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Introduction
The WID for enhanced IAB includes a RAN1 led objective of duplexing enhancements, including the following objectives [1]:
	Duplexing enhancements [RAN1-led, RAN2, RAN3, RAN4]:
· …
· Specification of IAB-node timing mode(s), extensions for DL/UL power control, and CLI and interference measurements of BH links, as needed, to support simultaneous operation (transmission and/or reception) by IAB-node’s child and parent links.


RAN1 #103-e discussed the topics of timing, interference and power control and made the following agreements [2]:
	Agreement
Select one or both of the following modes of operation for Case 7 timing in RAN1#104-e:
· symbol level alignment without slot level alignment
· slot level alignment
Agreement
An IAB-node can rely on an OTA timing synchronization mechanism to enable/maintain Case 6 timing mode
· FFS whether the Rel-16 OTA synchronization mechanism is sufficient or enhancements are required
· If required, details of enhancements including the uplink timing(s) required to support different timing alignment cases
Agreement
An IAB-node, when operating in Case 7 timing mode, can enable a child node to set its DL Tx timing based on Rel-16 OTA timing synchronization mechanism.
· FFS whether Rel-16 OTA synchronization mechanism enhancements are required
· FFS details of enhancements, if required
Agreement
Interference management for the following IAB interference scenarios should be discussed:
· Inter-IAB scenarios, including:
· MT to MT, DU to DU, DU to MT, and MT to DU.
· Interference to non-IAB nodes, including:
· IAB-DU to non-IAB-DU
· IAB-MT to non-IAB-DU
· Intra-IAB-node (self-interference) scenarios (Interference between a DU and MT of an IAB-node).
This agreement does not necessarily mean that specification support is needed for any of the scenarios.
Agreement
Consider resource and beam coordination techniques to mitigate/avoid interference, including (not an exhaustive list):
· FFS: Whether or not to support IAB‐node (MT) transmissions in DL access slots
· FFS: if this has RAN1 impact or it can be handled by implementation.
· FFS: network coordination impact
· FFS: whether Rel-16 resource management framework is sufficient.
Agreement
Use the Rel-16 interference management frameworks (e.g. CLI, RIM) to handle IAB interference scenarios, and discuss if any of the following enhancements are needed (not an exhaustive list):
· FFS: extend the information exchange (e.g. the resource configuration, result of CLI measurements, etc.) among different entities (e.g. between parent-child nodes, adjacent IAB nodes, between network and IAB-node, etc.)
· FFS: required enhancements on CLI measurement accuracy (e.g. via timing adjustment, etc.)
· FFS: required enhancements on CLI measurements (e.g. introducing short-term measurements, multi-beam measurements, etc.)
Agreement
Further study requirement of enhanced DL and UL Tx power control mechanism considering the following:
· DL/UL power control with assistance information from the child node.
· DL/UL power control with assistance information from the parent node.
· Central (e.g. by CU) power control coordination (e.g. semi-static max DL/UL Tx power limits).
· Coexistence of different power control mechanisms within an IAB node and in the network.
Note: Any power control mechanism should consider the following aspects:
· Existing base station design principles (e.g. power control and dynamic range capability, etc.) related to transmission power.
· Network constraints in regard to transmitted reference signals with constant power.


In this document we present our views on the above topics. Please see [3] for our views on the related topic of resource multiplexing for simultaneous operation and dual connectivity.
[bookmark: _Ref61898375]Timing
Case-1
3GPP has specified that a parameter T_delta,index (referred to as T_delta in [4]) can be provided by MAC CE; RAN4 in [5] provided guidance that the range of T_delta (as used in [6], being half the negative offset of IAB-DU UL reception timing relative to IAB-DU transmission timing) should be
Table 1. Range of T_delta
	SCS [kHz]
	Max T_delta [Tc]
	Min T_delta [Tc]

