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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 resource multiplexing and RRC parameters.
Timing
The following timing related agreement were made in RAN1 #103-e [3]:
	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


The following timing related agreements were made in RAN1 #106-bis-e [4]:
	Agreement
Case 7 UL timing offset is indicated by the parent-node via MAC-CE.
Agreement
The granularity of Case 7 UL timing offset is the same as the UL TA granularity.
Agreement
RAN1 to downselect in RAN1#107-e one of the following for an OTA timing synchronization mechanism to enable/maintain Case 6 timing mode:
· Alt 1: no change or enhancement to the Rel-16 OTA synchronization specification is supported in Rel-17 for Case 6 timing.
· Alt 2: in Rel-17 the Rel-16 OTA synchronization specification is updated to support OTA synchronization for an IAB-node operating solely in Case 6 timing during IAB-MT Tx. 
· FFS range of T_delta.
NOTE: this is to provide a feasible solution to the RAN1#103-e agreement: “An IAB-node can rely on an OTA timing synchronization mechanism to enable/maintain Case 6 timing mode”



On the usefulness of performing MT transmissions in DL slots
There are several reasons why the TDD patterns in many RAN deployments have only one UL slot (if we disregard the switching slot with some mixed UL and DL symbols). DDSU in FR1 or DDDSU in FR2 are common choices. For interference reasons, it is unlikely that an operator would use a TDD pattern for an IAB deployment that is different from the established network TDD pattern.
[bookmark: _Toc87042479]Many NR deployments use TDD patterns with only one UL slot.
IAB-MTs and UEs can, in principle, be co-scheduled. However, due to a possible half-duplex constraint of IAB-node, co-scheduling IAB-MTs and UEs at parent IAB-nodes prevents the reception of any UE at an IAB-node in the same slot (this is one reason why IAB-DU has H/S/NA resource labels). Figure 1 illustrates the resulting multiplexing of these operations
[bookmark: _Toc87042480]Co-scheduling an IAB-MT and UEs at parent IAB-nodes prevents the reception of any UE at the IAB-node in the same slot.


[image: ]
[bookmark: _Ref86853690]Figure 1: An IAB-node that, due to a half-duplex constraint, is multiplexing its IAB-MT transmission and UE reception in, e.g., every second UL slot.

