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Introduction
This paper provides a summary of agenda item 7.2.3.3 on potential mechanisms and enhancements for IAB nodes to align their DL Tx timing (referred as “case-1” timing alignment), based on the companies’ views expressed in the contributions submitted to RAN1 #98bis [1]~[10], as well as the offline discussion during RAN1 #98bis, and provides the further observations/proposals for online discussion.
Observations and proposals in this paper are primarily related to the following WID objectives:
· Specification of mechanism to support the “case-1” OTA timing alignment.
“Case-1” OTA timing alignment
Based on submitted contributions, some commonly-interested and/or necessary-to-discuss issues are listed below. 
	Remaining issues in DL-Tx timing derivation
	Issue #1: Selection between Opt-A and Opt-B left from RAN1 #98
Issue #2: Signaling for T_delta (MAC CE vs. RRC)

	DL-Tx timing accuracy
	Issue #3: Whether and (if yes) how to define DL-Tx timing accuracy measure of an IAB node?  

	Timing with multi-parents
	Issue #4:  From timing synchronization perspective, are there any RAN1 tasks relating to multi-parent (i.e., route selection and route redundancy)?  



Accordingly, the companies’ views are categorized as following. 

Issue #1: Selection between Opt-A and Opt-B left from RAN1 #98.
The corresponding companies’ views listed in table below are summarized as following:
· Five company contributions do not support at least one of two characteristics (T_delta is given by target T_delta signaling and TA is the averaged TA) in Opt-B, including contributions from Huawei/HiSi (Proposal 1: TA is the current TA), ZTE/Sanechips (Proposal 1: not to rely on TA averaging), Nokia/NSB (Proposal 2: take Opt-A as basis), NTT DOCOMO (Proposal 1: TA is the latest TA value, TA averaging with DL-Rx timing is implementation issue) and Ericsson (Observation 2: Signaled T_delta should be actual T_delta).   
· One company (LGE, Proposal 2) prefers to TA averaging.    
It is proposed to follow the majority view, i.e., at least Opt-B left from RAN1 #98 is not taken as basis for further case-1 timing considerations in RAN1. 
Meanwhile, during the RAN1 email discussion on IAB case-1 timing after RAN1 #98, the majority companies do not show concerns on the assumption of using “actual value” for T_delta (Ref [10]), even though RAN1 specification may not restrict T_delta to take “actual value” only.    
In the first offline session, LGE suggests to consider an alternative to current Opt-B, which can be described as: 
For the TA and T_delta in (TA/2+T_delta),
Opt-B: T_delta is the filtered/averaged values collected from a series of time intervals between DL-Tx and UL-Rx, and TA is an average of timing advance intervals (e.g., TA1, TA2, TA3…) updated by a series of TA commands, where the averaging for T_delta and averaging for TA are independent. 

With above new Opt-B, some key comments in the first offline session are summarized as below. 
Comments in favor of Opt-A or against Opt-B: 
· In Opt-A, the one-way propagation delay estimation accuracy is relating to T_delta granularity (instead of larger TA granularity) if instantaneous T_delta can be sent to match the instantaneous TA interval. There seems no evidence to show the one-way delay estimation error in Opt-B can be as small as in Opt-A. 
· Given RAN1 agreed T_delta reception triggers DL-Tx timing adjustment (and RAN1 does not agree yet the TA command reception can do the same), it is not necessary for parent node to send T_delta as frequently as TA, which is the main problem for Opt-B to solve. Even if TA command is agreed later to be able to trigger DL-Tx timing adjustment and T_delta is sent less frequently than TA, the DL-Tx timing error in Opt-A is relating to TA granularity, which seems comparable to one-way delay estimation error in Opt-B. So what can be achieved in Opt-B can be also achievable in Opt-A.   
· [bookmark: _GoBack]Opt-A works for both fixed IAB scenario and mobile IAB scenario, even though Rel-16 IAB only targets to fixed IAB scenario.  Opt-B may not be applicable to mobile relay case. 
Comments in favor of (new) Opt-B or against Opt-A:
· Opt-B is proposed because Opt-A may end up with sending T_delta very frequently (as frequently as TA).
· It is assumed that average(TA/2)+average(T_delta) = average(TA/2+T_delta), where average(TA/2+T_delta) is commonly recognized to be applicable to Opt-A as well. 
· Rel-16 IAB is for fixed relay scenario, so Opt-B is sufficient for Rel-16 IAB. 