	15
	- [image: ]/2 + 6256
	- [image: ]/2 - 70528

	30
	- [image: ]/2 + 6128 
	- [image: ]/2 - 35328

	60
	- [image: ]/2 + 6032
	- [image: ]/2 - 17664

	120
	- [image: ]/2 + 6032
	- [image: ]/2 - 8816



Provided by the parent to the IAB-node, the information about T_delta according to Table 1 should facilitate the estimation of Tprop between parent and IAB-node according to

with TA being the IAB-MT’s timing advance specified in [7] as

It was agreed that T_delta is represented (signaling wise) as

Eventually, it was specified in 38.213, based on the information from Table 1, that an IAB-node can assume Tprop to be

In [6], N_delta and G are specified per frequency range (FR1 and FR2) as
· For FR1:	= −70528 and  = 64
· For FR2:	= −17664 and  = 64
Given the ranges of T_delta as provided from RAN4, Table 1, the range of T_delta,index for the different SCS can be derived as given in Table 2.
Table 2: Range of T_delta_index (MAC CE).
	SCS [kHz]
	Min T_delta
	Max T_delta

	15
	0
	1199

	30
	550
	1197

	60
	0
	740

	120
	276
	740



Note: In RAN1 specification, there is no limitation on T_delta,index. The only reference to a limited index range is stated in [4] where the T_delta,index range is (0…1199).
[bookmark: _Toc61903590]T_delta,index is unspecified for values beyond 1199.
Figure 1 depicts the relation of TA, N_TA, T_delta,index and N_delta for the case of SCS 15kHz.

[image: ]
[bookmark: _Ref61524830]Figure 1: Relation of TA, N_TA, T_delta,index and N_delta for timing Case-1, SCS 15kHz (FR1 with N_delta = -70528 and G = 64).
Case-6
Figure 2 depicts the relation of TA, N_TA in a timing configuration in which an IAB-node N operates in Case-6; it also indicates the relation of T_delta,index and N_delta as currently specified (again exemplified assuming SCS 15kHz with N_delta = -70528 and G = 64). As can be seen, if a downstream connected IAB-node is operating in Case-6, it is not possible with current specification for a parent node to set its UL Rx timing accordingly, and, at the same time, to provide a valid T_delta,index to the Case-6 downstream IAB-node. This is since any currently specified range for T_delta,index does not allow an IAB-node to indicate that its UL Rx timing is later than its DL Tx timing. Based on current specification, a parent node cannot use T_delta,index based OTA sync, if an IAB-node is operating in Case-6 timing configuration.
[bookmark: _Toc61903591]The currently specified range for T_delta,index does not allow indicating a UL Rx timing occurring later than a DL Tx timing.
[bookmark: _Toc61903592]Based on current specification, a parent node cannot use T_delta,index based OTA sync, if an IAB-node is operating in Case-6 timing configuration.
[image: ]
[bookmark: _Ref61598071]Figure 2: For Case-6, the relation of TA, N_TA. It is also illustrated the T_delta,index and N_delta as specified for timing Case-1, SCS 15kHz (FR1 with N_delta = -70528 and G = 64)

The question is now, in case an IAB-node is in Case-6 configuration, is it possible for the IAB-node to maintain a timing reference, i.e., its DL Tx timing, based on parent node information?
As observed, the current ranges for T_delta,index are not sufficient, but considering Figure 2, one can also observe that a meaningful extension seems possible. For that we will derive the relation of propagation delay on the parent BH link (T_PN as in Figure 2) and T_delta,index.
As can be seen in Figure 2, the TA of an IAB-node in Case-6 timing configuration equals T_PN. We therefore get the following relations for TA and N_TA, respectively,



Putting N_TA into the formula for estimating T_PN results in

After minor manipulation, one can derive the relation

Here, T_delta,index is proportional to the parent BH link propagation delay T_PN. For increasing propagation delay on the IAB-node N’s parent BH link, T_PN (see Figure 2), the required T_delta,index also increases and is only limited by the assumptions on a maximum propagation delay. By setting T_PN to zero, one can derive a minimum T_delta,index that a parent IAB-node needs to provide to its downstream IAB-node (operating in Case-6) for the IAB-node being able to estimate its parent BH link propagation delay. With the values for N_delta as given above, Table 3 shows the minimum T_delta,index per FR and N_TA,offset.
Table 3: Minimum T_delta_index (MAC CE).
	
