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Introduction
The WID for enhance IAB specifies the following [1]:
	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.


Below, we present our views on this objective. In addition, please see our accompanying contribution regarding resource multiplexing and dual connectivity [2].
[bookmark: _Ref178064866]Timing
The following timing related agreements were made in RAN1 #105-e [3]:
	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.


Considering simultaneous operation of IAB-MT and co-located IAB-DU, at least two classes of IAB-nodes can be identified. In case of simultaneous transmission, they can be summarized as
1. IAB-MT transmission timing is largely independent of the IAB-DU transmission timing, or it is required to be only within a certain range of the IAB-DU transmission timing.
2. IAB-MT transmission timing needs to be identical to the IAB-DU transmission timing.
In case of simultaneous receiving operation, two similar classes can be identified. One with potentially loose and one with strict reception timing alignment between IAB-MT and co-located IAB-DU.
The second class of IAB-nodes is motivated by restrictions in timing differences for common PHY layer processing, such as the FFT (and is the original reason for the discussion about Case-6 timing configurations in case of simultaneous IAB-MT/-DU transmission, similar for Case-7).
A OTA synchronization method for IAB-nodes for simultaneous transmission should also support nodes that belong to the second class, i.e., nodes that require identical MT and DU transmission timing (with any theoretical timing difference only due to internal design).
[bookmark: _Toc79180093]Case-6 and Case-7 timing were defined to enable identical MT and DU transmission and reception timing, respectively.
[bookmark: _Toc79180112]Any synchronization method for IAB-nodes for simultaneous transmission should also support nodes that require identical MT and DU Tx timing.
Synchronization of base stations (BSs) is usually done via GNSS (wireless) or PTP (wired). Both can ensure accurate sync per BS. That means performance of BS A does not depend on any performance figures of another BS B. Synchronization performance of BSs only depend on respective BS design and their synchronization source but not on RAN. This also makes sense from testing and inter-operability point of view, since RAN nodes can be tested, and operation verified on an individual BS basis. This principle is also honored in Rel-16 by not having any specific requirements on T_delta (accuracy, provisioning, etc.) and the determination of OTA sync (including the estimation performance of a propagation delay, but existing cell phase synchronization accuracy requirements of +/- 1.5 µs for any RAN node).
[bookmark: _Toc79180094]Base station synchronization performance does not depend on and is not set based on the synchronization performance of other BSs in RAN.
Additionally, a BS does not know the effective timing advance (TA) of a UE. It knows at most the sequence of TA commands, a sequence of differential TA changes. What is of primary concern for a BS is the UL reception timing for UE transmissions. Even if TA would be known at a certain point, the inherent probability of failed transmissions in wireless systems does not allow a BS to be sure of the proper reception of all future TA commands in order to track any TA changes. Other reasons, preventing a BS from knowing a UE’s TA is that a BS does not know how a UE implements (including deviations from the ideal of) any TA adjustment. All of this is taken care of in the specification by the design on the TA control loop, ensuring sufficient UL reception timing accuracy.
The same reasoning as for UEs applies also for IAB-MTs. That is, it is not guaranteed that a parent IAB-node knows the actual TA of child IAB-MTs.
[bookmark: _Toc79180095]It is not guaranteed that an IAB-parent knows the actual TA of descendent IAB-nodes.
[bookmark: _Toc79180096]There is no signaling specified of an absolute TA, instead TA is adjusted by a BS in a differential manner to meet its UL reception timing demands.
As for knowing the actual value of TA that a UE is using, a BS is also not concerned about a UE’s actual reception and transmission timing. Again, a BS is primarily concerned about UL reception timing for UE transmissions. From that, it is clear that a BS does not necessarily know the propagation delay to UEs – in the IAB case, a parent IAB-node does not know the propagation delay to descendent IAB-nodes.
[bookmark: _Toc79180097]A parent IAB-node does not necessarily know the propagation delay to descendent IAB-nodes.
If a parent IAB-node would know the actual TA of descendent IAB-nodes, or even better the propagation delay to descendent IAB-nodes, the parent node would not need to provide information T_delta (about the parent node’s internal timing relations) for the sake of estimating propagation delay by descendent IAB-nodes, but it could immediately provide information about the propagation delay.
Based on the guidance by RAN4 [9] on a range (and related granularity) of T_delta, the (currently specified) minimum and maximum T_delta,index (as signaled by MAC CE in TS 38.213 [6]) for timing configuration Case-1 is shown in Table 1. A derivation for the ranges of T_delta,index is given in [7].
[bookmark: _Ref78974749]Table 1: Range of T_delta_index (MAC CE) for Case-1 timing.
	SCS [kHz]
	Min T_delta
	Max T_delta