If the TDD pattern only offers one UL slot per cycle, this multiplexing of IAB-MT UL and UL operation of UEs served by the co-located IAB-DU will have severe impact on UE performance. For example, UEs will not always able to provide HARQ feedback in time, resulting in regular and unnecessary retransmissions that reduce DL performance.
[bookmark: _Toc87042481]In IAB networks with a TDD pattern only offering one UL slot per cycle, a UE is not always able to provide HARQ feedback, resulting in regular and unnecessary DL retransmission.
Another problem that affects UE performance is the reduced opportunity of requesting a scheduling grant. If a UE is provided with data for UL transmission, it may not be able to send it in a timely manner to the serving IAB-node.
[bookmark: _Toc87042482]In IAB networks with a TDD pattern only offering one UL slot per cycle, a UE is not always able to timely request an UL scheduling.
Obviously, in certain TDD configurations it is not desirable or even possible to operate MT transmission in UL slot without severe impact on performance of access UE.
[bookmark: _Toc87042483]In certain TDD configurations it is not possible to operate MT transmission in UL slot without severe impact on performance of access UE.
It is not only from a resource perspective that there may be problems with co-scheduling an IAB-MT and a UE. It might also require adjustments of the IAB-MT Tx power in form of a power reduction to a) have similar receive power levels as UEs, b) not cause more interference in UL slots (in own and neighbor networks) than UEs. This can increase implementation complexity in case a wide range of MT Tx power adjustment should be required, which generally is not favorable. Such configurations are likely to be opposed by operators since it also decreases UL BH performance and/or introduces ISD limitation.
[bookmark: _Toc87042484]If co-scheduled in UL slots, an IAB-MT may have to reduce transmit power, in turn reducing BH performance, to avoid causing interference in its own and neighboring RANs.
An attractive alternative that prevents all the above issues is to configure the IAB-MT transmitting in DL slots.
An IAB-MT transmitting in DL slots does not have to adhere to UE class like transmissions and is not power limited. Only such a configuration with full power transmissions can enable large ISDs, if the operator plans for such deployments.
[bookmark: _Toc87042485]An IAB-MT transmission in DL slots can be with maximum power improving UL BH performance and allowing large ISD.
Especially with shared IAB-MT/DU hardware, an IAB-node operating in Case-1 needs to switch its transmit timing between IAB-MT and IAB-DU transmissions. With a Case-6 timing configuration for the IAB-MT UL, only one transmission timing needs to be supported. This can make quite a difference from an implementation complexity point of view and the specification should not restrict the possibility for such an attractive configuration. 
[bookmark: _Toc87042486]Using Case-6 timing for the MT’s UL eliminates the need for implementing variable transmission timing.
We would like to note that Case-6 is required, due to TDD network timing requirements (independent of IAB), for any transmissions in DL slots. We do not believe that IAB-MT transmission with Case-6 timing in UL slots are efficient, since their delayed reception overlaps in time with the subsequent parent DU operation and, therefore, the last symbols in a slot are lost. 
Having IAB-MT transmissions only in DL slots can provide higher flexibility in configuring resources. Not only are UL resources for UE untouched (and so is any UE UL operation), but in some configurations (when UL resources are sparse anyway compared to DL resources), a reduced number of UE UL slots is worse than using some DL capacity for UL BH. A small loss in DL resources is traded-off by a significant preservation of UL resources.
[bookmark: _Toc87042487]IAB-MT transmissions in DL slots can provide higher flexibility in configuring resources.
Overall, IAB-MT transmissions in DL slots make IAB-node transmissions more similar to gNB transmissions (especially in case of high power) and reduce impact on UE resources and operation.
[bookmark: _Toc87042488]IAB-MT transmissions in DL slot make an IAB-node more similar to a gNB with minimum effect on UE operation.
It is therefore reasonable for an operator, in many cases, to configure IAB-nodes for Case-6 only operation. This can, for example, take place after a certain configuration phase (TS 38.401 [13], section 8.12), i.e., Phase 1 and 2 of the IAB-node integration could be in a Case-1 timing configuration, and in Phase 3 the IAB-node could switch to operate entirely in Case-6 with IAB-MT transmission in DL slots for the foreseeable future.
[bookmark: _Toc87042489]Case-6 only is a valid configuration that can provide clear advantages especially for wide-area deployments and for TDD patterns with a single UL slot.
[bookmark: _Toc87042510]IAB-MT transmission in IAB-DU DL configured slots is supported.
[bookmark: _Toc87042511]Case-6 operation should be given the same principal support by specification as Case-1 or Case-7.
On the definition of TA
TS 38.211 [5] states the following about Timing Advance (TA):
“Uplink frame number i for transmission from the UE shall start T_TA=(N_TA + N_TA,offset)*Tc before the start of the corresponding downlink frame at the UE…”
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Figure 2: Definition of Timing Advance in TS 38.211
TA is a UE (IAB-MT) setting. If the UE knows its UL and corresponding DL frame start, it knows its TA and therefore also its corresponding N_TA (because of above 1:1 relation between TA and N_TA). This does not put any limitation on how a certain TA is derived or set. During standard UE operation, N_TA is modified by the base station, for the base station to achieve a certain UL Rx timing. In Case-6 timing configurations, the TA is the result from the IAB-node setting its IAB-MT’s UL Tx timing to the timing obtained for the IAB-DU’s DL Tx. It is not the result of any parent node timing intervention.
[bookmark: _Toc87042490]
In Case-6 timing, the IAB-MT timing is not determined by the parent IAB-node, the TA is set by the IAB-node.
Thus, an MT is always aware of the N_TA equivalent to its current TA. The TA framework definitions are also well defined for the Case-6 timing configuration.
[bookmark: _Toc87042491]An MT is always aware of the N_TA equivalent to its current TA. The TA framework definitions are also well defined for the Case-6 timing configuration.
Due to the agreement about how a Case-6 IAB-MT Tx timing is set, the IAB-MT cannot follow TA commands anymore, while the IAB-node is operating in Case-6 timing configuration. If the IAB-MT would follow TA commands, the IAB-node would fail to operate according to agreement. 
[bookmark: _Toc87042492]By agreement, the IAB-MT cannot follow TA commands, while the IAB-node is operating in Case-6 timing configuration.
Case-6 Timing
Support of OTA Synchronization
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. Regardless of 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: _Ref87003373]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: _Toc87042493]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, as is the case for Case-6. Hence, it is no surprise 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.
[bookmark: _Toc87042494]The RAN4 recommendations in Rel-16 on the T_delta range cover only cases when the parent IAB-node’s UL reception timing is strictly advanced relative to the DL transmission timing, i.e., Case-1, not Case-6.
[bookmark: _Toc87042495]Rel-16 OTA synchronization specification does not support maintaining Case-6 timing mode.
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.
· 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 timing synchronization 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 difference between DL Tx and UL Rx timing, the T_delta,index depends on the parent BH link propagation delay, T_PN. For Case-6, the relation is given by [12]

The minimum value for T_delta,index, as shown in Table 2, are derived assuming a zero propagation delay T_PN = 0.
[bookmark: _Ref87003444]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: _Toc87042496]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: _Ref87003484]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: _Ref87003496]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


