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1. Introduction
This contribution provides our view on additional enhancements for simultaneous operation of IAB-node's child and parent links in the context of the Rel-17 IAB WID objectives. Specifically, it addresses potential additional timing modes, and power control.

[bookmark: _Hlk32401284][bookmark: _Hlk24102609]2. Timing modes
RAN1 #106-e agreed to the following,
	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.



	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



	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.   



The following list summarizes the remaining aspects related to the timing modes:
1. Additional details to support OTA synchronization in Case 6
2. Signalling design for the Case 7 timing offset
3. Indication of when Case 6 and Case 7 UL timing should be performed at the IAB-MT (concluded to be discussed in 8.10.1)
a. Whether an IAB-node is explicitly indicated by the parent-node when Case 7 timing is performed at the IAB-node (related to IAB-DU UL RX timing)
 
OTA synchronization in Case 6

There is a concern with operation in Case 6 timing about how the parent-node can reliably estimate and track IAB-node’s RTT and its TX timing reference accuracy. This is important to provide reliable OTA synchronization for IAB-DU’s DL TX timing. In our view, the parent-node can/should authorize using Case 1 on a sufficiently frequent set of resources, over which it can update its estimation of IAB-MT’s UL synchronization and indicate a new [legacy] TA command as needed. 
Observation 2.1: 
If Case 6 is authorized to be used by an IAB-node, the parent node can still configure the IAB-node to use Case 1 timing on a sufficiently frequent set of resources. This will allow the parent node to track IAB-MT’s UL TX timing, and its RTT estimation and provide an updated [legacy] TA command as needed. 

Regarding OTA synchronization, we further note that the following clause from 38.213 may be applicable only to the UL timing associated with Case 1.
	If an IAB-node is provided an index  in a Timing Delta MAC CE [11, TS 38.321] from a serving cell, the IAB-node may assume that  is a time difference between a DU transmission of a signal from the serving cell and a reception of the signal by the IAB-MT when , where  is obtained as for a "UE" in Clause 4.2 for the TAG containing the serving cell and  and  are determined as
-	 and , if the serving cell providing the Timing Delta MAC CE operates in FR1, 
-	 and , if the serving cell providing the Timing Delta MAC CE operates in FR2
The IAB-node may use the time difference to determine a DU transmission time.


 
More specifically, and as already agreed, there is no closed-loop UL timing control in Case 6. That is, in the above, there is no  associated with Case 6 UL timing. Hence, the above description is not applicable to Case 6 timing.
For Case 7 UL timing, it was agreed the UL timing is determined via the legacy (Case 1)  and an additional offset. To extend Timing Delta MAC CE to Case 7, one may update the  in the above formula to  to be associated with Case 7, and  to . However, there is a fixed relationship between these new parameters and the legacy (Case 1) parameters as follows  and . Therefore, instead of unnecessarily indicating a new parameter over the air, we may clarify that in the above clause and formula (in 38.3213)  and  are associated with Case 1 timing of the IAB-MT.

Proposal 2.1: 
The  in the description of Timing Delta (in 38.213) is associated with the Case 1 UL TX timing of the IAB-MT.
· Note. Timing Delta and OTA synchronization may still be supported with Case 7 timing. However, the indicated  and the  used in the corresponding formula are assumed to be associated with Case 1 timing (i.e., not depending on the Case 7 timing offset).


Case 7 timing offset

RAN1 should finalize the signalling design to indicate the offset associated with Case 7 UL TX timing.
Given this offset is not expected to change dynamically, it is desired to indicate it via MAC-CE.
For the granularity of the offset, the same granularity as the one for the legacy UL TA can be used – i.e.,  for a SCS of  kHz. 
Regarding the range of the offset, since it was agreed (in RAN1#104-e) Case 7 timing is supported with symbol level alignment without explicit support for slot level alignment, it is sufficient for the range to cover an OFDM symbol duration (including the CP). 
Assuming normal CP (with roughly 7% overhead), an OFDM symbol duration is equal to . Hence, the offset may be indicated with  (note. )

Proposal 2.2: 
An IAB-MT is indicated an offset () for Case 7 UL TX timing as follows:
· The indication is via MAC-CE.
· Offset is indicated with  granularity for a SCS of  kHz.
· The range of the offset is equal to an OFDM symbol duration (including CP).
So , wherein  is indicated via MAC-CE.