	15
	0
	1199

	30
	550
	1197

	60
	0
	740

	120
	276
	740



In RAN1 specification, there is no limitation on T_delta,index. The only reference to a limited index range is stated in TS 38.321 [10], where the T_delta,index range is (0…1199).
[bookmark: _Toc79180098]Presently, T_delta,index is unspecified for values beyond 1199.
The RAN4 recommendations only considered Case-1 timing configuration when the parent IAB-node’s UL reception timing is strictly advanced relative to the DL transmission timing. It does not cover the case of a parent IAB-node’s UL reception timing being delayed relative its DL transmission timing. Hence, it is natural that the limits indicated in Table 1 do not cover such scenarios and, therefore, a parent IAB-node cannot immediately use the existing T_delta,index based OTA sync, if an IAB-node is operating in Case-6 timing configuration. In the same way, an IAB-node operating in Case-7 timing configuration cannot provide the existing T_delta,index based OTA sync towards its child-nodes.
[bookmark: _Toc79180099]The currently specified range for T_delta,index does not allow immediately indicating a UL Rx timing occurring later than a DL Tx timing.
[bookmark: _Toc79180100]Based on current specification for the range of T_delta,index, OTA sync cannot immediately be used, if an IAB-node is operating in Case-6 or Case-7 timing configuration.
However, it should be emphasized that the principles used in Rel-16 OTA synchronization for IAB-nodes are not limited to Case-1 timing, but they are also applicable for any UL reception timing of a parent IAB-node.
[bookmark: _Toc79180101]The principles used in Rel-16 OTA sync for IAB-nodes are also applicable to any UL reception timing of a parent IAB-node, including the ones occurring in Case-6 and Case-7.
Case-6 timing
In RAN1 #105-e, it has been agreed to down-select from three alternatives how the IAB-MT Tx timing is set for Case 6 timing at a given IAB-node.
Two alternatives propose to introduce an offset to set the IAB-MT Tx timing: either an offset in addition to the legacy TA control loop or an offset in addition to the IAB-DU Tx timing determination, Alt-1 and Alt-3, respectively. One alternative proposes to set the IAB-MT Tx timing by the IAB-node to the timing obtained for the node’s DL Tx timing, Alt-2.
In [11], it is shown that by simply extending the range of T_delta,index
· An IAB-node can still maintain its DL Tx timing if provided T_delta,index, even if the IAB-node is operating in Case-6 or the parent IAB-node is operating in Case-7.
· The (minimum) index values for T_delta,index are supported by current specification of the T_delta MAC CE signaling format, i.e., the current signaling format for T_delta,index (Timing Delta MAC CE in TS 38.321 [10]) can be re-used.
· Depending on the expected support of backhaul distances, the indexing of T_delta,index may require one additional bit (out of five reserved ones).
If an IAB-node can still maintain its DL Tx timing, Alt-2 is immediately supported with no signaling overhead and minimum specification effort (only adjusting the reference to a maximum value of T_delta,index in TS 38.321, maybe adding one already available signaling bit). If the MT and DU Tx timing are identical (and set by the IAB-node itself), a minimum DU Tx / MT Tx alignment error can be achieved (at least it does not depend on the parent IAB-node performance) and all classes of IAB-node Case-6 alignment requirements can be supported.
[bookmark: _Toc79180113]In Case-6 timing, the MT’s Tx timing is set by the node to the timing obtained for the node’s DL Tx and the valid T_delta index range is extended from (0,1…1199) to (0,1…2047).
[bookmark: _Ref79051883][bookmark: _Toc79180114]Discuss whether there exist use cases with increased ISD, and if so, if these use cases warrant extending the bit field of the T_delta MAC CE.
In the down-selection, the suitability for switching between timing modes should be considered. In [11], it is also shown that in case of any Case-6 configurations a minimum T_delta,index applies. These minimum values are given in Table 2.
[bookmark: _Ref78982309]Table 2: Minimum T_delta_index (MAC CE) to support Case-6 timing.
	