	N_TA,offset
	Min T_delta,index

	FR1
	25600
	1302

	
	39926
	1413,9

	FR2
	13792
	767,5



[bookmark: _Toc61903593]The minimum index values for T_delta,index are supported by current specification of the T_delta MAC CE signaling format.
Some minimum values of T_delta,index do not turn out to be integer. We do not think that is a practical problem for different reasons. A first one is that the minimum T_delta,index is related to a zero ISD, which is not a relevant assumption. Also, a deviation in T_delta,index by 0.1 for FR1 (0.5 for FR2) corresponds to an inaccuracy of 0.1*64*Tc = 3,2ns (8ns in FR2), or equivalently an ISD difference of only 1 meter (2m in FR2) which is too small to practically be determined. The timing difference between DL Tx and UL Rx for Case-6 and Case-7 depend on propagation delay which is analog in its nature anyway – it does not follow quantized steps of what could be controlled by T_delta,index.
[bookmark: _Ref61872310]Case-7
The right side of Figure 3 depicts a timing configuration in which an IAB-node N operates in Case-7. For Case-6, the question was whether there is support for the parent node P to properly signal a T_delta,index to the IBA-node N (if IAB-node N operates in Case-6). For Case-7, the question is instead shifted to whether the IAB-node N, operating in Case-7, can signal a meaningful T_delta,index to its child IAB-node C, in order for the child IAB-node C to estimate propagation delay and establish a synchronized DL Tx timing.
[image: ]
[bookmark: _Ref61696395]Figure 3: Timing relations assuming IAB-node N is operating in Case-6 (left) and Case-7 (right) timing configuration.

The value T_delta,index that an IAB-node provides to its child IAB-node depends solely on the IAB-node’s relation between its IAB-DU UL Rx and DL Tx timing. Observing IAB-node N’s UL Rx timing, it does not depend on any child BH link properties, but rather on the propagation delay on its parent BH link, T_PN. From that, one can conclude that T_delta,index requirements to support OTA sync in case of IAB-nodes operating in Case-7 are the same as for Case-6. A more formal derivation could be, as for Case-6, by observing the child IAB-node’s TA as function of propagation delays. According to Figure 3, it can be determined that TA is twice the child BH link propagation delay, T_NC, reduced by the parent BH link propagation delay, T_PN. Therefore,



Putting this N_TA into the formula for estimating T_PN results in

which, after minor manipulation, results in the same relation as for Case-6,

Compared to the relation we derived for Case-6, the same dependencies on IAB-network propagation delays and requirements on T_delta,index apply for Case-6 and Case-7 timing configurations.
Case-7 has the same minimum T_delta,index as in Case-6, as given by Table 3.
[bookmark: _Toc61903594]The same dependencies on IAB-network propagation delays and requirements on T_delta,index apply for Case-6 and Case-7 timing configurations.
Discussion about the Range of T_delta,index
Figure 4 provides an overview of what kind of range of T_delta,index is required as a function of parent BH link propagation delay for FR1 and FR2, respectively. One can observe that for FR2 a distance of about 2km can be assumed with T_delta,index still remaining in a range that is already defined in current specification (i.e. maximum valid T_delta,index being 1199). Actually, with a maximum T_delta,index of 1199 the parent BH link propagation can be up to 4,2km.
One can also observe that for FR1 the currently valid maximum T_delta,index of 1199 is not sufficient, not even for zero propagation delay.
[bookmark: _Toc61903595]For FR1, the currently specified (Rel-16) valid maximum T_delta,index of 1199 is not sufficient for the estimation of propagation delays in Case-6 and Case-7.
[image: ]
[bookmark: _Ref61699625]Figure 4: T_delta,index over parent BH link distance for FR1 (left) and FR2 (right).

