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Introduction
The WID for enhanced IAB specifies the following objectives of IAB work item regarding support for simultaneous operation [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.


In this contribution, we present our views on the potential enhancements to timing, interference management and power control to support simultaneous operation. Please see [2] for our accompanying contribution discussing simultaneous operations and the dual-parent scenarios.
Timing
The following timing related agreements were made in RAN1 #106-e [3]:
	Agreement
For Case 6 timing at a given IAB-node, the IAB-MT Tx timing is set by the node to the timing obtained for the node’s DL Tx.
· FFS: Need for additional details with reference to support of OTA synchronization (e.g. T_delta)

Agreement
For Case 7 timing at a parent node, the IAB-MT Tx timing of the node is obtained via the legacy TA loop plus an offset from the parent node.
· FFS range, granularity, and signaling details of the offset.

Agreement
An IAB-node is explicitly indicated by the parent node when Case 6 timing is performed at the IAB-node at least for specific time resources.
· FFS: whether the indication should be associated with another dimensions, e.g. multiplexing cases
· FFS whether an IAB-node is explicitly indicated by the parent node when Case 7 timing is performed at the IAB-node.

Conclusion
Details on the design of the indication of when Case 6 timing (and Case 7 timing, if agreed) is performed at the IAB node are to be discussed under 8.10.1.

Agreement
An IAB-node is explicitly indicated by the parent node when Case 7 timing is performed at the parent node.
· FFS for signalling details


Case-6 timing
In a Case-1 timing operation, the parent IAB-node can provide information about its relation of DL Tx and UL Rx timing in form of a T_delta,index MAC CE signaling to the IAB-node. Depending on how long an IAB-node is operating in a Case-6 timing configuration, it still needs to maintain its DL Tx timing with support information from the parent node.
Based on the guidance by RAN4 [10] on a range (and related granularity) of T_delta (the time difference between the parent IAB-node’s DL Tx and UL Rx timing), the (currently specified) minimum and maximum T_delta,index (as signaled by MAC CE in TS 38.213 [7]) for timing configuration Case-1 is shown in Table 1. A derivation for the ranges of T_delta,index is given in [8].
[bookmark: _Ref83983739]Table 1: Range of T_delta,index (MAC CE) for Case-1 timing.
	SCS [kHz]
	Min T_delta,index
	Max T_delta,index

	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 [11], where the T_delta,index range is (0…1199).
[bookmark: _Toc84018891]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 [12], 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,index MAC CE signaling format, i.e., the current signaling format for T_delta,index (Timing Delta MAC CE in TS 38.321 [11]) 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 OTA sync for Case-6 is based on the same principles as for Case-1 timing configurations, i.e., based on the parent providing T_delta,index with T_delta,index relating to the parent IAB-node’s relation of DL Tx and UL Rx timing, the T_delta,index depends on the parent BH link propagation delay, T_PN. For Case-6 (as well as Case-7) the relation is given by [12]

The minimum value for T_delta,index, given in Table 2, are derived assuming a zero propagation delay T_PN = 0.
[bookmark: _Ref83985282]Table 2: Minimum T_delta,index (MAC CE) to support Case-6 timing.
	
	N_TA,offset
	Min T_delta,index

	FR1
	25600
	1302

	
	39936
	1414

	FR2
	13792
	767,5



Although in current TS 38.321 [11] the maximum number for T_delta,index is 1199, T_delta,index is signaled in an 11-bit format. This is sufficient to also support the minimum values shown in Table 2.
[bookmark: _Toc61903593][bookmark: _Toc71663436][bookmark: _Toc84018892]The minimum index values for T_delta,index in a Case-6 timing configuration are supported by current specification of the T_delta MAC CE signaling format.
It is observed that T_delta,index is an increasing function of the parent BH link propagation delay. That means also that a maximum propagation delay (equivalent BH link distance) is determined by the maximum T_delta,index for a given signaling format or signaling range.
Table 3 shows the maximum BH link distances that could be supported without change of the current T_delta,index MAC CE specification, i.e., assuming T_delta,index = 2047 (full 11 bit range) would be valid.
[bookmark: _Ref83988075]Table 3: Maximum link distance assuming T_delta,index = 2047.
	