Tentative proposal: Between Opt-A and Opt-B, Opt-A is chosen as the basis for the definition of IAB synchronization, with the assumption of using preferably the “actual value” for T_delta. 

	Company
(TDoc #)
	Views, observations and proposals

	Huawei, HiSi.
(R1-1910052)
	Proposal 1: An IAB node can assume the propagation delay between the parent node and the IAB node MT is (TA/2+T_delta), where T_delta is the given by the latest T_delta signaling and TA is the current TA maintained at the IAB node MT.


	ZTE, Sanechips
(R1-1910295)
	Proposal 1: Do not estimate one-way propagation delay based on TA averaging.

	LG Electronics
(R1-1910579)
	Proposal 2: In order to minimize timing error, DL Tx timing at child node is determined based on the average estimate of TA and T_delta.

	Ericsson
(R1-1910903)
	Observation 1	The parent node should signal T_delta such that an IAB-node, with TA reflecting the offset between its ULTx and its DLRx, can assume that TA/2 + T_delta corresponds to the propagation delay between parent and IAB-node.
Observation 2	T_delta as signalled by the parent node should be the actual T_delta.

	Qualcomm
(R1-1911103)
	Proposal 1:
Consistent values of NTA and T_delta need to be made available to a child node in the context of the computation of the DL Tx timing from OTA synchronization.


	NTT DoCoMo
(R1-1911167)
	Proposal 1: The latest TA and T_delta should be used for the calculation of (TA/2 + T_delta), and whether averaging TA with considering DL Rx timing at MT for every TAC timing or not is left for implementation.

	Nokia, NSB
(R1-1911195)
	Observation 2: For Opt-A with “actual value” of T_delta, receiving TA command and T_delta together can enable accurate (TA/2 + T_delta) calculations at the IAB node. 
Observation 3: For Opt-A with “actual value” of T_delta, receiving TA command and T_delta separately may not always provide accurate (TA/2 + T_delta) calculations at the IAB node. However, the IAB DU will be aware of which (TA/2 + T_delta) calculation are incorrect and can still provide DL timing alignment with the parent. 
Observation 4: The proposed averaging of TA values would cause several issues with Opt-B using the “target value” of T_delta. Opt-A using “target value” of T_delta would have the same issues as in Opt-B.
Proposal 2: It is proposed to take Opt-A, using preferably the “actual value” of T_delta, as the basis for the definition of IAB synchronization.



Issue #2: Signaling for T_delta (MAC CE vs. RRC)
According to the email discussion after RAN1 #98 and, the contributions submitted to RAN1 #98bis and offline discussion in RAN1 #98bis, the companies’ views are summarized as following. 
· Supporting MAC-CE: ZTE/Sanechips, Intel (conditioned on unchanged TA granularity), NTT DOCOMO, Samsung, Nokia/NSB (1st preference), Qualcomm (2nd preference)
 Supporting RRC: LGE, Ericsson, 
· Supporting decision to be made in RAN2: Nokia/NSB (2nd preference), Qualcomm (1st preference), 
Tentative Proposal:  For the signalling to carry T_delta, RAN1 makes the decision in RAN1 #98bis, based on following motivations, among using MAC-CE, using RRC and leaving decision to RAN2. 
· Motivations for MAC-CE: Allow the capability of sending T_delta as frequently as sending TA to keep the error in one-way propagation delay estimation as small as possible, regardless of channel condition and IAB node mobility. 
· Motivations for RRC: The time offset between DL-Tx and UL-Rx at parent node is relatively stable given Rel-16 IAB nodes are assumed to be stationary. 
· Motivations for leaving decision to RAN2: 
· Reliability/security-related comparison between MAC-CE and RRC is in RAN2 scope. 
· Whether there should be a timer to drive T_delta signalling, and if yes, whether the timer should be in MAC layer or RRC layer are in RAN2 scope.    
	Company
(TDoc #)
	Observations and proposals

	ZTE, Sanechips
(R1-1910295)
	Proposal 3: To use MAC-CE to deliver T_delta. 


	LG Electronics
(R1-1910579)
	Proposal 1: Use RRC signaling to carry T_delta. 

