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Introduction
This paper provides a summary of agenda item 7.2.3.4 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 #98 [1]~[10], as well as the offline discussion during RAN1 #98, 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: At least for the DL-Tx timing adjustment triggered by T_delta indication, which TA value within the timing advance procedure is applied into adjustment amount of (TA/2+T_delta)? 
Issue #2: Whether and how to maintain consistency between TA and T_delta in the adjustment of (TA/2+T_delta)?
Issue #3: When to apply the DL-Tx timing update once the needed TA and T_delta are available at IAB node?
Issue #4: Signaling for T_delta (MAC CE vs. RRC)
Issue #5: Besides T_delta indication, is there any other event that can trigger DL-Tx timing adjustment?

	DL-Tx timing accuracy
	Issue #6: Are there any RAN1 tasks relating to DL-Tx timing accuracy of an IAB node?  

	Timing with multi-parents
	Issue #7:  From timing perspective, whether and how to treat a parent as a timing source?
Issue #8: Any timing functionalities in RAN1 scope for route selection and route redundancy?  



Accordingly, the companies’ views are categorized as following. 

Issue #1: At least for the DL-Tx timing adjustment triggered by T_delta indication, which TA value within the timing advance procedure is applied into adjustment amount of (TA/2+T_delta)?
The corresponding companies’ views listed in table below are summarized as following:
· Option 1: TA is the timing advance maintained by IAB node at the moment when T_delta is received. (Supported by Huawei, HiSi). 
· Option 2: TA is the most recent TA before T_delta is received. (Supported by ZTE, Sanechips, Samsung, LG, Nokia, NSB). 
· Option 3: TA is the timing advance signaled together with T_delta. 
The difference between Option 1 and Option 2 is that: Option 1 pairs the measured T_delta with a TA value occurring after T_delta measurement, while Option 2 allows pairing the measured T_delta with a TA value occurring either roughly at the same time of or before T_delta measurement. 
Option 3 seems lack of sufficient support and NTT DoCoMo considers Option 3 as not necessary. 
Meanwhile, it seems beneficial to keep the corresponding timing adjustment logic in RAN1 specification not explicitly depending on the parameter Te that is defined in RAN4 specification, just like the current way for RAN1 and RAN4 to handle the TA. In addition, the related RAN4 specification text from TS38.133, as copied below, seems only to limit the “actual UL Tx timing” to fall into a time window determined by TAref and Te, but not to mandate the “actual UL Tx timing” be implementable and measurable per exact value, which means the feasibility of assigning TA value (corresponding to actual UL Tx timing) to TAref might be at least not in RAN1 scope: 
When the transmission timing error between the UE and the reference timing exceeds Te, the UE is required to adjust its timing to within Te. The reference timing shall be [image: ] before the downlink timing of the reference cell.
Based on above reasoning, Option 2 is proposed here. 
Tentative proposal:  For the DL-Tx timing adjustment triggered by T_delta indication, from RAN1’s perspective, the TA in (TA/2+T_delta) is resulted from the last timing advance adjustment at IAB node before T_delta is received. 

	Company
(TDoc #)
	Views, observations and proposals

	Huawei, HiSi.
(R1-1908037)
	Proposal 1: TA in TA/2+T_delta equals the timing advance that is maintained by the IAB node MT when receiving T_delta.

	ZTE, Sanechips
(R1-1908317)
	Proposal 2: To specify that the TA in (TA/2+Tdelta) is the most recent TA before T_delta is received.

	Samsung
(R1-1908474)
	Observation 2: Once T_delta is received, TA in (TA/2+T_delta) equals to the last TA command.

	Intel
(R1-1908632)
	Proposal 2: There can be several alternative solutions for the inconsistent TA andissue:
· Alt 1: TA andare signaled together.
· Alt 2: confine the TA andtransmission within a limited timing window. 
· Alt 3: add a non--update indication together with the TA signaling. 
· Alt 4: Left to implementation. 