	N_TA,offset
	Max BH distance [km]

	FR1
	25600
	14,5

	
	39936
	12,4

	FR2
	13792
	12,5



In addition to the 11 used bits, the current MAC CE for T_delta,index has five bits unused/reserved. Hence, 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 thereby having a T_delta,index range of (0,1,…4095). Table 4 show what maximum BH link distance could be supported.
[bookmark: _Ref83988657]Table 4: Maximum link distance assuming T_delta,index = 4095.
	
	N_TA,offset
	Max BH distance [km]

	FR1
	25600
	54,5

	
	39936
	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 support deployment with extended ISD.
We are also willing to extend the bit field in the T_delta MAC CE by one bit considering it would allow for all practical use cases in FR1 or FR2.
[bookmark: _Toc84018902]Extend the valid T_delta,index range from (0,1…1199) to (0,1…2047).
[bookmark: _Toc84018903]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.
Regarding ambiguity in whether T_delta is signaled based on Case-1 or Case-6 timing at the parent node, we observe that the range of T_delta,index for Case-1 timing and Case-6 timing is non-overlapping (for realistic assumptions, i.e. T_PN >= 0), compare Table 1 and Table 2. The node receiving T_delta,index can therefore differentiate whether a T_delta,index should be associated with a TA in a Case-1 timing or with a Case-6 TA=T_PN (with T_PN the estimate at the IAB-node).
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 would be 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 the IAB-node can determine the reference timing mode based on the index value.
[bookmark: _Toc84018893]Case-1 and Case-6 timing use disjoint sets of T_delta,index values.
[bookmark: _Toc84018904]Use a common T_delta,index signaling for Case-1 and Case-6 timing.
In Case-6, since the UL Rx timing of parent IAB-node is not under timing control by the parent IAB-node, the question is how to enable the parent IAB-node receiving with proper timing. Practically, the parent IAB-node UL Rx timing is T_PN delayed relative to the parent IAB-node DL Tx timing. Thus, what the parent IAB-node ultimately needs to know is the (estimated) T_PN. T_PN, TA (as set or measured at the IAB-node) and T_delta (as set or measured at the parent IAB-node) have an unambiguous relation. Knowing two of the values, determines the third. The parent IAB-node does not know T_PN nor the IAB-node’s TA, if not provided with additional information.
[bookmark: _Toc84018894]The parent IAB-node does not know T_PN nor the IAB-node’s TA, if not provided with additional information.
A parent node could be informed about the propagation delay between the parent IAB-node and an IAB-node operating in Case-6 by the IAB-node providing
· its TA to the parent IAB-node
· its own estimate of T_PN (the parent BH link propagation delay) to the parent IAB-node
[bookmark: _Ref83998965][bookmark: _Toc84018895]For a parent IAB-node to know its child BH link propagation delay to an IAB-node operating in Case-6, the IAB-node needs to provide either its TA or its estimate of its parent BH link propagation delay.
[bookmark: _Toc84018905]For a parent IAB-node to know its child BH link propagation delay to a Case-6 IAB-node, the IAB-node provides either its TA or its estimate of its parent BH link propagation delay.
It is agreed that an IAB-node is explicitly indicated by the parent node when Case 6 timing is performed at the IAB-node at least for specific time resources. We think it should also be possible for an IAB-node to request from its parent IAB-node to operate in Case-6. In addition, whether explicitly indicated by the parent IAB-node or requested by the IAB-node, an ACK should be provided, since the timing configurations are too different and important that they should not be confused due to improper coordination. The explicit indication by the parent node when Case 6 timing is performed at the IAB-node should be acknowledged by the IAB-node.
[bookmark: _Toc84018906]The explicit indication by the parent node when Case 6 timing is performed at the IAB-node should be acknowledged by the IAB-node.
As we discussed above (see Observation 5), the IAB-node operating in or to start operating in Case-6 timing needs to provide either its TA or estimate of parent BH link propagation delay. Any acknowledgement by the Case-6 IAB-node could be complemented, or could be substituted by, e.g., TA signaling to the parent IAB-node.
[bookmark: _Toc84018907]The signaling of TA or an estimate of a propagation delay by an IAB-node, after it received an explicit indication by the parent node to operate in Case-6, is treated as an acknowledgement.
In a similar way, if an IAB-node wants to request from its parent IAB-node that it can operate in Case-6, the IAB-node could simply signal, e.g., its TA to the parent IAB-node. Since, so far, there is no other purpose for the IAB-node to signal its TA or its estimate of propagation delay to the parent, it is unique enough to act as a request itself.
[bookmark: _Toc84018908]The signaling of TA or an estimate of a propagation delay by an IAB-node to the parent IAB-node is a request by the IAB-node to the parent IAB-node to operate in Case-6.
Case-7 timing
It is agreed that for Case-7 timing at an IAB-node, the child IAB-MT’s Tx timing is obtained via the legacy TA loop plus an offset from the IAB-node. This offset, in theory, depends on the IAB-node’s relation of DL Tx and UL Rx timing, when the IAB-node and its child node would operate in Case-1, and the propagation delay on the IAB-node’s parent BH link. The relation of DL Tx and UL Rx timing can be very well controlled by the IAB-node and can be considered constant. However, the propagation delay on the IAB-node’s parent BH link is not constant, but it varies by what can be expected in rather stationary deployment scenarios with rather stable links. This is true, as long as there are no changes of, e.g., TCI state for such a link, which could cause more significant stepwise changes in the propagation delay.
[bookmark: _Toc84018896]For an IAB node operating in Case-7, the child node’s offset depends on the propagation delay in the BH link between the parent node and the IAB-node.
We see two ways how an IAB-node can provide the Case-7 offset to its child node. It could be similar to the signaling that has been implemented for T_delta,index with the same granularity and range to be discussed. Such signaling could be used to control the switching between Case-1 and Case-7 operation implicitly (by providing a zero offset for Case-1 operation and non-zero for Case-7 operation).
[bookmark: _Toc84018909]The Case-7 offset signaling from an IAB-node to its child node is implemented in the same way as T_delta signaling, with the same granularity and range to be discussed.
Alternatively, and to account for the principal properties of a propagation delay, the offset signaling could follow the existing timing advance signaling and control mechanisms. This requires explicit control of the timing mode, which has already been agreed, and it has two advantages. The first advantage is its proven suitability to control parameters that depend on channel dynamic aspects; and the second advantage is that there already exists a complete set of timing advance specification in RAN1 and RAN2 and RAN4 that would significantly simplify Case-7 offset specification for IAB.
[bookmark: _Toc84018910]The Case-7 offset signaling follows the existing timing advance offset specification and control mechanisms.