The current specification for the signaling of T_delta,index is based on an 11-bit field of which only the range 0…1199 is valid, but allows (without change of specification of the MAC CE) to signal a maximum number of 2047. Table 4 shows maximum BH link distances that could be supported without change of the current T_delta,index MAC CE specification, assuming T_delta,index = 2047 would be valid.
Table 4: Maximum link distance assuming T_delta,index = 2047.
	
	N_TA,offset
	Max BH distance [km]

	FR1
	25600
	14,5

	
	39926
	12,4

	FR2
	13792
	12,5



The current MAC CE for T_delta,index has five bits unused/reserved. One can go one step further and consider adding 1 bit for the T_delta,index field, thus extending it from 11 bit to 12 bit and a having a T_delta,index range of (0,1,…4095). Table 5 show what maximum BH link could be supported.
Table 5: Maximum link distance assuming T_delta,index = 4095.
	
	N_TA,offset
	Max BH distance [km]

	FR1
	25600
	54,5

	
	39926
	52,4

	FR2
	13792
	32,5



We believe it is reasonable to at least change the valid range for T_delta,index from (0,1…1199) to (0,1…2047) to also include extended deployment ISD, should some IAB-node operate in Case-6 or Case-7 timing. We are also open to extend the bit field in the T_delta MAC CE by one bit assuming it would allow for all practical use case for both FR1/2. However, we have not identified such a use case. Any specification change, such as changing signalling formats should have a good reason. We therefore would like to discuss use cases that would require and sufficiently reason adding an extra bit to T_delta,index.
[bookmark: _Toc61903602]Extend the valid T_delta index range from (0,1…1199) to (0,1…2047).
[bookmark: _Toc61903603]Identify use case that might require extending the bit field in the T_delta MAC CE in order to increase ISD for IAB-nodes operating in Case-6 or Case-7 and discuss whether there is sufficient motivation to change the T_delta MAC CE structure.
Timing alignment (slot vs symbol)
We found in Section 2.3 (Case-7 timing) that the TA of a child IAB-node is