	LG Electronics
(R1-1908695)
	Proposal 2: DL Tx timing at child node is updated only when the T_delta is updated, and child node should employ most recently received TA value before T_delta update for DL Tx timing adjustment. 

	Nokia, NSB
(R1-1908988)
	Observation 2: It is important to distinguish TAref from TA as a timing reference for IAB DL timing.  TAref is set when the timing advance command is sent and is held constant until the next timing advance update.  T_delta is only accurate with respect to TAref and would be inaccurate with respect to TA as offset by Te.
Proposal 1: The DL TX timing of the IAB node is set as (TA_ref/2 + T_delta) ahead of its DL Rx timing, and TA_ref shall be made equal to TA when TA command is received.

	NTT DoCoMo
(R1-1909184)
	Observation 1: “case 1” OTA DL Tx timing adjustment would be mainly for compensating synchronization clock shift at IAB node and/or the propagation delay change where TA update without T_delta update would be necessary, once IAB node sets the DL Tx timing. Therefore, simultaneous update of TA and T_delta might not be necessary. In addition, updating timing of TA and T_delta can be left for implementations.

	Qualcomm
(R1-1909251)
	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.



Issue #2: Whether and how to maintain consistency between TA and T_delta in the adjustment of (TA/2+T_delta)?
Six companies (ZTE, Sanechips, Intel, Nokia, NSB and Qualcomm) believe the inconsistency between TA and T_delta could occur and therefore needs to be taken care of. The following solutions are mentioned: 
· Alt 1: TA andare signalled together. (Supported by Intel)
· This solution needs further clarification, given the TA in the same signalling as carrying T_delta may not be the same TA at the IAB node when T_delta is measured.  
· Alt 2: confine the TA andtransmission within a limited timing window. (Supported by Intel, Samsung) 
· Samsung further propose that the window size should be determined by RAN4.  
· Alt 3: add a non--update indication together with the TA signaling. (Supported by Intel)
· Alt 4: Left to implementation. (Supported by Intel, ZTE/Sanechips)
· ZTE/Sanechips think the solution can be an implementation issue in parent node if the TA in (TA/2+T_delta) corresponds to the last timing advance update before T_delta is received. 
Tentative Proposal: Further discuss, targeting an agreement in RAN1 #98. 
	Company
(TDoc #)
	Views, observations and proposals

	ZTE, Sanechips
(R1-1908317)
	It can be seen that . The inconsistency happens when , due to the time-varying of NTA upon TA commands and unsynchronized measurements of TA and T_delta in two different nodes. This inconsistency can be avoided by parent node implementation with either one of following prerequisites: 
· TA in (TA/2+Tdelta) is the most recent TA before T_delta is received.
· When T_delta is applied to adjust DL-TX timing is specified. 

	Samsung
(R1-1908474)
	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.

	Intel
(R1-1908632)
	Observation 1: With inconsistent TA and, the DL TX timing at an IAB node will shift offset from the exact DL TX timing, where is the difference between the values in TA and. 
Proposal 1: The inconsistent TA andissue (which means they are corresponding to different values) needs to be addressed. 
Proposal 2: There can be several alternative solutions for the inconsistent TA andissue:
· Alt 1: TA andare signaled together.
· Alt 2: confine the TA andtransmission within a limited timing window. 
· Alt 3: add a non--update indication together with the TA signaling. 
· Alt 4: Left to implementation. 

	Nokia, NSB
(R1-1908988)
	Observation 1: The TA control can be assumed to be stabilized during the IAB node integration before the IAB DU operation is activated and T_delta is needed.
Observation 2: It is important to distinguish TAref from TA as a timing reference for IAB DL timing.  TAref is set when the timing advance command is sent and is held constant until the next timing advance update.  T_delta is only accurate with respect to TAref and would be inaccurate with respect to TA as offset by Te.
Observation 3: In static IAB deployment, the maximum TX error Te specified for a UE, cannot be used as such for IAB synchronization error.
Observation 4: UL TX error will affect TA control and/or the derivation/signalling of the new T_delta value and therefore contributing to IAB timing error via these functions.
Observation 5: Any timing drift of the UL TX timing due to offset in the local reference clock should not affect the estimate of the propagation delay and consequently the DU timing.