	Intel
(R1-1910647)
	Proposal 1: If possible, increasing TA granularity to be the same as. 
Proposal 2: If TA granularity cannot be changed, Scheme 1/Opt-A with MAC-CE  signaling is preferred. 

	Ericsson 
(R1-1910903)
	 
Observation 3	T_delta will likely not change frequently, and its signalling can have reduced delay requirements, compared to uplink timing advance control, in stationary IAB scenarios.

Proposal 1	Any signalling specification of T_delta should provide the reliability needed to ensure that errors in T_delta reception will not have a significant impact on the propagation-time estimation.
Proposal 2	T_delta should be provided by means of RRC signaling.


	NTT DoCoMo
(R1-1911167)
	Proposal 2: MAC CE is used for signalling of T_delta.


	Nokia, NSB
(R1-1911195)
	Observation 5: Usage of RRC for Opt-A would involve all IAB nodes in the IAB chain up to IAB-donor. Consistency with TA and T_delta may be difficult to guarantee.
Observation 6: The decision of the protocol layer to be used for T_delta signaling is beyond the scope of RAN1.



Issue #3: Whether and (if yes) how to define DL-Tx timing accuracy measure of an IAB node?  
Three company contributions (from ZTE/Sanechips, Qualcomm and NTT DOCOMO) propose certain DL-Tx timing synchronization reliability/quality indications that are in different formulations as following: 
· DL-Tx timing error range (ZTE/Sanechips)
· A more general quality measure (Qualcomm)
· Hop order between the IAB node and its nearest ancestor node equipped with GNSS (NTT DOCOMO). Note that NTT DOCOMO proposes this hop order measure only for multi-parent scenario; however, this measure seems also applicable to single parent case. 
Tentative Proposal: From RAN1 perspective, it is supported (or recommended?) for each IAB/donor node to signal an accuracy (or quality) measure for its DL-Tx timing synchronization.
· FFS the details of such a metric, including a concrete definition (e.g., error range, hop order to GNSS-equipped node, etc) , signaling details and etc.  
It turns out in RAN1 #98bis offline discussion that there are at least four companies having concerns for defining such accuracy/quality measure. So the offline conclusion is that:
From RAN1 perspective, Rel-16 NR IAB does not define accuracy/quality measure for IAB node DL-Tx timing. 
	Company
(TDoc #)
	Observations and proposals

	ZTE, Sanechips
(R1-1910295)
	Proposal 4: Each donor/IAB node indicates to its child nodes the error range of its DL-Tx timing.
· The DL-Tx timing error range is defined as range of error relative to a reference timing that is shared by all nodes under a donor node, including the donor, where the reference timing does not have to be explicitly defined. 
· This DL-Tx timing error range is carried in either RRC or IAB-specific SIB IE, with choice up to RAN2. 
· The number of signaling bits and the maximum error range can be left to RAN2. 
· How the donor/IAB node derives its DL-Tx timing error range is implementation issue. 

	Qualcomm
(R1-1911103)
	Proposal 3:
An IAB node provides to its child nodes an indication of quality  of its synchronization.
FFS the range, values, and update / communication frequency of .

	NTT DoCoMo
(R1-1911167)
	Proposal 4: For the IAB-node having multiple parent nodes, each parent node can indicate its hop order from a node having accurate synchronization source.