Changing the valid range of T_delta,index from (0,1…1199) to (0,1…2047) can support maintaining Case 6 timing mode – with absolute minimum specification impact.
We are 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: _Toc87042512]Extend the valid T_delta,index range from (0,1…1199) to (0,1…2047).
[bookmark: _Toc87042513]Extending the bit field of the T_delta MAC CE to 12 bits.
One of the agreements from RAN1 #106-bis asks to downselect an alternative that provides a feasible solution, so that an IAB-node can rely on an OTA timing synchronization mechanism to enable/maintain Case 6 timing mode. We share the understanding of “to maintain” as “to keep in an existing state” with the mainstream. Changing states to a Case-1 timing configuration is consequently not a solution to maintaining the state of Case-6 timing configuration.
[bookmark: _Toc87042497]Changing IAB-node configuration to a Case-1 timing configuration is not a solution to maintaining the state of Case-6 timing configuration.
We have shown above that current Rel-16 OTA synchronization specification does not support maintaining Case-6 timing mode. We have also shown that a marginal update of the Rel-16 OTA synchronization specification would allow to maintain Case 6 timing mode in an IAB-node, honoring the agreement from RAN1 #103.
[bookmark: _Toc87042498]Alt 1 in the RAN1#107-e agreement to downselect an OTA timing synchronization mechanism to enable/maintain Case 6 timing mode violates a previous agreement. 
[bookmark: _Toc87042514]Support Alt 2, updating the Rel-16 OTA synchronization specification to allow maintaining Case 6 timing mode in an IAB-node.
Enabling a Parent IAB-node to Receive a Transmission with a Case-6 Timing
In case of Case-7, by the IAB-node providing a Case-7 timing offset, both the IAB-node performing Case-7 timing as well as the child IAB-node have consistent information what transmission timing (at child node) to use and what reception timing (at the AIB-node) to expect.
There has not been any discussion so far on how to initialize a parent IAB-node’s UL Rx for receiving from an IAB-node operating in Case-6 timing. Even if RAN1 would agree on the parent to rely on tracking a reception timing, there must be at least an initial successful reception.
[bookmark: _Toc87042499]There has not been any discussion so far on how to initialize a parent IAB-node’s UL Rx for receiving from an IAB-node operating in Case-6 timing. There must be at least one initial successful reception.
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 initialize reception at the parent IAB-node with proper timing. Practically, the parent IAB-node’s UL Rx timing is delayed relative to the parent IAB-node’s DL Tx timing by the parent BH link propagation delay, T_PN. Thus, it would be sufficient for the parent IAB-node to know 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 in that knowing two of the parameters, determines the third. The parent IAB-node knows neither T_PN nor the IAB-node’s TA, unless provided with additional information.
[bookmark: _Toc87042500]The parent IAB-node knows neither T_PN nor the IAB-node’s TA, unless provided with additional information.
A parent node could be informed about the propagation delay between the parent IAB-node and an IAB-node to be 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: _Toc87042501]For a parent IAB-node to know its child BH link propagation delay to an IAB-node to be operating in Case-6, the IAB-node can provide either its TA or its estimate of its parent BH link propagation delay.
[bookmark: _Toc87042502]As an alternative to signaling TA or T_PN to the parent node, the IAB-node could simply indicate to its parent node by how much the IAB-node would change its timing from its current UL Tx timing to the target UL Tx timing. The parent node can then know by how much a future UL Rx timing during Case-6 operation will differ from the parent node’s current one.
[bookmark: _Ref87019807][bookmark: _Toc87042503]One of the following three alternatives can be selected to initialize a parent IAB-node’s UL Rx timing for receiving from an IAB-node operating in Case-6 timing:
[bookmark: _Toc87042504]The IAB-node indicates to its parent node
Alt. 1: its TA, or
Alt. 2: its estimate of its parent BH link propagation delay, or
Alt. 3: by how much it will change its UL Tx timing from its current timing to the target timing.
[bookmark: _Toc87042515]Select Alt. 3: For a parent IAB-node to initialize its UL Rx timing for receiving from an IAB-node operating in Case-6 timing, the IAB-node indicates to its parent node by how much it will change its UL Tx timing from its current timing to the target timing.
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 (which would also act as explicit indication), 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: _Toc87042516]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 24), the IAB-node operating in or about to start operating in Case-6 timing needs to provide some information to the parent node. 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: _Toc87042517]The signaling of the parent node Rx timing initialization value for Case-6  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: _Toc87042518]The signaling of TA, propagation delay or timing offset 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.
[bookmark: _Toc87042519]After performing Case-6 timing for some time, an IAB might need to switch from Case-6 to Case-1. We propose that the same mechanism is used for switching timing from Case-6 to Case-1 as we proposed for switching from Case-1 to Case-6. After that, the standard TA commands can be used for finetuning.
[bookmark: _Toc87042520]For an IAB-node to initially set its UL Tx timing for transmissions after switching from a Case-6 operating to Case-1, the parent IAB-node indicates by how much it will change its UL Rx timing from its current timing to the target timing.