Indication of different timing cases

Although it was concluded this item should be handled in 8.10.1, we provide our views here for the completeness, and reiterate them in our companion contribution [1].

First, regarding whether an IAB-node is indicated by the parent-node when Case 7 timing is performed at the IAB-node, we note that this is related to the UL RX timing to be used at the IAB-DU. We believe IAB-DU itself should have the flexibility to decide how to set its UL RX timing, and it does not seem necessary (nor justified) for the parent-node to indicate what timing reference to be used on the next hop.

Proposal 2.3: 
An IAB-DU decides about its UL RX timing reference (e.g., whether to adopt Case 1, or Case 7) without any indication from its parent-node. 

Now it remains to discuss how an IAB-MT is indicated, by the parent-node, when to set its UL TX timing in association with any of the Case 1, Case 6, or Case 7 timing. 
Note that Case 6 UL TX timing is to facilitate an enhanced duplexing mode at the IAB-node which is primarily for (MT TX, DU TX), while it can also be used for (MT TX, DU RX). However, Case 7 UL TX timing is to facilitate an enhanced duplexing mode at the parent-node, which is (parent IAB-MT RX, parent IAB-DU RX).
Therefore, at least Case 7 UL TX timing cannot be directly associated with a multiplexing mode of the IAB-node, and IAB-node cannot map it to a subset of its time resources. As a result, it should be explicitly indicated which time resources are associated with Case 7 UL TX timing. 
On the other hand, Case 6 can be associated with a multiplexing mode of the IAB-node, and IAB-node may be able to map it to a subset of its time resources (without any explicit indication). However, it is desired to have a unified design.

Observation 2.2: 
An IAB-MT’s Case 6 UL TX timing is to facilitate enhanced duplexing at the IAB-node, while IAB-MT’s Case 7 UL TX timing is to facilitate enhanced duplexing at the parent-node. 
An IAB-node cannot map Case 7 UL TX timing (of IAB-MT) to any subset of its time resources, without explicit indication from the parent-node.
It is desired to have a unified design for indication of different UL TX timing cases.

Regarding the details of the signaling design, we propose the following.
The IAB-MT is explicitly indicated a mapping between its time resources (with slot-level granularity) to one of {Case 1, Case 6, Case 7}. Then, IAB-MT is expected to adjust its UL TX timing for all UL transmissions within a slot with respect to the associated/indicated timing case.
We also note that the indication received from a serving cell will also be applicable to all other serving cells in the same TAG. 

Proposal 2.4: 
An IAB-MT is provided with Timing Case Indication that explicitly indicates a list of slots and their associated UL TX timing cases (i.e., one of {Case 1, Case 6, Case 7} for each slot). 
Timing Case Indication is provided via MAC-CE.

Proposal 2.5:
Timing Case Indication received from a serving cell is applicable to all other cells in the same timing advance group (TAG).

There is still one aspect which is missing – that is how does the parent-node determine whether the IAB-node needs/desires Case 6 UL TX timing? This is essentially similar to other assistance information that may be provided by the IAB-MT to the parent-node such as: desired guard symbols, desired UL PSD range, desired DL TX power adjustment, recommended/not-preferred MT’s beams, etc.

We note that whether an IAB-node really needs Case 6 timing may be dependent on different factors – for example, it may be needed:
· For some specific MT CC(s), or for some specific pair(s) of (MT CC, DU cell) when there is simultaneous communication on the MT CC and DU cell.
· For some specific multiplexing mode(s): (MT TX, DU TX) and/or (MT TX, DU RX)
· For some specific MT TX beam(s)
· Whether simultaneous MT’s TX and DU’s communications are FDMed or not (i.e., being [partially] overlapping).

Observation 2.3: 
An IAB-MT’s need for Case 6 UL TX timing may depend on:
· MT CC, and/or (MT CC, DU cell) pair
· IAB-node’s multiplexing mode: (MT TX, DU TX) and/or (MT TX, DU RX)
· MT’s TX beam
· Whether MT’s TX is FDMed with DU’s communications or overlaps in the frequency domain.

