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Introduction
In order to support simultaneous operation by IAB-node’s child and parent links, some enhancements such as IAB-node timing, DL/UL power control/sharing, and CLI and interference measurements were discussed. In this contribution, further views on these aspects are provided.
Enhancements for simultaneous operation
2.1 Timing cases for simultaneous operation
The following agreements have been made in RAN1#106-e on timing [1]:
	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.



Whether to enhance on T_delta for case-6 timing
For case-6 timing, the fundamental logic is that the IAB-node’s UL-Tx timing and its DL-Tx timing is aligned, the legacy TA mechanism would not be feasible for the UL transmission. As a result, UL-Rx timing at the parent node could be different between IAB-nodes and access UEs covered by the parent node. In this situation, the interference between IAB-nodes and access UEs covered by the parent node will be more serious due to UL receiving timing misalignment at the parent node side. To avoid the issue of UL-Rx timing asynchronization, IAB-nodes and access UEs covered by the parent node are proposed to be operated by TDM. This means that UEs can only work in TDMed slot with case-1 timing. In other words, if the system only works with case-6 timing, the UEs cannot work well, and the OTA alignment mechanism defined in Rel-16 is not feasible, the formula of DL_Tx timing needs to be redefined, as well as the range of T_delta. On the contrary,, if IAB-node works with case-1 timing and case-6 timing in TDMed mode, it can reuse Rel-16 mechanism to obtains DL-Tx timing according to case-1 timing, and UEs can also work properly in slot with case-1 timing.
[bookmark: _Toc13187][bookmark: _Toc3572]UEs cannot work properly if there is only case-6 timing in the system.
[bookmark: _Toc17491][bookmark: _Toc83923231]For OTA synchronization for case-6 timing, no additional standardization is required, i.e., DL-Tx timing can be obtained through case-1 timing.
Offset to achieve IAB-MT Tx timing for case-7 timing
In order to obtain IAB MT-Tx timing of case-7 timing, the method with legacy TA loop plus offset has been agreed. The range, granularity and signaling related details of the offset will be further discussed here. 
From the logical relationship of parameters, Toffset=-(TP+Tg), where, Toffset represents value of the offset, TP represents transmission propagation between parent node and IAB-node, Tg represents the time difference between legacy case-1 UL-Rx timing and DL-Tx timing at the IAB-node side, and Tg=-2*Tdelta as defined in Rel-16. In addition, if case-7 timing is negative TA, symbol level alignment should also be considered, thus, Toffset=-(TP-2*Tdelta-M*Tsymbol), where, M represents the number of OFDM symbols moved forward, Tsymbol represents the time duration of OFDM symbol. From the formula, we can see that the range of Toffset is determined by TP, Tdelta, M and Tsymbol. The range of Tdelta has been determined by Rel-16, i.e., as long as TP, M and Tsymbol is clear, we can get the range of Toffset. Here, it is assumed that the distance between parent node and the IAB node is 500 m, then, TP=3277 Tc. On the other hand, taking SCS 15kHz as an example, the duration of one OFDM symbol with normal CP (such as 160 *64 Tc) can be expressed as Tsymbol=141312 Tc. Therefore, the range of Toffset is shown in Table 1.
[bookmark: _GoBack]Table 1. Range of Toffset
	SCS [kHz]
	Min Toffset [Tc]
	Max Toffset [Tc]