	N_TA,offset
	Min T_delta,index

	FR1
	25600
	1302

	
	39926
	1413,9

	FR2
	13792
	767,5


Comparing the values for T_delta,index in Table 1 and Table 2, it can be observed that value ranges for Case-1 and Case-6 do not overlap. That means that it can be uniquely determined, irrespectively of which of the two timing modes an IAB-node is actually operating in, which timing mode a T_delta,index is referring to. As an example, if an IAB-node operating in FR1 is signaled a T_delta,index of 1100, it indicates that the UL Rx timing at the parent IAB-node is advanced relative to the DL Tx timing (i.e., it is signaled under Case-1 timing assumptions). It cannot be delayed relative to the DL Tx timing (as is always the case in Case-6), which is indicated by a T_delta,index of at least 1302 (Table 2). Contrary, if T_delta,index is above 1302, the UL Rx timing at the parent IAB-node is indicated as delayed relative to the DL Tx timing, which is always the case in Case-6 timing, but never in Case-1 timing. We therefore propose to use a common T_delta,index signaling for Case-1 and Case-6 timing for an IAB-node to determine its DL Tx timing as an IAB-node can determine the reference timing mode only based on the index value.
[bookmark: _Toc79180102]Case-1 and Case-6 timing use disjoint sets of T_delta,index values.
[bookmark: _Toc79180115]Use a common T_delta,index signaling for Case-1 and Case-6 timing.
Alt-1 and Alt-3 propose to introduce an offset for the determination of the IAB-MT Tx timing. Neither Alt-1 nor Alt-3 reveal what this offset should be, at least not how this offset is determined. Important for any method to set the IAB-MT Tx timing is to know the propagation delay between involved IAB-nodes. As synchronization of RAN nodes is a network requirement, independent of IAB, there is not much choice for the setting of each IAB-node’s DL Tx timing, regardless of the co-located IAB-MT’s Tx timing. This is achieved in Rel-16 by means of GNSS or OTA synchronization, in which case the child IAB-node is provided with information about the (parent) IAB-node’s relation of UL Rx and DL Tx through signaling of T_delta.
Any RAN node can only provide timing information that can be measured by this RAN node itself. There are four “time stamps”. The UL Tx and Rx and DL Tx and Rx timing information, information which is distributed between the parent and the IAB-node. In Rel-16, all four timing settings, or measurements thereof, are already used for the estimation of a propagation delay. As we already observed above, a parent IAB-node does not know the descendent IAB-node’s TA, nor does it know the propagation delay to such IAB-nodes. A parent node could be enabled to know the TA of a descendent IAB-node or estimate the propagation delay, only if the descendent IAB-node would provide information about its TA through new signaling. If there is an alternative, why was this not already discussed and utilized in Rel-16? In our opinion, signaling information by an IAB-node of its TA to a parent for the parent IAB-node to control this TA is a step back from Rel-16.
[bookmark: _Toc79180103]A parent node could be enabled to know the TA of a descendent IAB-node or estimate propagation delay, only if the descendent IAB-node would provide information about its TA through new signaling.
It is therefore totally unclear to us, how an additional offset, to be provided to an IAB-node in order to set or determine the Case-6 IAB-MT Tx timing, can be derived such that it is not already based on T_delta (or equivalently, on the relation of an UL Rx and DL Tx timing). If that is not the case, Alt-1 and Alt-3 also become equivalent to Alt-2. Proponents of Alt-1 or Alt-3 should describe in detail how the offset in these alternatives can be derived by the (parent) IAB-node alone and is not already provided through T_delta.
[bookmark: _Toc79180104]If the offset in Alt-1 or Alt-3 is based on T_delta, or equivalent information, Alt-1 and Alt-3 also become equivalent to Alt-2 with the disadvantage of requiring an additional signaled parameter.
[bookmark: _Toc79180116]Proponents of Alt-1 or Alt-3 should describe in detail how the offset in these alternatives can be derived by the (parent) IAB-node alone and is not already provided through T_delta.
Case-7 timing
If T_delta based OTA synchronization between IAB-nodes is also used for IAB-nodes having a Case-7 timing configuration, the same requirements and changes (i.e., extending the valid range of T_delta,index in TS 38.321 [10]) apply for Case-7 as for Case-6 [11]. We therefore propose to use a common T_delta,index signaling for Case-1 and Case-7 timing for an IAB-node to determine its DL Tx timing.
[bookmark: _Toc79180117]Use a common T_delta,index signaling for Case-1 and Case-7 timing.
The minimum index values for T_delta,index in Case-7 are provided in Table 2. As for Case-6, a maximum T_delta,index depends on the expected support for backhaul link distances and Proposal 3 also applies for Case-7, the reason why we do not repeat it.
An IAB-node simultaneously receiving using a Case-7 timing configuration has an understanding about the ideal IAB-DU UL Rx timing. This is different to Case-6 when the timing alignment requirement is not on the receiving parent IAB-DU side but on the transmitting IAB-MT side.
Of the alternatives in the agreed down-selection of how an IAB-MT Tx timing is set at an IAB-node for Case 7 timing at the parent node, we prefer Alt-3, to obtain the IAB-MT Tx timing of the node via a Case-7 specific TA loop from the parent node.
[bookmark: _Toc79180118][bookmark: _Toc79153819][bookmark: _Toc79162869][bookmark: _Toc79165738]For Case-7 timing at the parent node, the IAB-MT Tx timing is set by the parent node with a Case-7 specific TA loop.
Interference management
RAN4 has agreed on two different IAB-node classes, namely, wide- and local-area IAB-nodes, with distinct properties. 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. Wide-area IAB-node deployment can be assumed to be well-planned, planned by operators, with little need for power control and limited dynamic range (according to [5], the dynamic range of the wide-area IAB-MTs is limited to 5 dB). Particularly, the wide-area 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, interference can be well handled during the network planning phase, and given its complexity, additional interference measurements are not necessarily required, as a long as certain conditions described below are satisfied.