Interference management
[bookmark: _Hlk83211305]RAN4 has agreed on two different IAB-node classes [6]:
· Wide-area IAB-node, that is an independent IAB-node providing its own coverage, requiring a long distance backhaul link to connect to its parent IAB-node. For instance, RAN4 considers a minimum required distance between the nodes to avoid extreme interference to the network. Here, the deployment is well-planned, planned by operators, with little need for power control and limited dynamic range (according to [6], the dynamic range of the wide-area IAB-MTs is limited to 5 dB). The wide-area IAB-MT looks like a normal gNB, in terms of, e.g., high transmit power, beamforming and antenna gains, and the wide-area IAB-nodes are assumed to be stationary.
· Local-area IAB-node, the use-case for which 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 [6]) and should be capable of more sophisticated power control.
With local-area IAB, 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. With wide-area IAB-node, however, the situation is different. Considering a wide-area IAB-node using high-power IAB-MTs with very high EIRP, any IAB transmission competing with a UE transmission in an UL 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 section (with wired backhaul) of the same network and maybe even most important with networks on adjacent carriers, which is highly undesirable. For instance, with an upstream transmission of wide-area 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. Furthermore, for any case where a wide-area high power transmission by an IAB-node takes place in UL slots, the victims of the interference are not only the neighbor IAB-node on the same carrier but also the non-IAB networks in adjacent spectrum/channels. Upstream transmission of wide-area IAB-MT in an UL slot and resulting interference are typically not accounted for during present network planning. 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. In this way, for wide-area IAB, and in general for planned and stationary deployment, 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 IAB-node transmitting in UL slots is prevented.
[bookmark: _Toc79166827][bookmark: _Toc84018897]For wide-area IAB-nodes using downlink slots for backhaul transmissions, network planning is sufficient for interference mitigation.
[bookmark: _Toc79166828][bookmark: _Toc84018898]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: _Toc79166829][bookmark: _Toc84018899]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 above discussion leads to the following proposals.
[bookmark: _Toc79166848][bookmark: _Toc84018911]Similar to gNBs, interference management between wide-area IAB-nodes 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. The following discussions are relevant to both local-area IAB-nodes and improperly configured wide-area IAB-nodes and/or IAB-DU transmission in UL slots. 
In RAN1 #106-e, we reached the following agreement about the DU-to-DU interference management  [3]:
	Agreement
For the support of DU-to-DU measurement and report:
· For DU-to-DU CLI measurement:
· Option 1.1. no specific mechanism is specified (e.g., it is handled by the implementation, or the available techniques)
· For DU-to-DU CLI report:
· Option 2.1. no specific mechanism is specified (e.g., it is handled by the implementation, or the available techniques)