if the IAB-node is operating in a Case-7 timing configuration. The timing advance of a UE has the same properties. Depending on the relation of parent and child BH link propagation delay, the timing advance can be negative (if 2*T_NC < T_PN). Usually, timing alignment is on frame, at least on slot level. In Case-7 timing alignment configurations, the shift of UL Rx timing relative to usual (i.e. Case-1) timing configurations is in the order of N_TA,offset plus the propagation delay on the parent BH link, T_PN. A negative TA can be prevented by shifting the alignment reference by a slot or some symbol durations. Comparing the TA change of Case-1 and Case-7 to the slot duration in FR1 and FR2, slot level alignment strategies to prevent negative TA may lead to major shifts in TA for UEs and child IAB-nodes and inefficient availability of UL resources. We therefore think that symbol level alignment without slot level alignment provides a suitable granularity for adjusting TA.
[bookmark: _Toc61903604]Case-7 timing alignment use symbol alignment.
[bookmark: _Ref61898378]Interference Management 
[bookmark: _Ref61788910]Cross-link interference
RAN4 has agreed on two different IAB-node classes, namely, wide- and local-area IAB-nodes, with distinct properties. As illustrated in Figure 5, the use-case for the wide-area IAB-node is that it is an independent IAB-node providing its own coverage, requiring a long distance backhaul link to connect to its parent IAB-node. Also, due to RF properties, wide-area IAB-node deployment can be assumed to be well-planned, planned by operators. For such a deployment, little power control is considered, which is the reason RAN4 has limited the dynamic range of the wide-area IAB-MT to 5 dB [8]. For wide-area IAB-nodes, the IAB-MT looks like a normal gNB, in terms of, e.g., high transmit power, beamforming and antenna gains. Importantly, in addition to the already mentioned planned deployment, RAN4 considers wide-area IAB networks to be stationary; for instance, a minimum required distance between the nodes to avoid extreme interference to the network can be guaranteed. As a result, in such cases, and in general for planned and stationary networks, the interference can be well handled during the network planning phase, and, given its complexity, additional interference measurements are not required.
[image: ]
[bookmark: _Ref61727904]Figure 5: Deployment scenario for wide-area IAB-nodes.
Considering a wide-area IAB network using high-power IAB-MTs with very high EIRP, any IAB transmission competing with a UE transmission in an uplink slot can have severe impact on the performance of IAB-DUs and gNB receiving UE transmissions, both inside and outside the IAB network. For instance, with an upstream transmission of IAB-MT to the parent IAB-DU in an UL slot, there is a risk that the signal transmitted by a UE to a neighbour gNB (or, the parent IAB-DU itself) will be highly affected by interference. On the other hand, wide-area IAB-nodes would have similar interference properties as gNBs if downlink slots are used for upstream backhauling as well. Similarly, severe interference due to, e.g., IAB-DU transmissions in uplink slots can be expected, as it may affect nodes in both the IAB network and the neighbour non-IAB network. For any case where a wide-area high power IAB transmission takes place in UL slots, the victims of the interference are not only the geographical neighbours but also the non-IAB networks in adjacent spectrum/channels. This situation is typically not accounted for during present network planning.
[bookmark: _Toc61903596]For wide-area IAB-nodes using downlink slots for backhaul transmissions, network planning is sufficient for interference mitigation.
[bookmark: _Toc61903597]For wide-area IAB-nodes using uplink slots for uplink backhaul, the most critical interference situation is when an IAB-MT transmission interferes with a UE transmission, and amounts to a gNB transmitting in UL slots.
[bookmark: _Toc61903598]Wide-area IAB-nodes transmitting in UL slots would cause interference outside the IAB network, causing unexpected blind spots with reduced coverage, and would require more extensive network planning, complicating deployment flexibility.
As illustrated in Figure 6, the use-case for the local-area IAB-node is to boost capacity within an already existing cell served by a donor or parent IAB-node. For this reason, the IAB-MT has higher dynamic range (10 dB, as considered by RAN4 [8]), and should be capable of power control. Also, local-area IAB networks can be fairly unplanned, and the IAB-MT transmit power may range between those of UEs and gNBs. In such cases, interference measurements may be required to minimize interference, and, because of the UE-like characteristics of the IAB-MT, backhaul uplink operation can be performed in the uplink slots.
[image: ]
[bookmark: _Ref61600280]Figure 6: Deployment scenario for local-area IAB-nodes.
The above presents our view of the main differences between wide-area and local-area IAB-nodes as well as using DL or UL slots for backhauling. Table 5 provides a detailed presentation of the agreed interference situations, for which interference management should be further studied, depending on the node type and the considered slot type. We make no particular distinction regarding multiplexing or timing cases since these will typically only affect a subset of the IAB-nodes, leaving the remainder in a different state. Furthermore, since the target of the interference management is to cover simultaneous operation, for half-duplex either a DU must transmit in an UL slot or a MT needs to transmit in a DL slot. The interpretation of the table is that it is the IAB-node that is causing interference to other nodes in the network. The IAB-node is connected to a parent IAB-node and a child IAB-node and may operate in, e.g., multiplexing Case A or another mode of operation. The 2nd and 3rd IAB-nodes as well as non-IAB-nodes and UEs are the victims of the IAB-node transmissions. The 2nd IAB-node is equipped with a 2nd DU and the 3rd IAB-node is equipped with a 3rd MT. The non-IAB-node is expected to operate as normal, i.e., transmit in DL slots and receive in UL slots.


[bookmark: _Ref61859496]Figure 7: Illustration of interference from an IAB-node w.r.t. the agreed interference scenarios. The interference may affect the parent IAB-node or the 2nd or 3rd IAB-nodes’ DU and MT, respectively as well as non-IAB-nodes outside the IAB network.
[bookmark: _Ref61776611]Table 5: Different interference scenarios for wide-area and local-area IAB-nodes (WA and LA, respectively) in UL and DL slots, from the perspective of what interference the IAB-node in Figure 7 inflicts on other network nodes, e.g., in the upper left element, the victim will be a 3rd MT transmitting to a 2nd DU. Here, the color codes yellow and red stand for potentially severe and potentially very severe interference, respectively.
	Interference scenario
	BH by WA in DL slots
	BH by WA in UL slots
	BH by LA in UL slots