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 gNBs receiving UE transmissions, both inside and outside the IAB network. This may affect the co-existence of the IAB and non-IAB network and even networks on adjacent carriers, which is highly undesirable. 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 neighbor 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 neighbor non-IAB network. Furthermore, 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 neighbors on the same carrier but also the non-IAB networks in adjacent spectrum/channels. This situation is typically not accounted for during present network planning.
[bookmark: _Toc79180105]For wide-area IAB-nodes using downlink slots for backhaul transmissions, network planning is sufficient for interference mitigation.
[bookmark: _Toc79180106]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: _Toc79180107]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, which may affect overall network performance.
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. Local-area IAB networks can be fairly unplanned, and the IAB-MT transmit power may range between those of UEs and gNBs, both of which are properties requiring power control. For this reason, the IAB-MT has higher dynamic range (10 dB, according to [5]) and should be capable of more sophisticated power control. 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 advantageously be performed in uplink slots. However, it should be noted that, even with a local-area IAB, still, the DU transmission within UL slots, as it may occur in simultaneous Tx/Tx operation, can cause an unacceptable interference to the network.
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. Particularly, as discussed in our previous contribution (see [7], Table 5 and Fig. 7), from an interference point of view, the worst cases are identified to be wide-area nodes backhauling in UL slots where, for instance, the MT to DU interference may affect the QoS of the UE connections severely.
It should be noted that the multiplexing Case A and Case B will lead to substantially different interference effects. Therefore, in order to limit the interference effects, one needs to determine if such simultaneous operations are performed in DL or UL slots, as well as if the slots are only restricted to backhaul traffic or also includes access traffic. These points, however, are currently not clear in the discussions, and require clarifications.
The above discussion leads to the following proposals.
[bookmark: _Toc79180119]RAN1 should focus on the cases where interference is more severe than in a non-IAB network.
[bookmark: _Toc79180120]To identify and address relevant interference scenarios, RAN1 should agree on:
a. [bookmark: _Toc79180121]Whether multiplexing Case-A and Case-B should take place in DL and/or UL slots for wide-area IAB-nodes,
b. [bookmark: _Toc79180122]Whether backhaul traffic is separated from or mixed with access traffic, and,
c. [bookmark: _Toc79180123]Whether the interference scenario is relevant for wide-area and/or local-area nodes.
[bookmark: _Toc79180124]A wide-area IAB-DU only transmits in DL slots.
[bookmark: _Toc79180125]Backhaul UL traffic is assumed to be separated from access UL traffic.
[bookmark: _Toc79180126]Similar to gNBs, interference management between wide-area IABs operating backhaul links in DL slots is handled by network planning.
Although network planning can handle the interference, at least in wide-area IAB, it is still interesting to study different interference scenarios and their possible measurement techniques one by one, as they may be discussed in the meeting:
· DU-to-DU: We believe that no DU-to-DU interference measurement and reporting mechanisms need to be specified, as the DU-to-DU interference should be avoided by network planning and configuration. Here, it is interesting to mention that, during the Rel-16 work-item on CLI, RAN4 has carried out simulations and found that for macro scenarios, considerable performance degradation is observed due to BS-to-BS interference, suggesting that such scenarios should be avoided, cf. TR 38.828 [8]. In this way, this is a low priority discussion, and it is preferred to concentrate on more important aspects of the WID. This is especially because there are only few meetings left and there are still many important issues unaddressed.
· MT-to-MT: Even for a local-area IAB, the UE-to-UE interference management mechanism introduced in Rel-16 can be reused for MT-to-MT CLI. Moreover, given that the MT transmission is always in the same direction, interference can be well avoided by network planning. Hence, MT-to-MT interference discussion should have low priority.
· DU-to-MT and MT-to-DU: For DU-to-MT, interference can be measured by downlink reference signals, e.g., SSBs, where, for instance, the IAB node can use the SSBs from the parent and neighbor nodes to determine a preferred beam (w.r.t. SINR) towards the parent node. Then, assuming reciprocity, MT-to-DU interference can be managed jointly with DU-to-MT interference where, with an MT selecting the beam that minimizes SINR from surrounding DUs, it minimizes its own interference on surrounding DUs. This is especially relevant because, compared to the cases with UEs, the interference is of a less problem with MTs, since the MT follows a static, one-directional transmission, and the interference can be well handled by network planning.
To summarize, existing interference measurement mechanisms can handle different interference scenarios and no IAB-specific specification is required. As a result, any specification should be optional.
[bookmark: _Toc79180127]DU-to-DU interference measurement and reporting can be handled by implementation, and no specification is required.
[bookmark: _Toc79180128][bookmark: _Toc79153831][bookmark: _Toc79162881][bookmark: _Toc79165750]Since some configurations do not require specification of additional interference schemes, any specification of additional interference measurement is optional.
In RAN1#105-e Agenda Item 8.10.1, the following objectives of spatial domain resource multiplexing were agreed [3]:
	Agreement
In case of simultaneous MT/DU operation, 
· the parent node can dynamically indicate to the child node at least a set of restricted beams at the IAB-DU of the child node
· the child node can dynamically report to the parent node a set of recommended beams, not preferred beams, or both recommended and not preferred beams of the IAB-MT of the child node
· FFS: Whether the specification supports all reporting combinations.
· FFS: Applicability to specific multiplexing cases or specific time-frequency resources
· FFS: Additional semi-static signaling 
· FFS: Per-panel granularity in addition to per-beam granularity
· FFS: Relationship between child IAB-MT beam indication and parent IAB-DU beam indication
· Note: This does not preclude any enhancements for either DU or MT-based CLI measurement and reports