Case-7 Timing
During the last meeting it was agreed on the signaling type and granularity of the Case-7 timing offset. So far, no agreement has been made on the range of the Case-7 timing offset. 
We think that at least 11 bits for FR2 are needed to sufficiently time adjust the child IAB-MT UL Tx timing of and IAB-node operating in Case-7, in order to achieve a minimum number of additional symbol shifts and therefore a minimum number of lost symbols [9]. A safe assumption would be 12 bits.
The Case-7 timing offset serves a similar purpose as T_delta and we do not see a problem why this offset cannot have the same principal signaling format as T_delta.
[bookmark: _Toc87042521]The Case-7 timing offset has the same format as T_delta. It is FFS the number of required bits.
Considering RAN1 #107-e will be the last meeting to discuss this matter and considering there has not been much discussion so far on the range, we can agree on asking RAN4 for guidance on the number of required bits.
[bookmark: _Toc87042522]Send LS to RAN4, asking RAN4 to specify the range of the Case-7 timing offset.
Power control
There are some common denominators that are valid for both UL PSD range indication and DL TX power control. Instead of repeating them in each section below, we address them here for both cases.
For normal UEs, power control is a relatively simple algorithm, independent of most parameters required to establish a functioning connection to the gNB. This is the case even if the UE is mobile and for that reason needs to change beams, TCI states, or even cells more frequently than an IAB node that can be expected to be stationary with planned behavior. For IAB nodes, RAN1 has agreed on a similar and very flexible configuration information for both UL PSD reporting and DL TX power control, , without actually considering the feasibility, consequences or the advantages with such a framework. Moreover, the introduced flexibility has consequences in terms of increased signaling overhead.
[bookmark: _Toc87042505]TX power control is a trade-off between power control flexibility and signaling overhead.
Considering the objective with WI 8.10.2, to specify “extensions for DL/UL power control, …, as needed, to support simultaneous operation” does not give a carte blanche for introducing any power control for an arbitrary multiplexing mode. With this in mind, it is clear that parent DL TX power control is only relevant for cases where the IAB node is operating in simultaneous reception mode and, correspondingly, reporting of a desired UL TX PSD is only relevant when the IAB node is operating in simultaneous transmission mode. Introduction of any power control signaling should be restricted to cases that are in line with the WI objective.
[bookmark: _Toc87042506]UL PSD range indication and DL power control are introduced to support simultaneous transmission and simultaneous reception and typically, only for IAB nodes in Case-6 and Case-7 timing, respectively.
Considering the introduced flexibility, it is worth noting that it requires both the requesting and the responding node to have information about the configuration that is being exposed to power control. So far there is no agreement that a parent node has information about the IAB DU’s frequency domain resource configuration or what such information should include. From a timing and power control perspective, it would suffice to provide information about whether a slot is configured TDM or FDM, which together with the MT’s and DU’s TDD format, would allow the parent node to make an informed decision about which slots are configured for simultaneous operation.
Even though we see advantages with introducing such functionality, doing so in the last meeting is too late since resource configuration is one of the more complicated configuration schemes in eIAB, even more so with the introduction of FDM in addition to TDM and considering backwards compatibility. Additionally, there is no specified mechanism for indication in order for the two IAB nodes to distinguish among the different resource configurations.
[bookmark: _Toc87042507]The parent node performing UL/DL TX power control does not necessarily know about the IAB node’s H/S/NA resource configuration and there is no mechanism for efficient indication.
[bookmark: _Toc87042523]Provide slot-based multiplexing configuration (TDM or FDM) information to parent node for simultaneous operation.
Below, we assume that the parent node has some information about the IAB node’s resource configuration. This information includes the IAB node’s TDD pattern (UL/DL/F), multiplexing mode (TDM or FDM) and semi-static configuration (H/S/NA) on a slot level. The semi-static H/S/NA may be on a binary granularity level – if any RB set is configured H/S/NA or not. The above is information that anyway needs to be available at the parent node for it to be able to dynamically indicate availability to, and to schedule, the IAB node. By using this information, the parent node can determine resources for simultaneous operation, and thereby whether enhanced (UL or DL) power control is beneficial. Based on the shared semi-static configurations and dynamic indications, the requirements for where enhanced power control would be beneficial are summarized in Table 5. In the table, H/NA indicates that some RB sets are configured Hard or Not Available, but no RB set is configured as Soft. Two things can be noted in the table. First, TDM does not allow for simultaneous operation and hence, does not benefit from DL TX power control. Second, the normal H/S/NA configuration, in this consideration, is a special case of the more general H/NA configuration.
[bookmark: _Ref86767932]Table 5: Combinations of semi-static configuration and dynamic indication for which enhanced power control is beneficial.
	Multiplexing mode
	Semi-static configuration
	Dynamic indication