With respect to MT-to-MT, MT-to-DU and DU-to-MT interference scenarios, especially for local-area IAB-nodes, it is interesting to note that:
· 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. Furthermore, local-area nodes are mainly within coverage of its parent node and can thereby be expected to have little interference with other nodes.
· 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 additional IAB-specific specification is required. Given the current agreements in AI 8.10.1 regarding preferred/non-preferred beam reports, there is not much more gain by additional interference measurement/report specifications. In this way, MT-to-MT, MT-to-DU and DU-to-MT interference management is a low priority discussion, and it is preferred to concentrate on more important aspects of the WID. In particular since there are only two meetings left and there are still many important issues unaddressed, which should be prioritized in the discussions.
[bookmark: _Toc84018912]RAN1 should focus on the scenarios where interference is more severe than in a non-IAB network.
[bookmark: _Toc84018913][bookmark: _Toc79166850]Regarding DU-to-MT, MT-to-MT and MT-to-DU interference managements, no additional mechanism is supported for IAB interference management and report.
In RAN1 #106e meeting, the interference management discussions ended up in the following conclusion [3]:
	Conclusion
Discuss under 8.10.1 whether CLI measurements should be included in the beam report from a node to its parent node.


We believe that the interference management discussions should be followed within the Agenda Item 8.10.2, and the interference measurements should not be included in the beam report. This is because the beam preference reporting already agreed in Agenda Item 8.10.1 is enough to allow the parent node to optimize interference-wise the beams towards the IAB node, and we do not see the need for introducing additional functionality for the same objective. We do not think it is appropriate to combine the beam reporting (of parent IAB-node beams) and reporting of RS measurements of arbitrary other nodes. Finally, due to the static behavior of the interference in IAB network, the time constants for beam report and interference measurement report may be quite different. For these reasons, we do not support the conclusion, and believe that the interference management discussions should be followed within Agenda Item 8.10.2.
[bookmark: _Toc84018914]Interference measurement report, even if specified, is not included in the beam report.
[bookmark: _Toc84018915]Interference measurement discussions are limited to Agenda Item 8.10.2.
Timing adjustment for interference measurement
In RAN1 #106-e, some companies had concerns about, to provide accurate interference measurement results, timing adjustment is required for interference measurement. This is motivated by the fact that, in general, there may be timing misalignment in interference measurements which depends on the timing advance (TA) applied at the transmitting UE, i.e., the transmission delay between UE and gNB, and the transmission delay between, e.g., the UEs. With this respect, it should be mentioned that the same point has been discussed in the Rel. 16 CLI [9], and it has been agreed that no changes are made to the TA for, e.g., CLI-SRS transmission. Moreover, it is straightforward to show that, with typical hop lengths, the measurements without timing alignment are unlikely to be off by more than a fraction of a symbol. Thus, the expected timing misalignment does not warrant a change compared to the already agreed Rel-16 measurement procedure. Moreover, in the cases with a long hop length, long distance interference (-measurement) is not relevant, as the interference is not expected to be strong. For these reasons, and also because for IAB a large part of the interference issues is handled during the network planning, there is no need for extra timing adjustment in IAB for interference measurement. 
[bookmark: _Toc84018916]Timing adjustment for interference measurement is up to implementation.
MT-based DU interference measurement
In RAN1 #106-e, some companies had suggestions for using MT-based measurements for DU interference measurements. Such a measurement may be useful in the cases with a co-located MT and DU, which is not necessarily the case and is besides related to implementation. Importantly, even with a co-located MT and DU, they may use different hardware and/or beam capabilities. Finally, even if the MT and DU share the same hardware, they are connected to different nodes in the access and backhaul, with different capabilities. Finally, contrary to the DU, the MT is controlled by the parent node. As a result, depending on the implementation, it may not be possible to understand the interference characteristics at the IAB-DU from MT-based interference measurements and measurements would be difficult to perform. Thus, such measurements should be left for implementation and no related specification should be mandated.