On the other hand, regarding CLI, the following objectives were agreed in RAN1#104, Agenda item 8.10.2 [4]:
	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.


As explained above, backhaul links are stationary for which a large part of the interference issues can be solved during network planning. Moreover, with respect to the agreement in A.I. 8.10.2, it is interesting to note that:
-	We already have the agreement in A.I. 8.10.1 with the parent node (resp. the child node) dynamically indicating to the child node (resp. the parent node) at least a set of restricted beams at the IAB-DU of the child node (resp. a set of recommended beams, not preferred beams, or both recommended and not preferred beams of the IAB-MT of the child node), and the A.I. 8.10.1 agreement already fulfils the A.I. 8.10.2 agreement. 
-	According to the WID, A.I. 8.10.2 only considers simultaneous operation [1], and hence no other interference scenarios are considered. Thus, the cases with TDM, which is the scenario not covered by the agreement in A.I. 8.10.1, is not in the objective of the A.I. 8.10.2, and it should not be prioritized.
In summary, we believe that, regarding the beam management mechanism, we already have the agreement we need in A.I. 8.10.1, and there is no need for additional agreements in A.I. 8.10.2.
[bookmark: _Toc79165725][bookmark: _Toc79180108]Additional enhanced interference mitigation and associated parent-child signaling, apart from what is already agreed, is not needed.
In RAN1#105-e, the following objectives were agreed [3]:
	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 neighboring IAB-nodes/IAB-donors for CLI management purposes.