	TDM
	
	

	FDM
	H/NA
H/S
S/NA
	
At least one RB set not IA
At least one RB set IA


The above does not take into account SDM capable nodes, for which, so far, no specific capability indication exists. However, in our view, SDM is performed in Soft resources, i.e., it is up to the IAB node itself to determine whether the conditions for SDM are met or not. Hence, SDM can be excluded from the above combining.
[bookmark: _Ref86776433][bookmark: _Toc87042524]Enhanced (UL and DL) power control is provided for symbols for which one or more of the following combinations of multiplexing mode, semi-static configuration, and dynamic indication applies:
a. [bookmark: _Toc87042525]FDM-H/NA
b. [bookmark: _Toc87042526]FDM-H/S where at least one RB set is not IA
c. [bookmark: _Toc87042527]FDM-S/NA where at least one RB set is IA
DL TX power control
The following was agreed regarding DL TX power control in RAN1 #106-bis-e:
	Agreement
The following alternative is selected for the association between the indicated parent-node’s DL TX power adjustment, provided by an IAB-MT to its parent-node, and IAB-node’s resources and/or configurations:
· Alt 2. The desired DL TX power adjustment is indicated to be associated with some combination (one or multiple) of the following IAB-node’s configurations:
· Multiplexing mode
· MT’s DL beam (e.g. TCI state id)
· (MT CC, DU cell) pair
· DU resource configuration
· FFS: Slot index
· FFS: timing mode (e.g., Case-7 timing)

Agreement
The desired parent-node’s DL TX power adjustment, provided by an IAB-MT to its parent-node, is indicated via MAC-CE.
· The indication further includes the associated configurations and/or resources for which the indicated power adjustment is applicable.
· The indicated adjustment is in terms of a relative offset to a reference DL TX power. 
· FFS: the reference power (e.g., an RS such as CSI-RS, etc) for the indication of desired adjustment.
· FFS: the range of values for the indicated adjustment.

Agreement
The DL TX power adjustment, provided by the parent-node to IAB-MT, is indicated to be associated with some combination (one or multiple) of the following IAB-node’s configurations:
· Multiplexing mode 
· MT’s DL beam (e.g., TCI state id, RS id)
· (MT CC, DU cell) pair
· DU resource configuration
· FFS: DL signal/channel type
· FFS: slot index
· FFS: timing mode (e.g., Case-7 timing)

Agreement
The DL TX power adjustment, provided by the parent-node to the IAB-MT, is indicated via MAC-CE.
· The indication further includes the associated configurations and/or resources for which the indicated power adjustment is applicable.
· The indicated adjustment is in terms of a relative offset to a reference DL TX power. 
· FFS: the reference power (e.g., an RS such as CSI-RS, etc) for the indication of DL Tx power adjustment.
· FFS: the range of values for the indicated adjustment. 
 
Agreement
The indicated DL TX power adjustment is not applied to SSBs.
· FFS: any other cell-specific/semi-static DL signal to be exempted.
· FFS: applicability of the indicated TX power adjustment to other RS/channel which share the same QCL Type-D assumption.