[bookmark: _Toc84018917]MT-based measurements for DU interference measurement are not supported.
Interference measurement reporting to parent node
In the previous meeting, there have been discussions on whether the IAB-parent needs to be informed about the interference measurement results of an IAB node. Moreover, there have been suggestions by companies if such a report should be based on L1/L2 signaling between the IAB and the IAB-parent.
As explained above, backhaul links are stationary for which a large part of the interference issues can be solved during network planning. Moreover, it is interesting to note that:
· We already have the agreement in AI 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). Such a report allows the parent to optimize the beams towards the IAB node. Thus, given the extra overhead, we do not see the need for introducing additional reporting for the same objective.
· Moreover, the MT/UE reports to CU and, if required, the IAB-parent can receive the interference measurement report via L3 signaling from the CU, which can be achieved by implementation with no need for further specification. On the other hand, L1/L2 signaling is for dynamic measurement configuration which, given the static characteristics of the interference in IAB networks, is not required.
For these reasons, and also because the parent does not know or cannot control the interfering nodes, we do not see much gain by such reports. This is especially because introducing the L1/L2 signaling for interference measurement reporting to the parent IAB requires follow up discussions which is not feasible with the two remaining RAN1 meetings. 
[bookmark: _Toc84018918]IAB-parent receiving the interference measurement report of the IAB node is up to implementation.
[bookmark: _Toc84018919]L1/L2 signaling to report the interference measurement results to the IAB-parent is not supported.
Power control
DL TX power control
The following was agreed regarding DL TX power control in RAN1 #106-e:
	Agreement
The desired DL TX power adjustment, indicated by the IAB-MT to its parent-node to assist with the parent-node’s DL TX power allocation, is provided at least for specific time resources. 
The desired DL TX power adjustment can further be associated with spatial configuration. (e.g., MT’s DL RX beams).
· FFS: signalling details, e.g. indication via MAC CE, PUCCH, or legacy CSI framework.

Agreement
Support an IAB-node indicating adjustment to its DL TX power to a child node (e.g., in response to receiving the DL TX power assistance information from the child node) at least for specific time resources.
The DL TX power adjustment indication can further be associated with spatial configuration. (e.g., MT’s DL RX beams).
· FFS: signalling details.


RAN1 has agreed to the possibility of DL power control towards an IAB-MT operating in simultaneous reception. DL power control is sensitive from a network perspective due to changing transmit power inherently changes fundamentally the properties of the cell such as coverage and capacity. 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 to the same antenna or front-end. 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][bookmark: _Toc84018920]DL power control is restricted to symbols in which the receiving node is operating in Case-7 timing.
The main objective with power control is to allow the analog front-end of the receiver to operate in its linear range. For DL power control, the assumption is that a strong parent DU will be incompatible with a weaker child MT such that simultaneous reception from the two nodes will be prohibited in the IAB node. If the signal strength of the two signals is too different the weaker one may drown in the noise floor in the non-linear region of the receiver or the stronger one may cause clipping or saturation.
It is important to realize that clipping and drowning occur in time domain signals and not subcarriers in the frequency domain. Furthermore, in a RAN1 context, power is typically expressed in PSD, i.e., power per bandwidth unit whereas clipping is an effect of a total received power. Considering the assumption of a stronger parent DU, PSD does not matter as much as total received power from the parent DU. With this in mind, in order to assess a preferrable received power level, not only the PSD is of relevance but also the signal bandwidth. Only considering PSD, a narrowband signal may be correctly decoded in the receiver whereas a corresponding wideband signal may be exposed to clipping and thereby incorrectly decoded. On the other hand, choosing to reduce DL TX power will decrease capacity of the parent DU. Figure 1 illustrates the problem by, on the left, presenting two different H/S/NA resource configurations, one FDM H/S/NA, with S-IA, and the other TDM NA, together with, on the right, the received power level in the IAB node, with the assumption that the parent node is approximately 5dB better received  than the child node. It is evident that the need for DL power control in a well-received parent node will differ for these two cases.