As pointed out above, the relevant objective with A.I. 8.10.2 is to introduce interference management to assist simultaneous operation in IAB. Hence, the above agreement must be interpreted with the WID objective in mind, i.e., the agreement concerns cases with simultaneous operation. However, considering use of SDM in Soft resources, Soft is likely to constitute a large part of available resources. For these, the exchange of any resource configuration among neighboring IAB-DUs will not provide any advantage since such signaling will be outdated before reaching the neighbor IAB-DU. Moreover, each IAB node can have up to 1024 children and multiple IAB nodes could be under an IAB donor. In addition, as agreed in the previous meeting, there are different H/S/NA resource configurations for the TDM and FDM. Finally, as the donor CU decides about the configurations for the IAB-DUs, the FFS may lead to extra F1 signaling because receiving the information from the neighbor(s), the donor CU may reconfigure the IAB-DU(s) and then report it. Thus, in summary, such an H/S/NA resource configuration information exchange may lead to high signaling overhead, while its gain is not visible. For the above reasons, we do not support signaling of H/S/NA resource configuration to neighbor IAB-DUs.
[bookmark: _Toc79180129]The exchange of IAB-DU H/S/NA resource configuration information among neighboring IAB-nodes/IAB-donors is not supported.
[bookmark: _Ref189046994]. Power control
UL power control
In RAN1 #105-e, the following agreement was made regarding UL power control [3]:
	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


With respect to the FFSs in the agreement, it is possible to identify both some differences and similarities among them.
First, the parent IAB-DU receiving the IAB-MT’s UL power control signaling has no understanding of the presently used Tx power levels in the IAB-MT. The power headroom report (PHR) only indicates the difference in Tx power compared to the absolute maximum (and a negative PHR value represents the amount by which a maximum allowed value is exceeded). Hence, the parent IAB-DU has no reference for a desired Tx power and any signaling of such would require a further signaling of Tx power levels which is unnecessary. This is a difference compared to the 2nd and 3rd FFSs in the agreement.
[bookmark: _Toc79180109]Signaling a desired Tx power has no relation to the present transmit power level whereas signaling either an offset to a PHR or a desired dynamic range indicates a preferred Tx power threshold compared to the present Tx power level.
Second, both signaling of an offset towards a baseline PHR and signaling of a preferred dynamic range combined with a PHR would allow the parent IAB-DU to learn about the Tx power threshold, below which the enhanced mode of operation for the IAB node needs to change, see Figure 1. However, there is one significant difference between the two: signaling an offset compared to a dynamic baseline PHR will result in a dynamic offset, whereas signaling a preferred dynamic range is static information. Hence, the signaling frequency of the two is likely to differ substantially. For this reason, we prefer signaling of the desired dynamic range, based on which the parent node can continually determining whether the conditions allow the IAB node to operate in an enhanced mode or not.


[bookmark: _Ref74902097]Figure 1: Illustration of a preferred dynamic range and offset to PHR.
 
[bookmark: _Toc79180110]An offset to a PHR is dynamic in that it varies with the Tx power levels whereas a preferred dynamic range is static, thereby requiring less signaling.
[bookmark: _Toc79180130]The IAB node indicates a desired dynamic range for simultaneous operation to its parent IAB node(s).
DL power control
In RAN1 #104-e and RAN1 #105-e, the following agreements were made regarding DL power control [3][4]:
	Agreement
Support an IAB-node indicating information to assist with the DL power control of its parent-node towards the IAB-node without mandating an expected behavior at the parent node.
· Note: At least the assistance information is for supporting the simultaneous operation within the IAB-node to avoid power imbalance
· FFS: type of assistance information (e.g., desired received power, power adjustment, preferred CSI-RS resource)
· FFS: whether this information is provided to the parent-node, the CU, or both.
· FFS: applicability of the assistance information (e.g. relation to beams or multiplexing modes)
· FFS: the channel carrying this assistance information
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.