While, ideally, indication of desired Case 6 timing can be associated with any combination of the above factors, we propose the following to balance the signalling overhead. 

Proposal 2.6:
IAB-MT indicates, to its parent-node, whether it desires Case 6 UL TX timing, for a given MT CC, to facilitate simultaneous IAB-MT’s TX and IAB-DU’s TX and/or RX. 
· FFS: whether this indication can further be beam specific.
· FFS: whether this indication can further depend on whether IAB-MT’s TX is FDMed with IAB-DU’s communications or not.

3. Power control
RAN1 #106-e agreed to the following,
	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.



	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: signaling details, including the possibility to extend PHR.



The following list summarizes the remaining aspects related to the power control:
1. Signalling design for indication of the desired parent-node’s DL TX power adjustment (from IAB-MT to parent-node) 
2. Signalling design for indication of the desired IAB-MT’s UL PSD range (from IAB-MT to parent-node)
3. Signalling design for indication of the DL TX power adjustment (from parent-node to IAB-MT)

Signalling of the desired UL/DL TX power 

The indication of desired parent-node’s DL TX adjustment and IAB-MT’s UL PSD range is to facilitate different multiplexing modes at the IAB-node.
Observation 3.1:
Indication of the desired parent-node’s DL TX power adjustment is to facilitate simultaneous IAB-MT’s RX and IAB-DU’s RX and/or TX communications. 
Indication of the IAB-MT’s desired UL PSD range is to facilitate simultaneous IAB-MT’s TX and IAB-DU’s TX and/or RX communications. 

The indication of the desired parent-node’s DL TX power adjustment should support both positive and negative values to address potential issues regarding interference and/or RX power imbalance at the IAB-node.

Proposal 3.1:
The indication of the desired parent-node’s DL TX power adjustment, provided by the IAB-MT to its parent-node, should support both negative and positive values.

Note that it is already agreed the desired parent-node’s DL TX power adjustment indication is at least for some specific time resources. The question is that when the IAB-MT provides this indication, does it also signal an explicit set of associated time resources? Or can it be associated with IAB-node’s multiplexing modes?
Signalling an explicit set of time resources provides more flexibility at the cost of more signalling overhead. Alternatively, and assuming the parent-node knows about the IAB-DU cells’ resource configurations (Rel-16 time-domain, and Rel-17 frequency-domain HSNA and TDD configurations), IAB-MT may simply associate its indications to its multiplexing modes of operation. 

The desired parent-node’s DL TX power adjustment may depend on any of the following factors:
· MT’s CC and/or (MT CC, DU cell) pair with simultaneous communications
· MT’s RX beam (this is already agreed)
· Multiplexing mode of the IAB-node: (MT RX, DU RX) and/or (MT RX, DU TX)
· Whether the concurrent MT’s RX and DU’s communications are FDMed or not (i.e., being [partially] overlapping in the frequency domain)

Proposal 3.2:
The desired parent-node’s DL TX power adjustment, indicated by the IAB-MT to its parent-node, can be provided for:
· A specific multiplexing mode – i.e., (MT RX, DU RX) and/or (MT RX, DU TX)
· Specific MT’s DL RX beam(s) – e.g., TCI state(s)
· A given (MT CC, DU cell) pair
· The cases where concurrent MT’s DL and DU’s UL or DL are FDMed or overlap in the frequency domain. 
The indication is provided via MAC-CE.

The desired MT’s UL TX PSD range may also depend on any of the following factors:
· MT’s CC and/or (MT CC, DU cell) pair with simultaneous communications
· MT’s TX beam
· Multiplexing mode of the IAB-node: (MT TX, DU TX) and/or (MT TX, DU RX)
· Whether the concurrent MT’s TX and DU’s communications are FDMed or not (i.e., being [partially] overlapping in the frequency domain)
· The total MT’s TX power (i.e., it may further depend on the transmission bandwidth) – e.g., to address TX power imbalance and/or TX power sharing concerns. 