Proposal 1: The DL TX timing of the IAB node is set as (TA_ref/2 + T_delta) ahead of its DL Rx timing, and TA_ref shall be made equal to TA when TA command is received.
Proposal 2: Provided that Prop.1 is agreed, separate T_delta signalling shall reset NTA_Ref equal to NTA as if also zero TA command had been received. 

	Ericsson 
(R1-1909027)
	Observation 2	A difference between the parent node and IAB-node in the assumption about T_delta can have a significant impact on the performance and reliability of RAN.
Observation 3	There exist no feedback or measurement mechanism to correct or at least detect significant DL-Tx timing deviations of an IAB-node due to incorrect node-internal T_delta assumptions.
Observation 4	T_delta will likely not change frequently, and its signalling has reduced delay requirements, compared to timing advance control.

	Qualcomm
(R1-1909251)
	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.



Issue #3: When to apply the DL-Tx timing update once the needed TA and T_delta are available at IAB node?
For the motivation, even though the timing relationship between T_delta reception and T_delta application can be used (as Intel proposed) to solve the potential inconsistency issue between TA and T_delta, ZTE/Sanechips question whether this timing relationship should be anyway specified even if it is not adopted for inconsistency issue, given RAN1 specifies the similar timing relationship for TA command.  
As for the solution, the companies’ views are: 
· The application of T_delta is within a time window, with window size determined by RAN4 (Supported by Samsung). 
· The T_delta is applied when the DU is inactive. (Supported by Ericsson)
· It is an implementation issue. (Supported by NTT DoCoMo and Qualcomm).  
Tentative Proposal: Further discuss, targeting an agreement in RAN1 #98. 
	Company
(TDoc #)
	Views, observations and proposals

	ZTE, Sanechips
(R1-1908317)
	Proposal 3: To discuss whether to specify the time for IAB node to adjust DL-Tx timing after receiving T_delta. 

	Samsung
(R1-1908474)
	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.

	Intel
(R1-1908632)
	Proposal 2: There can be several alternative solutions for the inconsistent TA andissue:
· Alt 1: TA andare signaled together.
· Alt 2: confine the TA andtransmission within a limited timing window. 
· Alt 3: add a non--update indication together with the TA signaling. 
· Alt 4: Left to implementation.   

	Ericsson 
(R1-1909027)
	Observation 6	Currently, there are no agreements made on how parent node and IAB-node can coordinate the application of a possibly updated/changed T_delta, when both nodes’ DUs are active.
Proposal 2	An IAB-node receives information about T_delta and applies T_delta information in its DL-Tx timing determination only when its DU is not active.


	NTT DoCoMo
(R1-1909184)
	Observation 1: “case 1” OTA DL Tx timing adjustment would be mainly for compensating synchronization clock shift at IAB node and/or the propagation delay change where TA update without T_delta update would be necessary, once IAB node sets the DL Tx timing. Therefore, simultaneous update of TA and T_delta might not be necessary. In addition, updating timing of TA and T_delta can be left for implementations.

	Qualcomm
(R1-1909251)
	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.



Issue #4: Signaling for T_delta (MAC CE vs. RRC)
Companies’ views as summarized as following: 
· Supporting MAC-CE: ZTE, Sanechips,  Samsung, Intel, Nokia, NSB
· Reason: to allow maintaining consistency between TA and T_delta in the same protocol stack.   
· Supporting RRC: LG Electronics. (Sharp mentions that the “timing gap” T_delta is reported by RRC, but that T_delta seems to refer to something else, i.e., the timing gaps between parent/child links and between child/grandchild links).  
· Reason: T_delta may not be updated as frequently as TA.
· Leaving signaling design to RAN2: Ericsson.
· Reason:  MAC-based signaling is not protected and not secured. In addition, the current signaling mechanism is not capable of detection of unwanted DL-Tx timing deviation. 
Tentative Proposal: T_delta is carried by MAC-CE. 
	Company
(TDoc #)
	Views, observations and proposals

	ZTE, Sanechips
(R1-1908317)
	Proposal 4: To use MAC-CE to carry T_delta.