DL power control is significantly more sensitive than UL power control in that all devices in the cell may be affected by it. Hence, a reduced DL Tx power to an IAB-MT must not come at the expense of a reduced cell coverage or changed channel conditions for legacy UEs that are not expecting such changes. Doing that within a slot or even a symbol may prove difficult because present DUs cannot be expected to support such power control functionality on a symbol level or even to apply differentiated power control within the carrier or BWP.
One way of allowing differentiation between access and backhaul operations would be to differentiate between backhaul and access slots such that the IAB-DU can maintain a constant Tx power level towards UEs and apply power control to child IAB nodes. This way, DL power control procedure would have more flexibility without inflicting any changes to access link behavior.
[bookmark: _Toc79180111]Access slots require constant transmission power whereas power control in backhaul slots may be advantageous for simultaneous operation.
[bookmark: _Toc79180131]Introduce indication of access and backhaul slots to allow for DL power control differentiation towards child IAB nodes without affecting operation of legacy UEs.
When addressing DL power control from the point of view of a receiving IAB-node, one consideration is that DL power control is only beneficial for simultaneous reception and unbeneficial for legacy modes. A further consideration is that the need for DL power control only concerns IAB nodes where the MT and DU reception are linked. Hence, use of DL power control, from the point of view of a receiving IAB-node, is limited to IAB-nodes that operate in Case-7 timing.
[bookmark: _Toc74923203][bookmark: _Toc74923248][bookmark: _Toc74923275][bookmark: _Toc74923301][bookmark: _Toc74923345][bookmark: _Toc74923534][bookmark: _Toc74923576][bookmark: _Toc74923638][bookmark: _Toc74923757][bookmark: _Toc74923776][bookmark: _Toc74923877][bookmark: _Toc74923904][bookmark: _Toc74923937][bookmark: _Toc74923975][bookmark: _Toc74924040][bookmark: _Toc74923208][bookmark: _Toc74923253][bookmark: _Toc74923280][bookmark: _Toc74923306][bookmark: _Toc74923350][bookmark: _Toc74923539][bookmark: _Toc74923581][bookmark: _Toc74923643][bookmark: _Toc74923762][bookmark: _Toc74923781][bookmark: _Toc74923882][bookmark: _Toc74923909][bookmark: _Toc74923942][bookmark: _Toc74923980][bookmark: _Toc74924045][bookmark: _Toc79165757][bookmark: _Toc79180132]DL power control is restricted to slots in which the receiving node is operating in Case-7 timing.
In RAN1 #104-e, it was agreed that indication of information for DL power control is supported from an IAB node to its parent IAB-DU with many details left FFS. 
The main point left for decision is what kind of information to provide in the DL power control request. Similar to UL power control, the IAB-node does not know the absolute transmit power levels of the parent IAB-DU. Hence, a power adjustment is sensible since it allows the parent IAB node and the IAB-node to set a preferable power level without any further information. As a response, the parent IAB-DU should provide an ACK/NACK to allow the IAB-node to adjust is operations, e.g., scheduling. Furthermore, since power control is related to local conditions, there is little reason to involve the CU in the DL power control request. 
As the agreement presently is formulated, there is a risk that the IAB node gains the benefits at the expense of the parent IAB-node. That is, the IAB node may request to reduce the parent IAB-DU’s Tx power, but there is no corresponding functionality for the parent IAB-DU to negate or reset a granted DL power control request. Since there is likely little incentive in an IAB node operating in simultaneous operation to request a higher DL Tx power level, the parent IAB-DU may suffer by needing to operate in an unpreferred, too low IAB-DU Tx power level. There are at least two ways to mitigate this problem: either the parent IAB-DU can transmit a power control message itself, e.g., a power control reset, or the DL power control that was granted by the parent IAB-DU has a limited duration, requiring the IAB node to periodically renew its power control request. For simplicity, we prefer the latter alternative.
[bookmark: _Toc79180133]For DL power control, the IAB node may request a preferred power adjustment from its parent IAB-DU. Value(s) for the power adjustment are FFS.
[bookmark: _Toc74923912][bookmark: _Toc79180134][bookmark: _Toc74923913]The parent IAB node signals an ACK or NACK in response to the received DL power allocation request.
[bookmark: _Toc79180135]A DL power control request is limited in duration and must be renewed periodically. The duration of a DL power control grant is FFS.
Conclusion
In the previous sections we made the following observations: 
Observation 1	Case-6 and Case-7 timing were defined to enable identical MT and DU transmission and reception timing, respectively.
Observation 2	Base station synchronization performance does not depend on and is not set based on the synchronization performance of other BSs in RAN.
Observation 3	It is not guaranteed that an IAB-parent knows the actual TA of descendent IAB-nodes.
Observation 4	There is no signaling specified of an absolute TA, instead TA is adjusted by a BS in a differential manner to meet its UL reception timing demands.
Observation 5	A parent IAB-node does not necessarily know the propagation delay to descendent IAB-nodes.
Observation 6	Presently, T_delta,index is unspecified for values beyond 1199.
Observation 7	The currently specified range for T_delta,index does not allow immediately indicating a UL Rx timing occurring later than a DL Tx timing.
Observation 8	Based on current specification for the range of T_delta,index, OTA sync cannot immediately be used, if an IAB-node is operating in Case-6 or Case-7 timing configuration.
Observation 9	The principles used in Rel-16 OTA sync for IAB-nodes are also applicable to any UL reception timing of a parent IAB-node, including the ones occurring in Case-6 and Case-7.
Observation 10	Case-1 and Case-6 timing use disjoint sets of T_delta,index values.
Observation 11	A parent node could be enabled to know the TA of a descendent IAB-node or estimate propagation delay, only if the descendent IAB-node would provide information about its TA through new signaling.
Observation 12	If the offset in Alt-1 or Alt-3 is based on T_delta, or equivalent information, Alt-1 and Alt-3 also become equivalent to Alt-2 with the disadvantage of requiring an additional signaled parameter.
Observation 13	For wide-area IAB-nodes using downlink slots for backhaul transmissions, network planning is sufficient for interference mitigation.
Observation 14	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 15	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, which may affect overall network performance.
Observation 16	Additional enhanced interference mitigation and associated parent-child signaling, apart from what is already agreed, is not needed.
Observation 17	Signaling a desired Tx power has no relation to the present transmit power level whereas signaling either an offset to a PHR or a desired dynamic range indicates a preferred Tx power threshold compared to the present Tx power level.
Observation 18	An offset to a PHR is dynamic in that it varies with the Tx power levels whereas a preferred dynamic range is static, thereby requiring less signaling.
Observation 19	Access slots require constant transmission power whereas power control in backhaul slots may be advantageous for simultaneous operation.