Issue #4: Potential timing functionalities in RAN1 scope for multi-parent scenario.
Three company paper (from Huawei/HiSi, ZTE/Sanechips, Qualcomm) discuss how to determine the DL-Tx timing in the context of multiple parents. All three companies focus on a principle of averaging multiple DL-Tx timing candidates, i.e., DT = , where the i-th DL Tx timing (DTi) is derived corresponding to each parent, and wi is the corresponding averaging weight.   
While all the three contributions agree the information of DTi are available at IAB node, they differ from each other in the assumption of where the averaging weights wi are available and therefore lead to different solution. 
· Solution-1 (Huawei/HiSi): The weights are available at donor node but not IAB node. The solution is highlighted as following (Note: the solution in R1-1910052 is described in context of route switching). For a specific parent node k (e.g., the new parent in route switching case),
· The parent node k sends to donor the estimated one-way propagation delay to IAB node, which is the estimation of , where  is the DL Rx timing at IAB node corresponding to parent node k. 
· The IAB node sends to donor  for all parent nodes with . 
· The donor node determines the normalized averaging weights wi and sends to parent node k the averaged value of . 
· The parent node k assumes  as the one-way propagation delay that should be derived by IAB node, so it derives and delivers T_delta based on  and TA. 
· Solution-2 (Qualcomm, ZTE/Sanechips): The weights are determined at IAB node. DTi are derived separately based on the DL-Tx timing scheme assuming the single synchronization source. How the weights are derived and how the weighted averaging is done are up to implementation. 
The solution-1 seems to contain following steps that RAN1 did not take in single-parent solution. 
· The parent node k needs to measure the propagation delay to the child node. 
· The parent node k needs to know the TA offset interval between DL-Rx and UL-Tx at IAB node.    
To keep single parent solution and multi-parent solution consistent and to minimize the signaling protocol complexity, it is proposed to consider following.  
Tentative proposal: 
An IAB node with multiple parents treats each parent as a separate synchronization source. The IAB node can also treat GNSS (if used) as a separate synchronization source. 
· It is up to implementation how an IAB node determines its DL-Tx timing from multiple tentative DL-Tx timing, each of which is derived based on one synchronization source. 
· Note: whether to define a DL-Tx timing accuracy metric for the above procedure is in separate discussion.  
In above tentative proposal, the “Note” bullet is removed due to the offline conclusion for Issue #3. 
	Company
(TDoc #)
	Observations and proposals

	Huawei, HiSi.
(R1-1910052)
	Observation 1: The DL TX synchronization error can be mitigated by taking a weighted average of the DL TX timing of multiple parent nodes.
Observation 2: The synchronization accuracy of the parent nodes is difficult to measure and signaled, which makes the error averaging difficult to implement at an IAB node.
Proposal 3: In case of route switching, to enable synchronization error averaging among multiple parent nodes, the following procedure can be adopted:
1) The IAB node reports the offset between the DL TX timing from the old parent node and DL RX timing from the new parent node () to the donor node
2) The parent node reports the estimated propagation delay ()  to the donor node
3) The donor node implements the error averaging, and sends the averaged offset to the parent node
4) The parent node calculate T_delta according to the averaged offset and TA value

	ZTE, Sanechips
(R1-1910295)
	Observation 1:  How IAB node determines its DL-Tx timing in a multi-parent scenario can be an implementation issue without specification impact. Meanwhile, it is helpful for the parent nodes to signal their DL-Tx timing error ranges.

	Qualcomm
(R1-1911103)
	Observation 2:
Whether or not other synchronization sources in addition to OTA synchronization are available at a given IAB node is an implementation decision. In this context the important point from an IAB design perspective is to ensure that the use of additional synchronization sources is not precluded.

Proposal 2:
An IAB node with multiple synchronization sources computes its timing and frequency estimates as a weighted average of the estimates provided by each source:
 ,
 ,
where:
·  is the timing estimate derived from source ,
·  is the frequency estimate derived from source ,
·  is a weighting factor for the timing estimate derived from source ,
·  is a weighting factor for the frequency estimate derived from source j.
The weighting factors are up to the implementation.
Proposal 4:
An IAB node with multiple parents treats each parent as a separate OTA synchronization source.

	NTT DoCoMo
(R1-1911167)
	Proposal 4: For the IAB-node having multiple parent nodes, each parent node can indicate its hop order from a node having accurate synchronization source.





Offline conclusions
Based on the offline discussion, the following proposals are provided to online session for official agreements:

Offline conclusion: 
From RAN1 perspective, Rel-16 NR IAB does not define accuracy/quality measure for IAB node DL-Tx timing.

Offline agreement:
An IAB node with multiple parents treats each parent as a separate synchronization source. The IAB node can also treat GNSS (if used) as a separate synchronization source. 
· It is up to implementation how an IAB node determines its DL-Tx timing from multiple tentative DL-Tx timing, each of which is derived based on one synchronization source. 

The following proposal does not reach group consensus, though the majority view could be observed. 
Offline proposal: 
Between Opt-A and Opt-B, Opt-A is chosen as the basis for the definition of IAB synchronization. 