Proposal 3.3:
The desired MT’s UL PSD range, indicated by the IAB-MT to its parent-node, can be provided for:
· A specific multiplexing mode – i.e., (MT TX, DU TX) and/or (MT TX, DU RX)
· Specific MT’s UL TX beam(s) – e.g., SRI(s)
· A given (MT CC, DU cell) pair
· The cases where the concurrent MT’s UL and DU’s DL or UL are FDMed or overlap in the frequency domain. 
· A reference MT’s TX bandwidth.
The indication is provided via a new MAC-CE.

Signalling of the parent-node’s DL TX power adjustment

The first question is whether this indication is provided dynamically (e.g., via a DCI), or semi-statically (e.g., via MAC-CE). We note that dynamic indication of DL TX power adjustment (e.g., via a DCI) incurs more overhead and latency, compared to an alternative design in which DL TX power adjustment for a set of upcoming time resources is provided in advance (e.g., via MAC-CE).
The next question is whether the indication of DL TX power adjustment is associated with an explicitly indicated set of time resources, or a set of configurations (such as multiplexing modes, MT DL RX beams, etc.). In what follows, we argue the former may be a better option. 
The explicit indication of time resources for which DL TX power adjustment is provided:
· Gives the parent-node more flexibility in setting its DL TX power (especially considering the impact on the other child-nodes of the parent-node)
· Allows the parent-node to adjust its DL TX power, not necessarily because of a request from the IAB-node, but e.g., to address its own limitations (such as interference, or power imbalance) when the parent-node simultaneously communicates with the IAB-node and its own parent. 
·  May provide more efficient and simpler signalling compared to the case where different power adjustment values are provided for various combinations of (IAB-node’s multiplexing mode, MT RX beam, whether MT’s RX and DU’s communications are FDMed or not, MT’s DL BW, etc.)

Observation 3.2:
Explicit indication of time resources for which DL TX power adjustment is provided results in a more flexible, efficient, and simpler signaling design. 

Proposal 3.4:
The parent-node indicates the amount of its DL TX power adjustment for a set of explicitly indicated time resources.
· The granularity of time resource indication is at slot level.
· The indication is via MAC-CE.

We should note that the dynamic adjustment of TX power of SSB and CSI-RS is not desired, and may indeed be against the legacy specification, since it can cause issues with the IAB-MTs’ and UEs’ measurements. 
Also, there may be some limitations for PDCCH TX power adjustment, because:
· For link recovery, the ratio of the PDCCH EPRE to NZP CSI-R EPRE is assumed to be 0 dB.
Therefore, the indicated DL TX power adjustment may be only applicable to PDSCH (and its associated DMRS and PTRS) within the indicated time resources. 

Observation 3.3:
Dynamic adjustment of SSB and CSI-RS TX power may be prohibited, or not desired.
There may also be limitations for dynamic adjustment of PDCCH TX power with respect to the link recovery procedure.

Proposal 3.5:
The indication of DL TX power adjustment, by the parent-node to the IAB-MT, is applicable only to PDSCH (and its associated DMRS, and PTRS).
· FFS: applicability to PDCCH.


Conclusion
This contribution provided our view on additional enhancements for simultaneous operation of IAB-node's child and parent links. The following observations and proposals were made:

Timing modes
Observation 2.1: 
If Case 6 is authorized to be used by an IAB-node, the parent node can still configure the IAB-node to use Case 1 timing on a sufficiently frequent set of resources. This will allow the parent node to track IAB-MT’s UL TX timing, and its RTT estimation and provide an updated [legacy] TA command as needed. 

Proposal 2.1: 
The  in the description of Timing Delta (in 38.213) is associated with the Case 1 UL TX timing of the IAB-MT.
· Note. Timing Delta and OTA synchronization may still be supported with Case 7 timing. However, the indicated  and the  used in the corresponding formula are assumed to be associated with Case 1 timing (i.e., not depending on the Case 7 timing offset).




Proposal 2.2: 
An IAB-MT is indicated an offset () for Case 7 UL TX timing as follows:
· The indication is via MAC-CE.
· Offset is indicated with  granularity for a SCS of  kHz.
· The range of the offset is equal to an OFDM symbol duration (including CP).
So , wherein  is indicated via MAC-CE.