Based on the discussion in the previous sections we propose the following:
Proposal 1	Any synchronization method for IAB-nodes for simultaneous transmission should also support nodes that require identical MT and DU Tx timing.
Proposal 2	In Case-6 timing, the MT’s Tx timing is set by the node to the timing obtained for the node’s DL Tx and the valid T_delta index range is extended from (0,1…1199) to (0,1…2047).
Proposal 3	Discuss whether there exist use cases with increased ISD, and if so, if these use cases warrant extending the bit field of the T_delta MAC CE.
Proposal 4	Use a common T_delta,index signaling for Case-1 and Case-6 timing.
Proposal 5	Proponents of Alt-1 or Alt-3 should describe in detail how the offset in these alternatives can be derived by the (parent) IAB-node alone and is not already provided through T_delta.
Proposal 6	Use a common T_delta,index signaling for Case-1 and Case-7 timing.
Proposal 7	For Case-7 timing at the parent node, the IAB-MT Tx timing is set by the parent node with a Case-7 specific TA loop.
Proposal 8	RAN1 should focus on the cases where interference is more severe than in a non-IAB network.
Proposal 9	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 10	A wide-area IAB-DU only transmits in DL slots.
Proposal 11	Backhaul UL traffic is assumed to be separated from access UL traffic.
Proposal 12	Similar to gNBs, interference management between wide-area IABs operating backhaul links in DL slots is handled by network planning.
Proposal 13	DU-to-DU interference measurement and reporting can be handled by implementation, and no specification is required.
Proposal 14	Since some configurations do not require specification of additional interference schemes, any specification of additional interference measurement is optional.
Proposal 15	The exchange of IAB-DU H/S/NA resource configuration information among neighboring IAB-nodes/IAB-donors is not supported.
Proposal 16	The IAB node indicates a desired dynamic range for simultaneous operation to its parent IAB node(s).
Proposal 17	Introduce indication of access and backhaul slots to allow for DL power control differentiation towards child IAB nodes without affecting operation of legacy UEs.
Proposal 18	DL power control is restricted to slots in which the receiving node is operating in Case-7 timing.
Proposal 19	For DL power control, the IAB node may request a preferred power adjustment from its parent IAB-DU. Value(s) for the power adjustment are FFS.
Proposal 20	The parent IAB node signals an ACK or NACK in response to the received DL power allocation request.
Proposal 21	A DL power control request is limited in duration and must be renewed periodically. The duration of a DL power control grant is FFS.
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