For the following proposal, the companies’ positions are collected (MAC-CE: 8; RRC: 2; Decision by RAN2: 3), but there is no enough time in the first offline session to further discuss them. 
Offline proposal: 
For the signalling to carry T_delta, RAN1 makes the decision in RAN1 #98bis, based on following motivations, among using MAC-CE, using RRC and leaving decision to RAN2. 
· Motivations for MAC-CE: Allow the capability of sending T_delta as frequently as sending TA to keep the error in one-way propagation delay estimation as small as possible, regardless of channel condition and IAB node mobility. 
· Motivations for RRC: The time offset between DL-Tx and UL-Rx at parent node is relatively stable given Rel-16 IAB nodes are assumed to be stationary. 
· Motivations for leaving decision to RAN2: 
· Reliability/security-related comparison between MAC-CE and RRC is in RAN2 scope. 
· Whether there should be a timer to drive T_delta signalling, and if yes, whether the timer should be in MAC layer or RRC layer are in RAN2 scope.    
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Annex A. Observations/proposals from contributions
	Company
(TDoc #)
	Observations and proposals

	Huawei, HiSi.
(R1-1910052)
	Observation 1: The DL TX synchronization error can be mitigated by taking a weighted average of the DL TX timing of multiple parent nodes.
Observation 2: The synchronization accuracy of the parent nodes is difficult to measure and signaled, which makes the error averaging difficult to implement at an IAB node.
Proposal 1: An IAB node can assume the propagation delay between the parent node and the IAB node MT is (TA/2+T_delta), where T_delta is the given by the latest T_delta signaling and TA is the current TA maintained at the IAB node MT.
Proposal 2: For DL TX timing update, the maximum and minimum steps of timing adjustment should be specified by RAN4.
Proposal 3: In case of route switching, to enable synchronization error averaging among multiple parent nodes, the following procedure can be adopted:
1) The IAB node reports the offset between the DL TX timing from the old parent node and DL RX timing from the new parent node () to the donor node
2) The parent node reports the estimated propagation delay ()  to the donor node
3) The donor node implements the error averaging, and sends the averaged offset to the parent node
4) The parent node calculate T_delta according to the averaged offset and TA value

	ZTE, Sanechips
(R1-1910295)
	 Proposal 1: Do not estimate one-way propagation delay based on TA averaging.
Proposal 2:  Besides T_delta reception, IAB node can be configured to additionally use TA command reception to trigger one-way propagation delay estimation. 
Proposal 3: To use MAC-CE to deliver T_delta. 
Proposal 4: Each donor/IAB node indicates to its child nodes the error range of its DL-Tx timing.
· The DL-Tx timing error range is defined as range of error relative to a reference timing that is shared by all nodes under a donor node, including the donor, where the reference timing does not have to be explicitly defined. 
· This DL-Tx timing error range is carried in either RRC or IAB-specific SIB IE, with choice up to RAN2. 
· The number of signaling bits and the maximum error range can be left to RAN2. 
· How the donor/IAB node derives its DL-Tx timing error range is implementation issue. 
Observation 1:  How IAB node determines its DL-Tx timing in a multi-parent scenario can be an implementation issue without specification impact. Meanwhile, it is helpful for the parent nodes to signal their DL-Tx timing error ranges.

	Samsung
(R1-1910467)
	Observation 1: A time window for application of updated T_delta may be fixed or determined taking into account some requirements which should be defined in RAN4.

	LG Electronics
(R1-1910579)
	Proposal 1: Use RRC signaling to carry T_delta. 
Proposal 2: In order to minimize timing error, DL Tx timing at child node is determined based on the average estimate of TA and T_delta. 

	Intel
(R1-1910647)
	Observation 1: The  change will not trigger the DL-TX timing setting  to change. 
Proposal 1: If possible, increasing TA granularity to be the same as. 
Proposal 2: If TA granularity cannot be changed, Scheme 1/Opt-A with MAC-CE  signaling is preferred. 
Proposal 3: When to adjust the DL TX timing at an IAB node can be left to implementation.  

	Ericsson 
(R1-1910903)
	 
Observation 1	The parent node should signal T_delta such that an IAB-node, with TA reflecting the offset between its ULTx and its DLRx, can assume that TA/2 + T_delta corresponds to the propagation delay between parent and IAB-node.
Observation 2	T_delta as signalled by the parent node should be the actual T_delta.
Observation 3	T_delta will likely not change frequently, and its signalling can have reduced delay requirements, compared to uplink timing advance control, in stationary IAB scenarios.