In addition to the above discussed parameters multiplexing mode and DU resource configuration, RAN1 #106bis-e agreed that both the requested and responded DL TX power control is indicated to be associated with some combination (one or multiple) of MT’s DL beam (e.g., TCI state id, RS id) and (MT CC, DU cell) pair. As discussed above, it can be argued whether the increased complexity arising from defining multiple parallel power control loops can be motivated by stationary nodes. Furthermore, considering the assumed stationarity of backhaul links with only rarely changing TCI states, the value of supporting multiple DL TX power control loops can be discussed. Similarly, even if a parent link is composed of multiple (MT’s CC, DU cell) pairs, the value of individual DL TX power control per CC in a planned deployment is marginal at best and therefore may be pooled. Based on the above discussion, and in addition to Proposal 14, we propose the following:
[bookmark: _Toc87042528]A single indication can be used for requested DL TX power control for all combinations of MT’s DL beam and multiple MT’s CCs or DU cells.
[bookmark: _Toc87042529]A single indication can be used for responded DL TX power control for all combinations of MT’s DL beam and multiple MT’s CCs or DU cells.
[bookmark: _Toc87042530]In addition to power control indication, a remaining item is what cell-specific signals in addition to SSB that are exempt from DL TX power control. In order to properly function, cell-specific signals cannot be exposed to power control since that would affect cell coverage. Hence, we propose that all cell-specific signals that are treated as Hard are also exempt from DL TX power control.
[bookmark: _Toc87042531]Cell-specific signals are exempt from DL TX power control.
[bookmark: _Toc87042508]Considering instead which signals and channels that are transmitted with sufficient transmit power so that a receiving IAB node would benefit from DL TX power control, only PDSCH remains. By restricting DL TX power control to PDSCH and related CSI-RS, risks are severely minimized with only marginal performance loss.
[bookmark: _Toc87042532]DL TX power adjustment is applied to PDSCH and associated CSI-RS.
Finally, in RAN1 #106-bis-e, it was agreed to study the appropriate range of both indicated and provided DL TX power adjustment. Here, DL dynamic range should not be required to be better than UL dynamic range. Also, it is essential that RAN1 follows the requirements as specified in RAN4. Then, as explained in [6] and our previous contributions, RAN4 has agreed on two, namely, wide-area and local-area, classes of IAB nodes. Wide-area IAB-node is an independent IAB-node providing its own coverage, requiring a long distance backhaul link to connect to its parent IAB-node. Here, the deployment is well-planned, planned by operators, with little need for power control and limited dynamic range. Specially, according to [6], the dynamic range of the wide-area IAB is limited to 5 dB. 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. With local-area IAB, the benefit of power control increases, and the IAB-MT has higher dynamic range, where RAN4 has agreed on 10 dB dynamic range. With this background, we propose that for DL Tx power control RAN1 follows the RAN4 specifications for wide- and local-area IAB nodes with a resolution of 1 dB, resulting in 3 bits.
[bookmark: _Toc87042533]The IAB-DU DL TX power control range follows IAB-MT power control requirements of the IAB-node, i.e., 5 dB for wide area nodes and 10 dB for local area nodes, in increments of 1 dB, and is requested and acknowledged in relation to the CSI-RS of the TCI state. 
[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]UL TX power control
RAN1 #106-bis-e agreed on the following regarding UL TX power control:
	Agreement
The desired IAB-MT’s UL PSD range, provided by the IAB-MT to its parent-node, is indicated to be associated with some combination (one or multiple) of the following IAB-node’s configurations:
· Multiplexing mode, 
· MT’s UL beam (e.g., SRI id), 
· (MT CC, DU cell) pair,
· DU resource configuration
· FFS: slot index
· FFS: timing mode (e.g., Case-6 timing)
 
Agreement
The desired IAB-MT’s UL PSD range, provided by an IAB-MT to its parent-node, is indicated via a new MAC-CE.
· The indication further includes the associated configurations for which the indicated PSD range is applicable.
· FFS: the range of values for the indicated PSD range and whether RAN4 input is needed. 
· FFS: IAB-MT’s behaviour in case the configured/indicated UL TX power is outside the indicated desired PSD range and whether RAN4 input is needed.


Similar to DL TX power control, UL PSD range reporting is only relevant for one mode of operation, in this case, simultaneous transmission, i.e., where an MT UL transmission may be interfered with a DU DL transmission. Even for this case, it can be argued if IAB nodes not requiring timing alignment can be expected to require power control since dual panels would, in our opinion, also imply dual TX circuitry with substantially less interference. For other cases, the PSD range fills no purpose. It can be argued that full duplex modes like MT TX/DU RX could also benefit from reporting a desired UL PSD range, but in that case, it is the maximum desirable TX power that is relevant, and the UL PSD range does not fit that purpose. 
Considering the UL PSD range reporting, it is worth noting that the existing MT UL power control is a single loop that is applied to all multiplexing modes, UL beams and resource configurations. It is not clear what the benefits would be to introduce a substantially more flexible and complex PSD reporting scheme when the actual control loop is of relatively low complexity using a single control loop. Unless such benefits are convincingly presented, RAN1 should not agree to them at this time.
[bookmark: _Toc87042509]Existing UL TX power control is independent of multiplexing mode, MT’s UL beam and DU resource configuration. Without clear benefits, a more refined and complex UL PSD reporting should not be specified.
Also related to the agreement in RAN1 #106bis-e, about what configurations to associate a UL PSD range with, and in line with existing UL TX power control, different power control can be used in different cells. However, the same DL power control can also be applied to a group of MT CC’s (for same parent link) or DU cells (for same child link) and that seems like a likely and efficient configuration for eIAB.
[bookmark: _Toc87042534]A single indication can be used for the desired UL PSD range for all combinations of MT’s UL beam and MT’s CCs or DU cells.
It was also discussed in RAN1 #106bis-e, the possible range of values for the indicated PSD. We think this matter is better served by RAN4’s expertise, and for that reason, we propose to send an LS to RAN4 asking RAN4 to specify the range of values for the UL PSD indication. 
[bookmark: _Toc87042535]Send LS to RAN4, asking RAN4 to specify the range of values for the indicated PSD range.
Another outstanding topic is related to the MT’s behavior in case the desired PSD range is not met. For the case where simultaneous operation has not been confirmed, the IAB node should stay in TDM. However, there may also be the case when the IAB node is operating in FDM and needs to change its desired PSD. That case would require a new desired PSD request and corresponding response upon which, again, the IAB node would need to fall back to TDM mode.
[bookmark: _Toc87042536]If the desired PSD range is not met, the IAB node is expected to fall back to its TDM configuration.
Finally, in RAN1 #106-bis-e, we had the following conclusion related to a possible support for new triggering conditions to send an updated PHR.
	Conclusion
RAN1 to further discuss, under 8.1.2, whether to support new triggering conditions to send an updated PHR (e.g., upon change of multiplexing mode, or applying a desired DL TX power adjustment indication from a child-node).