	DU to DU
Victim


Severity


Mitigation
	
3rd MT  2nd DU


Small due to planning and BF


Network planning
	
1. UE  2nd DU
2. 3rd MT  2nd DU

1. Potentially severe
2. Small due to planning and BF

1. Interference mitigation likely needed
2. Network planning
	
1. UE  2nd DU
2. 3rd MT  2nd DU

Both 1, 2 on par with NC UE interference

Possible interference mitigation

	DU to MT
Victim

Severity


Mitigation
	
2nd DU  3rd MT

Less than NC DU  UE interference due to MT’s superior beamforming

Network planning
	
2nd DU  3rd MT

Less than NC DU  UE interference due to MT’s superior beamforming

Network planning

	
2nd DU  3rd MT

Less than NC DU  UE interference

No additional mitigation necessary

	MT to DU
Victim


Severity


Mitigation
	
3rd MT  2nd DU


Small due to Tx/Rx BF


Network planning
	
1. UE  Parent or 2nd DU
2. 3rd MT  2nd DU

1. Potentially very severe
2. Small due to planning and BF

1. Interference mitigation needed
2. Network planning
	
1. UE  2nd DU
2. 3rd MT  2nd DU

Both 1, 2 on par with NC UE interference

Possible interference mitigation

	MT to MT
Victim

Severity


Mitigation
	
2nd DU   3rd MT

Small due to planning and BF


Network planning
	
2nd DU   3rd MT

Small due to planning and BF


Network planning
	
2nd DU   3rd MT

Less than NC DU  UE interference

No additional mitigation necessary

	DU to non-IAB DU
Victim

Severity


Mitigation
	
None

	
UE  non-IAB DU

Potentially severe


Interference mitigation likely needed
	
UE  2nd DU

On par with NC UE interference

Possible interference mitigation

	MT to non-IAB DU
Victim

Severity


Mitigation
	
None
	
UE  non-IAB DU

Potentially severe


Interference mitigation likely needed
	
UE  non-IAB DU

On par with NC UE interference

Possible interference mitigation 



Finally, it should be noted that multiplexing Case-A and Case-B may lead to extra interference in the network. Therefore, in order to limit the interference, one needs to determine if such simultaneous operations are performed in DL or UL slots, as well as if they are only restricted to backhaul or not. These points, however, are currently not clear in the discussions, and require clarifications.
The above discussion leads to the following proposals.
[bookmark: _Toc61903605]RAN1 should focus on the cases where interference is more severe than in an non-IAB network.
[bookmark: _Toc61903606]To identify and address relevant interference scenarios, RAN1 should agree on:
a. [bookmark: _Toc61903607]Whether multiplexing Case-A and Case-B should take place in DL and/or UL slots for wide-area IAB-nodes,
b. [bookmark: _Toc61903608]Whether backhaul traffic is separated from or mixed with access traffic, and,
c. [bookmark: _Toc61903609]Whether the interference scenario is relevant for wide-area and/or local-area nodes.
[bookmark: _Toc61903610]A wide-area IAB-DU only transmits in DL slots.
[bookmark: _Toc61903611]Backhaul traffic is assumed to be separated from access traffic.
[bookmark: _Toc61903612]Similar to gNBs, interference management between wide-area IABs operating backhaul links in DL slots is handled by network planning.
IAB full-duplex
In the IAB context, IAB full-duplex refers to simultaneous operation Case C (simultaneous MT RX and DU TX) and Case D (simultaneous MT TX and DU RX). A fundamental requirement for IAB full-duplex is that the intra-node interference can be sufficiently suppressed, and the IAB-MT and IAB-DU parts are able to operate relatively independently. This is challenging even with separate Tx/Rx antenna panels (see [9] for numerical examples where, for the considered setup, only about 50 dB isolation is achieved). Specially, IAB backhaul links have distinct reliability requirements, because the failure or any variable performance of a backhaul link may affect multiple child IAB-nodes and their connected devices. However, IAB full-duplex may suffer from dynamic channel variation, due to, e.g., a moving reflective object or a change in the number of antenna element/transmission power, and then the self-interference cancellation may not be able to adapt based on such rapid channel variations. Moreover, depending on the setup, we may need to suppress the self-interference not only in the digital domain but first and foremost in the analogue domain which leads to high dynamic range requirement and substantial self-interference cancellation circuitry in the analogue signal path (considering that each receive path will need to cancel out the content of all transmit paths). This results in expensive and power inefficient nodes. To be able to handle all these challenges, if possible, and to agree on related specifications, we need to have clear and shared view about self-interference and its requirement. However, currently there is no common RAN1 model of the IAB full-duplex, and different companies do not have a common view about its requirements. Additionally, this work will likely require a substantial effort and consume a large part of the online time budget for the enhanced IAB WI, which is not motivated at this time. Hence, it is our view that self-interference is better left to implementation.
[bookmark: _Toc61903599]There is no commonly agreed view about or understanding of how to suppress self-interference and its requirements to justify specification work.
[bookmark: _Toc61903613]Full-duplex self-interference measurement and management are up to implementation.
Power control
The discussion about power control can be divided into the more common UL and UE-like power control in the IAB-MT and the uncommon DL power control in the IAB-DU. Since the two are substantially different, we discuss them separately below.
IAB-MT power control
