolation

	
	80 dB
	90 dB

	Allowed RX power imbalance () 
	3 dB
	 = 109 dB
Distance* = 243m, 60m
	= 119 dB
Distance* = 770m, 116m

	
	10 dB
	 = 116 dB
Distance* = 545m, 95m
	 = 126 dB
Distance* = 1723m, 183m

	* the 1st and the 2nd values are respectively the LOS and nLOS distances associated with .



The signal-to-SI-ratio (SIR) at the RX antennas is . The RX beamforming (combining the signals across multiple antenna elements) would improve SIR by  (i.e. MT’s RX array gain).  SI can be further suppressed through various cancelation techniques. While analog cancelation may be practically hard to implement, various digital SI cancelation techniques with very reasonable complexity have been widely investigated/implemented. It is well understood digital cancelation can suppress SI by extra 20~30 dB. 
Therefore, the final SIR (due to self-interference) after RX beamforming and 20dB digital cancelation would be (assuming 64-element antenna array):
SIR = ++20 = +38.
Note. in the above SIR calculation, we assume there is no extra noise (e.g. EVM) introduced by the components due to the existence of the SI signal. 
For typical limited values of allowed RX imbalance (e.g. up to  10 dB), we note the final SIR (~28 dB) is more than sufficient to support the highest MCS. This suggests the bottleneck to support full-duplex may typically be the RX dynamic range. 
The link budget analysis for case C (MT RX, DU TX) can be found in the Appendix. 
Observation 3.2:
· To avoid RX saturation (i.e. the self-interfering signal blocking the wanted signal), the RX power imbalance between the two signals should be within a limited dynamic range, where the dynamic range depends on the implantation. 
· The full-duplex performance is typically limited by the RX dynamic range (i.e. the allowed RX power imbalance between the SI and the wanted signal).
Observation 3.3: 
With the assumptions of spatial isolation = 90dB, digital cancelation = 20dB, and allowed RX power imbalance = 10dB, we can support full-duplex at 28GHz as follows:
· (MT RX, DU TX) is supported with max parent BH pathloss of 126 dB (equivalent to 1.7km LOS or 183m nLOS distance), and MT’s DL SIR of 28 dB. 
· (MT TX, DU RX from a child IAB-node) is supported with max child BH pathloss of 123 dB (equivalent to 1.2km LOS or 150m nLOS distance), and DU’s UL SIR of 31 dB. 
· (MT TX, DU RX from a child UE) is supported with max child access pathloss of 105 dB (equivalent to 152m LOS or 29m nLOS distance), and DU’s UL SIR of 31 dB. 
Observation 3.4: 
It is deemed feasible to have enhanced multiplexing case C (MT RX, DU TX) and case D (MT TX, DU RX) with reasonable performance and complexity. 
Proposal 3.1: 
RAN1 should not deprioritize the multiplexing case C (MT RX, DU TX) and case D (MT TX, DU RX) included in the Rel-17 WID and should strive to support them with the minimum required enhancements.
4. Efficient operation of enhanced multiplexing modes
[image: ]While Rel-16 IAB introduced new upper-layer signaling for an IAB-node to indicate its capability of supporting enhanced multiplexing modes, we herein argue how efficiently the IAB-node may operate in such enhanced modes may depend on the communication configurations and change over time. 
Let’s first investigate (MT TX, DU RX) and (MT RX, DU TX) [full-duplex] modes. There are practically, especially in higher bands, two SI components: (a) local coupling between the TX and RX antennas, and (b) reflection of the transmitted signal, by a remote object, back to the receive antennas.
Both SI components are beam-dependent. That is, the amount of SI (local SI and remote reflection) varies for different choices of TX and RX beams. Moreover, changes in the environment and the nearby objects would change the effect of remote reflections. Hence, SI and the capability of efficiently operating in these enhanced modes vary with beams and may change over time. 
Similarly, for (MT TX, DU TX) and (MT RX, DU RX), the efficiency of operating in these modes depends on the choice of TX beam pair and RX beam pair respectively. This further depends on the level of TX and RX powers, and in return the pathloss values that may dynamically change in response to the changes in the environment. 
Hence, at times and for given configurations, an IAB-node may not be able to effectively operate in an enhanced multiplexing mode whose support has been previously indicated as a capability to the network.
Observation 4.1: 
· The efficiency of operating in enhanced multiplexing modes depends on the communication configuration (e.g. TX/RX beamforming) and may change over time.
· An IAB-node, at times and for given configurations, may not be able to effectively operate in an enhanced multiplexing mode whose support has been previously indicated as a capability to the network
The network (CU and the parent-node) should be provided with sufficient and in-time information about the efficiency of the IAB-node’s capability of operating in enhanced multiplexing modes. 
The IAB-node, upon any change, should send a direct and local indication (e.g. via MAC-CE) to the parent-node to indicate whether it can efficiently support its enhanced multiplexing operation. The parent-node should take this into account to manage its resource utilization – e.g. if the IAB-node indicates it cannot support an enhanced multiplexing mode at a given time, the parent-node may back off from scheduling the IAB-MT on the resources that are also allocated to the IAB-DU (as HARD). 
This local indication, as opposed to sending an updated capability signaling to the CU (via F1-AP) and CU forwarding the updated indication to the parent-node, has much less overhead and is much faster. 
Proposal 4.1: 
Extend the enhanced multiplexing capability indication to support local refinement indication (i.e. whether the capability is available to what degree under which conditions) to the parent-node (e.g. via MAC-CE).