Proposal 2.3: 
An IAB-DU decides about its UL RX timing reference (e.g., whether to adopt Case 1, or Case 7) without any indication from its parent-node. 

Observation 2.2: 
An IAB-MT’s Case 6 UL TX timing is to facilitate enhanced duplexing at the IAB-node, while IAB-MT’s Case 7 UL TX timing is to facilitate enhanced duplexing at the parent-node. 
An IAB-node cannot map Case 7 UL TX timing (of IAB-MT) to any subset of its time resources, without explicit indication from the parent-node.
It is desired to have a unified design for indication of different UL TX timing cases.

Proposal 2.4: 
An IAB-MT is provided with Timing Case Indication that explicitly indicates a list of slots and their associated UL TX timing cases (i.e., one of {Case 1, Case 6, Case 7} for each slot). 
Timing Case Indication is provided via MAC-CE.

Proposal 2.5:
Timing Case Indication received from a serving cell is applicable to all other cells in the same timing advance group (TAG).

Observation 2.3: 
An IAB-MT’s need for Case 6 UL TX timing may depend on:
· MT CC, and/or (MT CC, DU cell) pair
· IAB-node’s multiplexing mode: (MT TX, DU TX) and/or (MT TX, DU RX)
· MT’s TX beam
· Whether MT’s TX is FDMed with DU’s communications or overlaps in the frequency domain.

Proposal 2.6:
IAB-MT indicates, to its parent-node, whether it desires Case 6 UL TX timing, for a given MT CC, to facilitate simultaneous IAB-MT’s TX and IAB-DU’s TX and/or RX. 
· FFS: whether this indication can further be beam specific.
· FFS: whether this indication can further depend on whether IAB-MT’s TX is FDMed with IAB-DU’s communications or not.

Power control

Observation 3.1:
Indication of the desired parent-node’s DL TX power adjustment is to facilitate simultaneous IAB-MT’s RX and IAB-DU’s RX and/or TX communications. 
Indication of the IAB-MT’s desired UL PSD range is to facilitate simultaneous IAB-MT’s TX and IAB-DU’s TX and/or RX communications. 

Proposal 3.1:
The indication of the desired parent-node’s DL TX power adjustment, provided by the IAB-MT to its parent-node, should support both negative and positive values.

Proposal 3.2:
The desired parent-node’s DL TX power adjustment, indicated by the IAB-MT to its parent-node, can be provided for:
· A specific multiplexing mode – i.e., (MT RX, DU RX) and/or (MT RX, DU TX)
· Specific MT’s DL RX beam(s) – e.g., TCI state(s)
· A given (MT CC, DU cell) pair
· The cases where concurrent MT’s DL and DU’s UL or DL are FDMed or overlap in the frequency domain. 
The indication is provided via MAC-CE.

Proposal 3.3:
The desired MT’s UL PSD range, indicated by the IAB-MT to its parent-node, can be provided for:
· A specific multiplexing mode – i.e., (MT TX, DU TX) and/or (MT TX, DU RX)
· Specific MT’s UL TX beam(s) – e.g., SRI(s)
· A given (MT CC, DU cell) pair
· The cases where the concurrent MT’s UL and DU’s DL or UL are FDMed or overlap in the frequency domain. 
· A reference MT’s TX bandwidth.
The indication is provided via a new MAC-CE.

Observation 3.2:
Explicit indication of time resources for which DL TX power adjustment is provided results in a more flexible, efficient, and simpler signaling design. 




Proposal 3.4:
The parent-node indicates the amount of its DL TX power adjustment for a set of explicitly indicated time resources.
· The granularity of time resource indication is at slot level.
· The indication is via MAC-CE.
Observation 3.3:
Dynamic adjustment of SSB and CSI-RS TX power may be prohibited, or not desired.
There may also be limitations for dynamic adjustment of PDCCH TX power with respect to the link recovery procedure.

Proposal 3.5:
The indication of DL TX power adjustment, by the parent-node to the IAB-MT, is applicable only to PDSCH (and its associated DMRS, and PTRS).
· FFS: applicability to PDCCH.
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