	Samsung
(R1-1908474)
	Observation 3: The use of MAC-CE for signaling of T_delta can avoid inconsistency between TA and T_delta.

	Intel
(R1-1908632)
	Proposal 3: Theinformation can be signalled with MAC CE in RRC_Connected mode.  

	LG Electronics
(R1-1908695)
	Proposal 1: Use RRC signaling to carry T_delta. 


	Nokia, NSB
(R1-1908988)
	Observation 6: Usage of RRC would be complex by involving all IAB nodes is a (possibly) multi-hop chain up to IAB-donor. Consistency with TA and T_delta may be difficult to guarantee.
Proposal 3: T_delta can be signaled with MAC-CE being straightforward extension to TA signaling and providing forward compatibility for possible IAB extension to mobile relaying.

	Ericsson 
(R1-1909027)
	Observation 1	Currently there is no support for protecting MAC-based inter-IAB node signalling.
Proposal 1	Any signalling specification of T_delta should at least consider aspects of security, mainly in terms of integrity and authenticity (not necessarily privacy), and reliability.
Proposal 4	The signaling design for a parent node signalling T_delta to an IAB-node is up to RAN2.


	Sharp
(R1-1909093)
	Proposal 1:
The “timing gap” T_delta  between child/parent links and child/grandchildren links should be reported using RRC signaling unless there is an objection from RAN4.
Proposal 2:
RAN1 should specify as needed procedures for Parent/Child behavior in response to synchronization reports.  These reports should be based on L1 and/or MAC signaling behavior



Issue #5: Besides T_delta indication, is there any other event that can trigger DL-Tx timing adjustment?
Companies’ views as from contributions are summarized as following: 
· Option 1: Besides T_delta indication, no other event triggers the DL-Tx timing adjustment. (Supported by Huawei, HiSi., ZTE, Sanechips, LG Electronics.)
· Reasons: TA updating is more frequent than changing of DL-Tx timing; and changing of DL-Rx timing may be caused by ambiguous reasons --- due to change of either propagation delay or DL-Tx timing at parent or even both; the DL-Tx timing instability may accumulate as hop order increases, if the changing of DL-Rx timing on parent link can also modify DL Tx timing on child link.  
· Option 2: Besides T_delta, the update of TA can also trigger DL-Tx timing adjustment, based on IAB node implementation. (Supported by NTT DoCoMo and Qualcomm).
· Reasons: The node is responsible to meet synchronization requirements and it can decide when to update timing and frequency based on all available information.
In RAN1 #97, the comparison of granularities between TA and T_delta was raised as one of consideration factors in answering Issue #5.  Therefore it may deserve to note that RAN4 already agreed in R4-1907732 that the T_delta indication has finer granularity than TA command.
For both of above options, there are supposed no further specification work; however, for option 2, it needs extra clarification which steps in TA-triggered DL-Tx timing adjustment procedure can share with T_delta-triggered procedure, and which steps follow “IAB node implementation”, for example, whether option 2 could have similar issue as in Issue #1, i.e., which T_delta should be paired with triggering TA or the pairing between TA and T_delta is per implementation for the TA-triggered DL-TX timing adjustment.  
Tentative Proposal: In OTA-based case-1 timing, T_delta indication is the only event that can trigger the DL-Tx timing adjustment.  
	Company
(TDoc #)
	Views, observations and proposals

	Huawei, HiSi.
(R1-1908037)
	Proposal 2: After setting the initial DL TX timing, the DL TX timing for IAB node DU should be adjusted only by the subsequent T_delta updates, rather by the TA updating of IAB node MT.

	ZTE, Sanechips
(R1-1908317)
	Proposal 1: Any changes in NTA, NTA,offset  and DL-Rx timing at an IAB node do not trigger the adjustment of its DL-Tx timing.