[bookmark: _Ref83976545]Figure 1: Relation between IAB-DU's resource configuration and IAB-MT receive power level.
[bookmark: _Toc84018900]In order to assess power control, both PSD and signal bandwidth will influence the appropriate signal level in the receiver.
[bookmark: _Toc84018901]Reducing DL TX power will decrease capacity of the parent DU.
Applying the above observations to the present specification work of DL power control in eIAB, also considering the introduced flexibility in H/S/NA configurations, implying that in one slot the parent DU signal may be a full BWP whereas in another slot, it may be only a single RBG, it is evident that DL power control must take into account the possible different configurations that may occur. One way to do that is to associate the power control request with a specific FDM H/S/NA configuration. This way, the parent DU may reduce power in slots where its configuration is relatively wideband whereas it may maintain power in slots where its configuration is relatively narrowband. By maintaining the power in these slots, it is also possible to achieve a higher capacity in the parent node. Granted, the granularity of the Soft indication is much finer than what is indicated by the H/S/NA indication, but in this case, the worst case could be assumed, which is when the combined NA and S resources of the IAB-node are used by the parent DU.
[bookmark: _Toc84018921]A DL power control request indicated per H/S/NA FDM configuration.
In order to differentiate between different H/S/NA configurations, the slot index, or some other unique identifier to the used bandwidth, may be appended to the power adjustment request. Correspondingly, the power adjustment response should also include the slot index for which it is valid.
[bookmark: _Toc84018922]Both the power adjustment request and power adjustment response include the slot index for which it is valid.
In RAN1 #106-e, it was agreed that the DL TX power adjustment indication should have spatial restrictions. Considering that different TCI states can have significantly different channel conditions, in particular if the best channel is LoS, a DL power adjustment should be restricted to beams with similar channel conditions. How this is done can be left for implementation in the parent node and can, e.g., be based on measurement reports from the IAB-MT. Also for this case, it may be beneficial to include the slot index, since it will allow the parent IAB node to know what beam the power control request concerns. By restricting DL power control to a subset of TCI states, the parent node is not obligated to use the same power adjustment for less preferred TCI states with worse channel conditions which will anyway not cause clipping during reception in the IAB node.
[bookmark: _Toc84018923]A DL TX power control acknowledgement includes a set of TCI states for which it is valid and by what amount TX power is reduced with respect to the reference bandwidth.
Another remaining task is to determine the signaling for DL power control, both for the request and the response. Considering that IAB links are expected to be stationary and, thereby, DL power control is not expected to vary very quickly, more relaxed signaling with MAC CE will suffice for the task.
[bookmark: _Toc84018924]DL TX power control requests and responses are provided by MAC CE signaling.
UL TX power control
RAN1 #106-e agreed on the following regarding UL TX power control:
	Agreement
Support an IAB-node indicating its desired IAB-MT PSD range to help with its MT’s UL TX power control.
· This information is provided to the parent node
FFS: Applicability of assistance information, e.g., per multiplexing scenario, per resource, etc.
FFS: Signalling details, including the possibility to extend PHR.