Proposal 1	Any signalling specification of T_delta should provide the reliability needed to ensure that errors in T_delta reception will not have a significant impact on the propagation-time estimation.
Proposal 2	T_delta should be provided by means of RRC signaling.


	Qualcomm
(R1-1911103)
	Observation 1:
It is up to the IAB node implementation to determine when to update its actual timing and frequency based on newly available values of TA and T_delta, as the node is responsible to meet synchronization requirements and it can decide when to update timing and frequency based on all available information, potentially including multiple synchronization sources.
Observation 2:
Whether or not other synchronization sources in addition to OTA synchronization are available at a given IAB node is an implementation decision. In this context the important point from an IAB design perspective is to ensure that the use of additional synchronization sources is not precluded.

Proposal 1:
Consistent values of NTA and T_delta need to be made available to a child node in the context of the computation of the DL Tx timing from OTA synchronization.
Proposal 2:
An IAB node with multiple synchronization sources computes its timing and frequency estimates as a weighted average of the estimates provided by each source:
 ,
 ,
where:
·  is the timing estimate derived from source ,
·  is the frequency estimate derived from source ,
·  is a weighting factor for the timing estimate derived from source ,
·  is a weighting factor for the frequency estimate derived from source j.
The weighting factors are up to the implementation.
Proposal 3:
An IAB node provides to its child nodes an indication of quality  of its synchronization.
FFS the range, values, and update / communication frequency of .
Proposal 4:
An IAB node with multiple parents treats each parent as a separate OTA synchronization source.

	NTT DoCoMo
(R1-1911167)
	Proposal 1: The latest TA and T_delta should be used for the calculation of (TA/2 + T_delta), and whether averaging TA with considering DL Rx timing at MT for every TAC timing or not is left for implementation.
Proposal 2: MAC CE is used for signalling of T_delta.
Proposal 3: In order to generate accurate T_delta value to be indicated to child node, information regarding target absolute DL Tx timing can be provided to the IAB-node.
Proposal 4: For the IAB-node having multiple parent nodes, each parent node can indicate its hop order from a node having accurate synchronization source.
Proposal 5: The IAB-node having accurate synchronization source can report on an error regarding the indicated T_delta value to its parent node.

	Nokia, NSB
(R1-1911195)
	Observation 1: One needs to distinguish TAref from TA as a timing reference for IAB DL timing where TAref refers to the updated value of TA when a new TA command (and/or T_delta) was received.
Observation 2: For Opt-A with “actual value” of T_delta, receiving TA command and T_delta together can enable accurate (TA/2 + T_delta) calculations at the IAB node. 
Observation 3: For Opt-A with “actual value” of T_delta, receiving TA command and T_delta separately may not always provide accurate (TA/2 + T_delta) calculations at the IAB node. However, the IAB DU will be aware of which (TA/2 + T_delta) calculation are incorrect and can still provide DL timing alignment with the parent. 
Observation 4: The proposed averaging of TA values would cause several issues with Opt-B using the “target value” of T_delta. Opt-A using “target value” of T_delta would have the same issues as in Opt-B.
Observation 5: Usage of RRC for Opt-A would involve all IAB nodes in the IAB chain up to IAB-donor. Consistency with TA and T_delta may be difficult to guarantee.
Observation 6: The decision of the protocol layer to be used for T_delta signaling is beyond the scope of RAN1.
Proposal 1: RAN1 is asked to confirm the behaviour of parent and child nodes described above when deriving T_delta (at the parent node) and using signalled TA and T_delta (at the child node) for IAB-DU timing adjustment.
Proposal 2: It is proposed to take Opt-A, using preferably the “actual value” of T_delta, as the basis for the definition of IAB synchronization.




Annex B. RAN1 agreements in earlier meetings (WI phase only)
RAN1 #98
Agreements:
· According to RAN1 #96bis agreement, whether T_delta is a “target value” or an “actual value” is up to parent node implementation.   
· For the TA and T_delta in (TA/2+T_delta), to down-select:
· Opt-A: T_delta is given by the latest T_delta signaling, and TA is the current time interval at the IAB node between the start of UL TX frame i and the start of DL RX frame i, which is updated with the received TA command per Rel-15. 
· Opt-B: T_delta is given by the target T_delta signaling, and TA is an average of timing advance intervals (e.g., TA1, TA2, TA3…) updated by a series TA commands. 
· Once down-selected, further discuss how to reflect it in RAN1 specs
RAN1 #97
Agreements:
In Rel-16, an IAB node is not expected to receive T_delta when the IAB node MT is not in RRC_Connected mode. 