	15
	-[image: ]- 2*70528 - 3277 + M*141312
	-[image: ]+ 2*6256 - 3277 + M*141312

	30
	-[image: ]- 2*35328 - 3277 + M*71168
	-[image: ]+ 2*6128 - 3277 + M*71168

	60
	-[image: ]- 2*17664 - 3277 + M*36096
	-[image: ]+ 2*6032 - 3277 + M*36096

	120
	-[image: ]- 2*8816 - 3277 + M*18560
	-[image: ]+ 2*6032 - 3277 + M*18560


For the granularity of the offset, two alternatives could be considered, the same as granularity of TA or granularity of Tdelta. We prefer a simple and direct way is its granularity and the granularity of Tdelta is consistent, i.e., the granularity for FR1 is 64 Tc, FR2 is 32 Tc.
For the signaling for the offset, similar with TA mechanism and Tdelta mechanism with MAC-CE to inform the index of the offset. Specifically, the signaling overhead of the offset can be calculated according to the range of the offset, e.g., 12 bits, then, the mapping from index to value is completed in RAN1. We tend to reuse Tdelta mapping mechanism, e.g., Toffset=Boffset+Ioffset*Goffset, where, Boffset represents benchmark of the offset, Ioffset represents index of the offset, Goffset represents granularity of the offset.
[bookmark: _Toc83923232][bookmark: _Toc14729]For the granularity, signaling and index mapping of the offset, the legacy Tdelta mechanism can be reused. About specific values, RAN4 can further participate in the evaluation.
Indication on case-7 timing at the IAB-node
Regarding the FFS whether an IAB-node is also indicated by parent node when case-7 timing is performed at the IAB-node. We think that timing mode is one of the preconditions for simultaneous multiplexing operation, and it is also good for parent node to know the accurate behavior of IAB-node. There some advantages as below if the parent node can control the timing mode switching at the IAB-node, and the specific switching event can be left to the parent node implementation: 
If the IAB-node working with case-7 is under control by parent node, it is convenient to power assignment by parent node to meet the prerequisite of case-7 timing that is the received power balance on the IAB-node side. For example, if the parent node indicates the usage of case-7 timing at the IAB-node, it also implies that the parent node would meet the desired downlink transmission power for case 7 timing. 
Another example which shows same benefits is that in order to better manage the CLI problems caused by case-7 timing and distinguish the simultaneous Rx of case-1 timing or case-7 timing, the parent node needs to indicate the timing mode of IAB-node. In addition, when different timing modes are switched, the enhanced requirements of guard symbols MAC-CE have been agreed, which requires the parent node to dominate the operation of timing mode so that the timing mode can match the provided guard symbols. Otherwise, the parent node does not know what kind of guard symbols to use. 
As discussed above, case-7 timing cannot be simply left to IAB-node's implementation, instead, the indication or switching of timing modes needs to be dominated by parent node.
[bookmark: _Toc83923233][bookmark: _Toc26220]An IAB-node is indicated by the parent node when case-7 timing should be performed at the IAB-node.
2.2 Power control/sharing for simultaneous operation
RAN1#106-e provided the following agreements on power control/sharing for simultaneous operation [1].
	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: Signalling details, including the possibility to extend PHR.



Great progress has been made in UL power control and DL power allocation in IAB network as shown in the above agreements, but there are still some FFS points to be solved, such as, signaling details, applicability of UL TX power control assistance information per multiplexing scenario/per resource, the possibility to extend PHR, etc.. This section provides some views on these aspects.
DL power allocation of parent node DU
It is agreed that the desired DL TX power adjustment is indicated by the IAB-MT to its parent node to assist with the parent node’s DL TX power allocation at least for specific time resources, and support a parent node indicating adjustment to its DL TX power (i.e. the provided DL TX power adjustment) to IAB-MT of its child node at least for specific time resources, and the desired DL TX power adjustment and the provided DL TX power adjustment can further be associated with spatial configuration. (e.g., IAB-MT’s DL RX beams)[1]. 
Regarding the desired DL TX power adjustment, it can be a power offset based on Tx power of one previous DL transmission in a specific time, or based on Tx power of DL RS(s). In practice, IAB-DU can use different beams in different times and this would lead to different RX power and DL pathloss at its IAB node. Comparing the variation of DL power between beams (e.g. DL RSs) with transmission occasions, a power offset related to Tx power of DL RS is better for the desired DL TX power adjustment. For the same reason, a power offset of the provided DL TX power from IAB to its child IAB should should be related to DL RS too. Therefore, we suggest the desired DL TX power adjustment and provided DL TX power indication should be a power offset related to Tx power of DL RS (e.g. CSI-RS).
[bookmark: _Toc18814][bookmark: _Toc1634][bookmark: _Toc83923234]The desired DL TX power adjustment and provided DL TX power indication should be a power offset related to Tx power of DL RS (i.e. beam information). 
The another issue for DL TX power control is what kind of signalling can be used to indicate desired DL TX power adjustment and the provided DL TX power adjustment.
For desired DL TX power adjustment, when to indicate it to its parent node can be up to IAB’s implementation. Based on this, indication by MAC CE is a feasible and flexible way to report this kind of information. Therefore, we propose that IAB-MT indicates the desired DL TX power adjustment by MAC CE to parent node. 
Similarly, parent node can indicate the provided DL TX power adjustment by MAC CE to the IAB-MT.
[bookmark: _Toc83923235][bookmark: _Toc3601][bookmark: _Toc23594]Both of the desired DL TX power adjustment and the provided DL TX power adjustment can be indicated by MAC CE. 
UL power control of an IAB node MT
[bookmark: _Toc28164]In case of simultaneous DU-Tx/MT-Tx at IAB node, power sharing/coordination needs to be considered, the maximum allowed Tx power for IAB-MT is limited by the maximum allowed Tx power of IAB node and DL Tx power for IAB-DU. While backhaul link and access link of IAB node are multiplexing in TDM, the maximum allowed Tx power for IAB-MT can equal to the maximum allowed Tx power of IAB node to make full use of power resources. Therefore, on the time resource for different multiplexing scenarios, IAB-MT may have different power limitation. That means UL power control assistance information of IAB-MT (i.e. desired IAB-MT PSD range) should be associated with time resource.
[bookmark: _Toc12098][bookmark: _Toc83923236]The desired IAB-MT PSD range should be reported per time resource.
Another issue for UL TX power control is whether to extend PHR. The desired IAB-MT PSD range can ensure Tx power balance of IAB-MT and IAB-DU. Parent node also needs to determine the IAB-MT UL scheduling bandwidth based on PHR indicated by IAB-MT. However, PH values may be different for different multiplexing scenarios or time resources because the maximum allowed transmission power of IAB-MT is different for different multiplexing scenarios. Therefore, we propose that PH values can be indicated by IAB-MT to the parent node per time resource.
[bookmark: _Toc83923237][bookmark: _Toc32764]PH values can be indicated by IAB-MT to the parent node per time resource.
2.3 CLI and interference measurements for simultaneous operation
In RAN1#106-e meeting, the following agreements were achieved:
	RAN1#106-e
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)
Conclusion
Discuss under 8.10.1 whether CLI measurements should be included in the beam report from a node to its parent node.