[bookmark: _GoBack]5. Enhanced resource management for interference mitigation
Another aspect for Rel-17 IAB WI is interference management. Existing Rel-16 Resource management framework only provides time-domain resource configuration to an IAB-node. For two IAB-nodes that are assigned with overlapping time resources, e.g. between parent and child nodes with enhanced multiplexing operation or between two nearby IAB-nodes that are not directly connected, there can be interference between them. For these cases, it can be desirable to mitigate or control interference via frequency domain and/or spatial separation between IAB-nodes.   
Observation 5.1: 
For interference management, it can be desirable to provide frequency and/or spatial separation between IAB-nodes.
In Rel-16, the frequency domain separation in granularity of carriers can be achieved by donor CU during F1-setup procedure, wherein an IAB-node DU will report the OAM configured cells together with the corresponding carrier frequency and bandwidth to donor CU during the F1-setup request message, and donor CU can activate a subset of reported cells with non-overlapping carriers with another IAB-node during the F1-setip response message. But this approach is limited by the granularity of carriers and relies on the OAM configuration with multiple cells of different carriers for an IAB-DU. Thus, we propose to extend the Rel-16 semi-static DU resource management to frequency-domain as follows.
Proposal 5.1: 
Extend the Rel-16 semi-static DU resource management to frequency-domain, e.g. CU provides a mask in frequency to coordinate frequency-domain resources between IAB-DUs.
As discussed earlier, the interference can also be beam dependent, in the sense that the interference can be large for some beam pairs while can be small for other beam pairs cross two interfering links. E.g. The enhanced multiplexing may not effectively be supported for some beam directions and/or for some combinations of the child-links and the parent-BH-links. The IAB-node can share this information with CU to let CU determine better resource configurations for the IAB-network, and donor CU can assign resource (Hard/Soft/NA) in a beam-specific way to control interference between IAB-nodes.     
Proposal 5.2: 
Extend the Rel-16 semi-static DU resource management to spatial-domain as follows:
a) Support indicating the configuration(s) required to enable an enhanced multiplexing capability by IAB-node DU to donor CU, e.g. for which beams (SSBs) or which served child-nodes, the IAB-node can operate in the enhanced multiplexing mode.
b) Support indicating DU resource type (Hard/Soft/NA) per beam or per SSB area by donor CU to an IAB-node DU. 