The rationale for UL power control is similar to traditional UEs – devices in proximity to the serving node should be able to coexist with devices at the cell edge. Although IAB-MTs are not UEs, some resemblance to the above requirements can be found in the RAN4 specs. RAN4 has agreed on two different IAB-MT classes, the wide are and the local area IAB-nodes. The use case for the wide area IAB-node is that it is an independent IAB-node providing its own coverage, requiring a long distance backhaul link to connect to its parent IAB-node, see Figure 5. For such a deployment, little power control is required, which is also why RAN4 limited the dynamic range of the wide are IAB-MT to 5 dB.
The use case for the local area IAB-node, on the other hand, is to boost capacity within an already existing  cell served by a donor or parent IAB-node, see Figure 6. For this scenario it is apparent that the IAB-node may require a higher dynamic range in order to manage more variable deployments, e.g., closer to or further away from the donor or parent IAB-node. Consequently, RAN4 specified a 10 dB dynamic range requirement for this case.
In addition to the different scenarios, different generations of IAB-nodes may have varying capabilities to control transmit power. For example, an IAB-node using analogue BF may not have individual control of its antenna elements whereas a future IAB-node using digital BF may have. Additionally, the first generation of IAB-nodes, based on existing HW, may have little power control functionality. Hence, the spec should allow for different capabilities of power control.
[bookmark: _Toc61903614]Allow for different capabilities regarding power control for IAB-nodes.
IAB-DU power control
On its DU-side, the IAB-node takes the role as a base station. For that reason, on the one hand, it should provide a constant output power to achieve predictable coverage. That implies that the coverage providing broadcast signals and channels will not use power control. Instead, power control is limited to a subset of all channels, essentially unicast PDCCH and PDSCH. Such a selective power control requirement will put further requirements on the IAB-DU in that rapid power control may be required to allow transmit power changes from one slot to another or even from one symbol to another. Such requirements are presently not feasible and likely will not be, since power amplifiers typically require at least a few µs for changes to stabilize [10]. Switching power levels would hence be associated with reduced network capacity due to the symbols that would be left unused during the adjustment.
[bookmark: _Toc54383647][bookmark: _Toc61903600]Power control in DL broadcast signals and channels will affect cell coverage.
[bookmark: _Toc54383648][bookmark: _Toc61903601]To suit all IAB-DU power control requirements would necessitate slot-by-slot or symbol-by-symbol power control which is infeasible.
On the other hand, it would clearly be beneficial from a multiplexing perspective with some DL power control, e.g., to allow simultaneous reception in an IAB-node between a wide area parent IAB-node and a local area IAB-node or a UE. While it has been explained in Sec. 2 and Sec. 3 why including UEs in the simultaneous communications schemes to be specified should be avoided, allowing it for local area IAB-node is certainly within the scope of the WID. For that reason, introducing some optional DL power control may be beneficial for some use cases.
[bookmark: _Toc54383656][bookmark: _Toc61903615]DL power control is optional for IAB-DU.
Power control and CLI
One consideration for power control is that it is used as a means for interference management. As we have discussed in Sec. 3.1, the specification need regarding CLI is highly depending on the IAB network assumptions being made, e.g., whether UL or DL slots are being used for backhauling, whether separate backhauling slots are used or backhaul traffic and access traffic is mixed within a slot and whether the IAB-node is a wide-area or local-area node. Before there is a consensus about what CLI assumptions can be made for the IAB-network, specifying power control mechanisms my turn out to be premature. 
[bookmark: _Toc61903616]Specify power control when the CLI specification has progressed further to better know the power control requirements.
Conclusion
In the previous sections we made the following observations: 
Observation 1	T_delta,index is unspecified for values beyond 1199.
Observation 2	The currently specified range for T_delta,index does not allow indicating a UL Rx timing occurring later than a DL Tx timing.
Observation 3	Based on current specification, a parent node cannot use T_delta,index based OTA sync, if an IAB-node is operating in Case-6 timing configuration.
Observation 4	The minimum index values for T_delta,index are supported by current specification of the T_delta MAC CE signaling format.
Observation 5	The same dependencies on IAB-network propagation delays and requirements on T_delta,index apply for Case-6 and Case-7 timing configurations.
Observation 6	For FR1, the currently specified (Rel-16) valid maximum T_delta,index of 1199 is not sufficient for the estimation of propagation delays in Case-6 and Case-7.
Observation 7	For wide-area IAB-nodes using downlink slots for backhaul transmissions, network planning is sufficient for interference mitigation.
Observation 8	For wide-area IAB-nodes using uplink slots for uplink backhaul, the most critical interference situation is when an IAB-MT transmission interferes with a UE transmission, and amounts to a gNB transmitting in UL slots.
Observation 9	Wide-area IAB-nodes transmitting in UL slots would cause interference outside the IAB network, causing unexpected blind spots with reduced coverage, and would require more extensive network planning, complicating deployment flexibility.
Observation 10	There is no commonly agreed view about or understanding of how to suppress self-interference and its requirements to justify specification work.
Observation 11	Power control in DL broadcast signals and channels will affect cell coverage.
Observation 12	To suit all IAB-DU power control requirements would necessitate slot-by-slot or symbol-by-symbol power control which is infeasible.