RAN1 #96bis
Agreements:
In order to align the DL TX timing of the IAB node with the DL TX timing of the parent node by setting DL TX timing of the IAB node (TA/2 + T_delta) ahead of its DL Rx timing, T_delta should be set to the (-1/2) of time interval at the parent node between the start of UL RX frame i for the IAB node and the start of DL TX frame i. 
· The setting of T_delta is not necessarily specified. 
· Note: The above setting of T_delta assumes that, for the same purpose, TA should be the time interval at the IAB node between the start of UL TX frame i and the start of DL RX frame i.
· Send LS to RAN4 for timing clarification. (Xinghua, Huawei)  R1-1905841, which is approved with the following updates:
· IAB_cCore
· Fix meeting location for the August meeting
· Fix the top blue box in the appendex from UL to DL
Final LS in R1-1905842
Agreements:
· In case the calculated TA/2 + T_delta at IAB node is negative, the IAB node should not adjust its DL-Tx timing. 

RAN1 #96
Agreements:
· T_delta is indicated by a parent to the child node independently from the existing Rel.15 TA indication from the parent node used to set the UL Tx timing of the child IAB node’s MT 
· T_delta is updated on an aperiodic basis determined by the parent node
· The child IAB node should trigger its DL TX timing adjustment by TA/2 + T_delta after it receives the timing offset T_delta indication from its parent node, if it is using OTA Timing Case 1 to obtain its DL timing.
· FFS: behavior if TA/2 + T_delta results in an effective negative timing offset
· FFS: delay between receiving T_delta and application of T_delta at the child node
· Separate value ranges/granularities may be considered for T_delta in FR1 and T_delta in FR2
· Send LS to RAN4 asking them to determine the exact values and granularity of T_delta and provide confirmation on RAN1’s assumption on the DL timing accuracy requirements for IAB nodes in case of OTA Case 1 timing is applied across multiple hops – R1-1903693 (Xinghua, Huawei), approved with final LS in R1-1903810
RAN1 #AH1901
Agreements:
An IAB node should set its DL TX timing ahead of its DL Rx timing by TA/2 + T_delta
· T_delta is signalled from the parent node, where the value is intended to account for factors such the offset between parent DL Tx and UL Rx, if any due to factors such as Tx to Rx switching time, HW impairments, etc.
· TA is the timing gap between UL Tx timing and DL Rx timing, which is derived based on existing Rel-15 mechanism
· FFS (not necessarily an exhaustive list):
· value range and granularity of Tdelta
· need for aperiodic/periodic updates of Tdelta
· other timing impairment factors for adjusting IAB node timing to be included in Tdelta
· timing alignment when the IAB node has multiple parents
· Note: once the design of the above FFS points is in a good shape, an LS to RAN4 may be necessary to solicit their input



Annex C. RAN4 agreements in RAN4 #91 (R4-1907732)
Way Forward on OTA Time Alignment: 
· Range and granularity of T_delta:
· At least the following factors need to be considered for deciding the range and granularity of T_delta:
·   Errors associated with the existing TA mechanism (in Rel-15):
· Bias in NTA.
· TA command resolution.
· The granularity of T_delta shall be finer than the granularity of TA command. 
· IAB OTA synchronization:
· Option 1: Do not specify OTA synchronization (OTA-S) accuracy for IAB node.
· Option 2: Specify OTA-S accuracy for IAB node.
· Factors impacting OTA-S accuracy need to be considered for deciding one of the options.
Way Forward on IAB RRM: 
· Access Link (AL):
·  A UE served by an IAB node on the access link (Uu) shall meet existing RRM requirements for the access link (Uu) defined in 38.133 and 36.133 (related to EN-DC or NE-DC). 
· No additional requirements related to UE operation on the access link are needed.
· Backhaul link (BL):
· It is FFS whether any RRM requirement need to be specified for IAB node and identify type of RRM requirement(s) (if need to be specified).
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