The IAB-MT can provide the desired PSD range to its parent DU in order to facilitate Case-A simultaneous transmission at the IAB node. For other modes of operation, the PSD range fills no purpose. Considering that the PSD range is unlikely to change very rapidly, if at all, there is no need to signal it together with the PHR report. There is also no need to use any more time-critical signaling protocol, but MAC CE will work well.
[bookmark: _Toc84018925]MAC CE is used for signaling of the desired PSD range.
Considering the values to be included in the PSD range, RAN1 should be open for different implementations with a large spread. For that reason, a range of 0-15 dB could be sensible with a resolution of 1 dB, totaling 4 bits.
[bookmark: _Toc84018926]The desired PSD range of the IAB-MT is indicated in the range of [0, 15] dB with a resolution of 1 dB.
Conclusion
In the previous sections we made the following observations: 
Observation 1	Presently, T_delta,index is unspecified for values beyond 1199.
Observation 2	The minimum index values for T_delta,index in a Case-6 timing configuration are supported by current specification of the T_delta MAC CE signaling format.
Observation 3	Case-1 and Case-6 timing use disjoint sets of T_delta,index values.
Observation 4	The parent IAB-node does not know T_PN nor the IAB-node’s TA, if not provided with additional information.
Observation 5	For a parent IAB-node to know its child BH link propagation delay to an IAB-node operating in Case-6, the IAB-node needs to provide either its TA or its estimate of its parent BH link propagation delay.
Observation 6	For an IAB node operating in Case-7, the child node’s offset depends on the propagation delay in the BH link between the parent node and the IAB-node.
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, which may affect overall network performance.
Observation 10	In order to assess power control, both PSD and signal bandwidth will influence the appropriate signal level in the receiver.
Observation 11	Reducing DL TX power will decrease capacity of the parent DU.

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	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 3	Use a common T_delta,index signaling for Case-1 and Case-6 timing.
Proposal 4	For a parent IAB-node to know its child BH link propagation delay to a Case-6 IAB-node, the IAB-node provides either its TA or its estimate of its parent BH link propagation delay.
Proposal 5	The explicit indication by the parent node when Case 6 timing is performed at the IAB-node should be acknowledged by the IAB-node.
Proposal 6	The signaling of TA or an estimate of a propagation delay by an IAB-node, after it received an explicit indication by the parent node to operate in Case-6, is treated as an acknowledgement.
Proposal 7	The signaling of TA or an estimate of a propagation delay by an IAB-node to the parent IAB-node is a request by the IAB-node to the parent IAB-node to operate in Case-6.
Proposal 8	The Case-7 offset signaling from an IAB-node to its child node is implemented in the same way as T_delta signaling, with the same granularity and range to be discussed.
Proposal 9	The Case-7 offset signaling follows the existing timing advance offset specification and control mechanisms.
Proposal 10	Similar to gNBs, interference management between wide-area IAB-nodes operating backhaul links in DL slots is handled by network planning.
Proposal 11	RAN1 should focus on the scenarios where interference is more severe than in a non-IAB network.
Proposal 12	Regarding DU-to-MT, MT-to-MT and MT-to-DU interference managements, no additional mechanism is supported for IAB interference management and report.
Proposal 13	Interference measurement report, even if specified, is not included in the beam report.
Proposal 14	Interference measurement discussions are limited to Agenda Item 8.10.2.
Proposal 15	Timing adjustment for interference measurement is up to implementation.
Proposal 16	MT-based measurements for DU interference measurement are not supported.
Proposal 17	IAB-parent receiving the interference measurement report of the IAB node is up to implementation.
Proposal 18	L1/L2 signaling to report the interference measurement results to the IAB-parent is not supported.
Proposal 19	DL power control is restricted to symbols in which the receiving node is operating in Case-7 timing.
Proposal 20	A DL power control request indicated per H/S/NA FDM configuration.
Proposal 21	Both the power adjustment request and power adjustment response include the slot index for which it is valid.
Proposal 22	A DL TX power control acknowledgement includes a set of TCI states for which it is valid and by what amount TX power is reduced with respect to the reference bandwidth.
Proposal 23	DL TX power control requests and responses are provided by MAC CE signaling.
Proposal 24	MAC CE is used for signaling of the desired PSD range.
Proposal 25	The desired PSD range of the IAB-MT is indicated in the range of [0, 15] dB with a resolution of 1 dB.
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