Conclusion
This contribution provided our view on the IAB resource management framework in the context of the Rel-17 IAB WID . The following observations and proposals were made:
Observation 2.1:
For NR-DC, only inter-band NR-DC is supported by Rel-16, and the supported band combination, as defined in TS38.101, is only limited to between FR1 bands or between FR1 and FR2 bands in Rel-16.
Observation 2.2:
FR2 band is the main focus of IAB due to the need of range extension, and support of inter-band NR-DC between FR2 bands and intra-band NR-DC within a FR2 band is important for IAB operation.
Observation 2.3:
The intra-donor multi-parent scenario is supported for IAB by RAN3 in Rel-16, and inter-donor multi-parent scenario for IAB is being analyzed by RAN3 in Rel-17.
Proposal 2.1:
In Rel-17, the scope of supporting multi-parent for IAB shall include the following: 
a) Support of inter-band NR-DC between FR2 bands 
b) Support of intra-band NR-DC between different carries within a FR2 band. 
c) Multi-parents can be intra-donor or inter-donor. 
d) FFS: support of intra-frequency NR-DC.
Observation 3.1:
In FR2, 85~95 dB of spatial isolation can be achieved between two panels.
Observation 3.2:
· To avoid RX saturation (i.e. the self-interfering signal blocking the wanted signal), the RX power imbalance between the two signals should be within a limited dynamic range, where the dynamic range depends on the implantation. 
· The full-duplex performance is typically limited by the RX dynamic range (i.e. the allowed RX power imbalance between the SI and the wanted signal).
Observation 3.3: 
With the assumptions of spatial isolation = 90dB, digital cancelation = 20dB, and allowed RX power imbalance = 10dB, we can support full-duplex at 28GHz as follows:
· (MT RX, DU TX) is supported with max parent BH pathloss of 126 dB (equivalent to 1.7km LOS or 183m nLOS distance), and MT’s DL SIR of 28 dB. 
· (MT TX, DU RX from a child IAB-node) is supported with max child BH pathloss of 123 dB (equivalent to 1.2km LOS or 150m nLOS distance), and DU’s UL SIR of 31 dB. 
· (MT TX, DU RX from a child UE) is supported with max child access pathloss of 105 dB (equivalent to 152m LOS or 29m nLOS distance), and DU’s UL SIR of 31 dB. 
Observation 3.4: 
It is deemed feasible to have enhanced multiplexing case C (MT RX, DU TX) and case D (MT TX, DU RX) with reasonable performance and complexity. 
Proposal 3.1: 
RAN1 should not deprioritize the multiplexing case C (MT RX, DU TX) and case D (MT TX, DU RX) included in the Rel-17 WID and should strive to support them with the minimum required enhancements.
Observation 4.1: 
· The efficiency of operating in enhanced multiplexing modes depends on the communication configuration (e.g. TX/RX beamforming) and may change over time.
· An IAB-node, at times and for given configurations, may not be able to effectively operate in an enhanced multiplexing mode whose support has been previously indicated as a capability to the network
Proposal 4.1: 
Extend the enhanced multiplexing capability indication to support local refinement indication (i.e. whether the capability is available to what degree under which conditions) to the parent-node (e.g. via MAC-CE).
Observation 5.1: 
For interference management, it can be desirable to provide frequency and/or spatial separation between IAB-nodes.
Proposal 5.1: 
Extend the Rel-16 semi-static DU resource management to frequency-domain, e.g. CU provides a mask in frequency to coordinate frequency-domain resources between IAB-DUs.
Proposal 5.2: 
Extend the Rel-16 semi-static DU resource management to spatial-domain as follows:
a) Support indicating the configuration(s) required to enable an enhanced multiplexing capability by IAB-node DU to donor CU, e.g. for which beams (SSBs) or which served child-nodes, the IAB-node can operate in the enhanced multiplexing mode.
b) Support indicating DU resource type (Hard/Soft/NA) per beam or per SSB area by donor CU to an IAB-node DU.
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Appendix
The assumptions used in the link budget analysis are provided in table below.
Table 2 assumptions used in the link budget analysis
	Parameter
	Value

	Carrier frequency
	28 GHz

	No. of DU’s antennas
	128

	No. of MT’s antennas
	64

	No. of UE’s antennas 
	8

	Power per PA
	7 dBm

	(UMi) LOS PL constant and exponent (for both BH and access)
	61.3 and 2

	(UMi) nLOS PL constant and exponent (for BH)
	46.2 and 3.53

	(UMi) nLOS PL constant and exponent (for access link)
	53.22 and 3.53


 
[image: ]The RX power imbalance for (MT TX, DU RX) can be calculated as follows.

where
·  is the total radiated power from the IAB-MT, and  is the RX power of SI at IAB-DU.
·  and  are the total radiated power and TX array gain of the child-node (UE/MT),  is the pathloss between the IAB-node and the child-node, and  is the RX UL power at IAB-DU (before RX beamforming). 


Table 3 maximum supported child-BH pathloss and distance in case of (MT TX, DU RX), where DU receives UL from a child MT.
	(MT TX, DU RX)
Child-node = IAB-node
	Isolation

	
	80 dB
	90 dB

	Allowed RX power imbalance () 
	3 dB
	 = 106 dB
Distance* = 172m, 49m
SIR** = 38 dB
	= 116 dB
Distance* = 545m, 95m
SIR** = 38 dB

	
	10 dB
	 = 113 dB
Distance* = 385m, 78m
SIR** = 31 dB
	 = 123 dB
Distance* = 1218m, 150m
SIR** = 31 dB

	* the 1st and the 2nd values are respectively the LOS and nLOS distances associated with .
** assuming 20 dB digital cancelation and 21 dB RX array again at DU (128-ant array).



Table 4 maximum supported child-BH pathloss and distance in case of (MT TX, DU RX), where DU receives UL from a UE.
	(MT TX, DU RX)
Child-node = UE
	Isolation

	
	80 dB
	90 dB

	Allowed RX power imbalance () 
	3 dB
	 = 88 dB
Distance* = 21m, 10m
SIR** = 38 dB
	= 98 dB
Distance* = 68m, 18m
SIR** = 38 dB

	
	10 dB
	 = 95 dB
Distance* = 48m, 15m
SIR** = 31 dB
	 = 105 dB
Distance* = 152m, 29m
SIR** = 31 dB

	* the 1st and the 2nd values are respectively the LOS and nLOS distances associated with .
** assuming 20 dB digital cancelation and 21 dB RX array again at DU (128-ant array).
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