We do not support further discussion on the conclusion. This is because whether there is a need for sending PHR update depends on the necessary conditions/parameters for multiplexing mode adaptation, currently under discussion in A.I. 8.10.1. Without a clear understanding of the conditions for multiplexing case adaptation and given the extra signaling overhead of sending the PHR update, we do not see the need for further discussions on the conclusion. Instead, given that this is the last RAN1 meeting, it is suggested to prioritize more important aspects. 
[bookmark: _Toc87042537]Discussions on whether to support new triggering conditions to send an updated PHR is down prioritized in RAN1 meeting #107.
Conclusion
In the previous sections we made the following observations: 
Observation 1	Many NR deployments use TDD patterns with only one UL slot.
Observation 2	Co-scheduling an IAB-MT and UEs at parent IAB-nodes prevents the reception of any UE at the IAB-node in the same slot.
Observation 3	In IAB networks with a TDD pattern only offering one UL slot per cycle, a UE is not always able to provide HARQ feedback, resulting in regular and unnecessary DL retransmission.
Observation 4	In IAB networks with a TDD pattern only offering one UL slot per cycle, a UE is not always able to timely request an UL scheduling.
Observation 5	In certain TDD configurations it is not possible to operate MT transmission in UL slot without severe impact on performance of access UE.
Observation 6	If co-scheduled in UL slots, an IAB-MT may have to reduce transmit power, in turn reducing BH performance, to avoid causing interference in its own and neighboring RANs.
Observation 7	An IAB-MT transmission in DL slots can be with maximum power improving UL BH performance and allowing large ISD.
Observation 8	Using Case-6 timing for the MT’s UL eliminates the need for implementing variable transmission timing.
Observation 9	IAB-MT transmissions in DL slots can provide higher flexibility in configuring resources.
Observation 10	IAB-MT transmissions in DL slot make an IAB-node more similar to a gNB with minimum effect on UE operation.
Observation 11	Case-6 only is a valid configuration that can provide clear advantages especially for wide-area deployments and for TDD patterns with a single UL slot.
Observation 12	In Case-6 timing, the IAB-MT timing is not determined by the parent IAB-node, the TA is set by the IAB-node.
Observation 13	An MT is always aware of the N_TA equivalent to its current TA. The TA framework definitions are also well defined for the Case-6 timing configuration.
Observation 14	By agreement, the IAB-MT cannot follow TA commands, while the IAB-node is operating in Case-6 timing configuration.
Observation 15	Presently, T_delta,index is unspecified for values beyond 1199.
Observation 16	The RAN4 recommendations in Rel-16 on the T_delta range cover only cases when the parent IAB-node’s UL reception timing is strictly advanced relative to the DL transmission timing, i.e., Case-1, not Case-6.
Observation 17	Rel-16 OTA synchronization specification does not support maintaining Case-6 timing mode.
Observation 18	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 19	Changing IAB-node configuration to a Case-1 timing configuration is not a solution to maintaining the state of Case-6 timing configuration.
Observation 20	Alt 1 in the RAN1#107-e agreement to downselect an OTA timing synchronization mechanism to enable/maintain Case 6 timing mode violates a previous agreement.
Observation 21	There has not been any discussion so far on how to initialize a parent IAB-node’s UL Rx for receiving from an IAB-node operating in Case-6 timing. There must be at least one initial successful reception.
Observation 22	The parent IAB-node knows neither T_PN nor the IAB-node’s TA, unless provided with additional information.
Observation 23	For a parent IAB-node to know its child BH link propagation delay to an IAB-node to be operating in Case-6, the IAB-node can provide either its TA or its estimate of its parent BH link propagation delay.
As an alternative to signaling TA or T_PN to the parent node, the IAB-node could simply indicate to its parent node by how much the IAB-node would change its timing from its current UL Tx timing to the target UL Tx timing. The parent node can then know by how much a future UL Rx timing during Case-6 operation will differ from the parent node’s current one.
Observation 24	One of the following three alternatives can be selected to initialize a parent IAB-node’s UL Rx timing for receiving from an IAB-node operating in Case-6 timing:
The IAB-node indicates to its parent node Alt. 1: its TA, or Alt. 2: its estimate of its parent BH link propagation delay, or Alt. 3: by how much it will change its UL Tx timing from its current timing to the target timing.
Observation 25	TX power control is a trade-off between power control flexibility and signaling overhead.
Observation 26	UL PSD range indication and DL power control are introduced to support simultaneous transmission and simultaneous reception and typically, only for IAB nodes in Case-6 and Case-7 timing, respectively.
Observation 27	The parent node performing UL/DL TX power control does not necessarily know about the IAB node’s H/S/NA resource configuration and there is no mechanism for efficient indication.
Considering instead which signals and channels that are transmitted with sufficient transmit power so that a receiving IAB node would benefit from DL TX power control, only PDSCH remains. By restricting DL TX power control to PDSCH and related CSI-RS, risks are severely minimized with only marginal performance loss.
Observation 28	Existing UL TX power control is independent of multiplexing mode, MT’s UL beam and DU resource configuration. Without clear benefits, a more refined and complex UL PSD reporting should not be specified.