For CLI in IAB scenario, it has been agreed that for DU to DU measurement and report, no specific mechanism is specified. Regarding the left issues, we continue to discuss MT to MT CLI measurement and report in this section.
In Rel-16, for CLI of UE to UE, high layer has defined CLI report resource by CLI-ResourceConfig-r16, CLI measurement by MeasResultCLI-r16 and CLI report by ReportConfigNR. When it comes to MT to MT CLI, an IAB MT can be regarded as a UE, and the defined CLI procedure in Rel-16 can be reused for MT to MT measurement and report.
[bookmark: _Toc14949][bookmark: _Toc22351][bookmark: _Toc23942][bookmark: _Toc27490][bookmark: _Toc16903][bookmark: _Toc14611][bookmark: _Toc6151][bookmark: _Toc29886][bookmark: _Toc12455][bookmark: _Toc13887][bookmark: _Toc32612][bookmark: _Toc4833][bookmark: _Toc13233][bookmark: _Toc71712016][bookmark: _Toc26722][bookmark: _Toc27294][bookmark: _Toc12064][bookmark: _Toc12144][bookmark: _Toc29339][bookmark: _Toc26699][bookmark: _Toc32323][bookmark: _Toc5987][bookmark: _Toc17102][bookmark: _Toc22472][bookmark: _Toc83923238][bookmark: _Toc2015]Legacy UE to UE CLI procedure can be reused for MT to MT CLI measurement and report.
Conclusion
According to the discussion above, we provide the following observation and proposals:
Observation 1: UEs can not work properly if there is only case-6 timing in the system.

Proposal 1:	For OTA synchronization for case-6 timing, no additional standardization is required, i.e., DL-Tx timing can be obtained through case-1 timing.
Proposal 2:	For the granularity, signaling and index mapping of the offset, the legacy Tdelta mechanism can be reused. About specific values, RAN4 can further participate in the evaluation.
Proposal 3:	An IAB-node is indicated by the parent node when case-7 timing should be performed at the IAB-node.
Proposal 4:	The desired DL TX power adjustment and provided DL TX power indication should be a power offset related to Tx power of DL RS (i.e. beam information).
Proposal 5:	Both of the desired DL TX power adjustment and the provided DL TX power adjustment can be indicated by MAC CE.
Proposal 6:	The desired IAB-MT PSD range should be reported per time resource.
Proposal 7:	PH values can be indicated by IAB-MT to the parent node per time resource.
Proposal 8:	Legacy UE to UE CLI procedure can be reused for MT to MT CLI measurement and report.
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