Based on the discussion in the previous sections we propose the following:
Proposal 1	Extend the valid T_delta index range from (0,1…1199) to (0,1…2047).
Proposal 2	Identify use case that might require extending the bit field in the T_delta MAC CE in order to increase ISD for IAB-nodes operating in Case-6 or Case-7 and discuss whether there is sufficient motivation to change the T_delta MAC CE structure.
Proposal 3	Case-7 timing alignment use symbol alignment.
Proposal 4	RAN1 should focus on the cases where interference is more severe than in an non-IAB network.
Proposal 5	To identify and address relevant interference scenarios, RAN1 should agree on:
a.		Whether multiplexing Case-A and Case-B should take place in DL and/or UL slots for wide-area IAB-nodes,
b.	Whether backhaul traffic is separated from or mixed with access traffic, and,
c.	Whether the interference scenario is relevant for wide-area and/or local-area nodes.
Proposal 6	A wide-area IAB-DU only transmits in DL slots.
Proposal 7	Backhaul traffic is assumed to be separated from access traffic.
Proposal 8	Similar to gNBs, interference management between wide-area IABs operating backhaul links in DL slots is handled by network planning.
Proposal 9	Full-duplex self-interference measurement and management are up to implementation.
Proposal 10	Allow for different capabilities regarding power control for IAB-nodes.
Proposal 11	DL power control is optional for IAB-DU.
Proposal 12	Specify power control when the CLI specification has progressed further to better know the power control requirements.
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