Based on the discussion in the previous sections we propose the following:
Proposal 1	IAB-MT transmission in IAB-DU DL configured slots is supported.
Proposal 2	Case-6 operation should be given the same principal support by specification as Case-1 or Case-7.
Proposal 3	Extend the valid T_delta,index range from (0,1…1199) to (0,1…2047).
Proposal 4	Extending the bit field of the T_delta MAC CE to 12 bits.
Proposal 5	Support Alt 2, updating the Rel-16 OTA synchronization specification to allow maintaining Case 6 timing mode in an IAB-node.
Proposal 6	Select Alt. 3: For a parent IAB-node to initialize its UL Rx timing for receiving from an IAB-node operating in Case-6 timing, the IAB-node indicates to its parent node by how much it will change its UL Tx timing from its current timing to the target timing.
Proposal 7	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 8	The signaling of the parent node Rx timing initialization value for Case-6  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 9	The signaling of TA, propagation delay or timing offset 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.
After performing Case-6 timing for some time, an IAB might need to switch from Case-6 to Case-1. We propose that the same mechanism is used for switching timing from Case-6 to Case-1 as we proposed for switching from Case-1 to Case-6. After that, the standard TA commands can be used for finetuning.
Proposal 10	For an IAB-node to initially set its UL Tx timing for transmissions after switching from a Case-6 operating to Case-1, the parent IAB-node indicates by how much it will change its UL Rx timing from its current timing to the target timing.
Proposal 11	The Case-7 timing offset has the same format as T_delta. It is FFS the number of required bits.
Proposal 12	Send LS to RAN4, asking RAN4 to specify the range of the Case-7 timing offset.
Proposal 13	Provide slot-based multiplexing configuration (TDM or FDM) information to parent node for simultaneous operation.
Proposal 14	Enhanced (UL and DL) power control is provided for symbols for which one or more of the following combinations of multiplexing mode, semi-static configuration, and dynamic indication applies:
a.	FDM-H/NA
b.	FDM-H/S where at least one RB set is not IA
c.	FDM-S/NA where at least one RB set is IA
Proposal 15	A single indication can be used for requested DL TX power control for all combinations of MT’s DL beam and multiple MT’s CCs or DU cells.
Proposal 16	A single indication can be used for responded DL TX power control for all combinations of MT’s DL beam and multiple MT’s CCs or DU cells.
In addition to power control indication, a remaining item is what cell-specific signals in addition to SSB that are exempt from DL TX power control. In order to properly function, cell-specific signals cannot be exposed to power control since that would affect cell coverage. Hence, we propose that all cell-specific signals that are treated as Hard are also exempt from DL TX power control.
Proposal 17	Cell-specific signals are exempt from DL TX power control.
Proposal 18	DL TX power adjustment is applied to PDSCH and associated CSI-RS.
Proposal 19	The IAB-DU DL TX power control range follows IAB-MT power control requirements of the IAB-node, i.e., 5 dB for wide area nodes and 10 dB for local area nodes, in increments of 1 dB, and is requested and acknowledged in relation to the CSI-RS of the TCI state.
Proposal 20	A single indication can be used for the desired UL PSD range for all combinations of MT’s UL beam and MT’s CCs or DU cells.
Proposal 21	Send LS to RAN4, asking RAN4 to specify the range of values for the indicated PSD range.
Proposal 22	If the desired PSD range is not met, the IAB node is expected to fall back to its TDM configuration.
Proposal 23	Discussions on whether to support new triggering conditions to send an updated PHR is down prioritized in RAN1 meeting #107.
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Figure 4.3.1-1: Uplink-downlink timing relation.