	LG Electronics
(R1-1908695)
	Proposal 2: DL Tx timing at child node is updated only when the T_delta is updated, and child node should employ most recently received TA value before T_delta update for DL Tx timing adjustment. 

	NTT DoCoMo
(R1-1909184)
	Observation 1: “case 1” OTA DL Tx timing adjustment would be mainly for compensating synchronization clock shift at IAB node and/or the propagation delay change where TA update without T_delta update would be necessary, once IAB node sets the DL Tx timing. Therefore, simultaneous update of TA and T_delta might not be necessary. In addition, updating timing of TA and T_delta can be left for implementations.

	Qualcomm
(R1-1909251)
	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.



Issue #6: Are there any RAN1 tasks relating to DL-Tx timing accuracy of an IAB node?  
Four companies (ZTE, Sanechips, NTT DoCoMo and Qualcomm) propose certain synchronization accuracy indications, including DL-Tx timing error range, hop order and potentially a more general quality indication. On the other hand, it may deserve to note that RAN4 has the pending decision on whether to specify OTA-S accuracy for IAB node. It seems more appropriate for RAN1 to wait for RAN4’s decision or preference. Therefore the issue #6 may have low priority in RAN1 #98 unless RAN4 makes an early decision. 
Tentative Proposal: To wait for RAN4’s decision or preference on whether to specify OTA-S accuracy for IAB. 
	Company
(TDoc #)
	Views, observations and proposals

	Huawei, HiSi.
(R1-1908037)
	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 be measured and signaled, which makes the error averaging difficult to implement at an IAB node.

	ZTE, Sanechips
(R1-1908317)
	Proposal 5: It should be supported that the IAB node indicates to other IAB node its DL-Tx timing error range. How DL-Tx timing error range is derived can be based on implementation and therefore not necessarily specified.

	Nokia, NSB
(R1-1908988)
	Observation 3: In static IAB deployment, the maximum TX error Te specified for a UE, cannot be used as such for IAB synchronization error.
Observation 4: UL TX error will affect TA control and/or the derivation/signalling of the new T_delta value and therefore contributing to IAB timing error via these functions.
Observation 5: Any timing drift of the UL TX timing due to offset in the local reference clock should not affect the estimate of the propagation delay and consequently the DU timing.

	NTT DoCoMo
(R1-1909184)
	Proposal 1: 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 2: For the IAB-node having multiple parent nodes, each parent node can indicate its hop order from a node having accurate synchronization source.
Proposal 3: The IAB-node having accurate synchronization source can report on an error regarding the indicated T_delta value to its parent node.

	Qualcomm
(R1-1909251)
	Proposal 3:
An IAB nodes provides to its child nodes an indication of quality  of its synchronization.
FFS the range, values, and update / communication frequency of .



Issue #7:  From timing perspective, whether and how to treat a parent as a timing source?
Issue #8: Any timing functionalities in RAN1 scope for route selection and route redundancy?
It time allows, the discussion in RAN1 #98 for issues #7 and #8 would focus on what should be specified from RAN1’s perspective. 
	Company
(TDoc #)
	Views, observations and proposals

	Huawei, HiSi.
(R1-1908037)
	Observation 1: The DL TX synchronization error can be mitigated by taking a weighted average of the DL TX timing of multiple parent nodes.
Proposal 4: 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 calculates T_delta according to the averaged offset and TA value

	Nokia, NSB
(R1-1908988)
	Proposal 4: RAN1 may consider if no specific behaviour is needed when BH link is changed to a new parent node.
Proposal 5: Timing with multi-connectivity and if GNSS is used in some of the IAB nodes can be initially handled with proper implementation. Any enhancements can be considered optimization and therefore may be addressed in future releases.

	NTT DoCoMo
(R1-1909184)
	Proposal 2: For the IAB-node having multiple parent nodes, each parent node can indicate its hop order from a node having accurate synchronization source.

	Qualcomm
(R1-1909251)
	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 timing 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 with multiple parents treats each parent as a separate OTA synchronization source.





Offline conclusions
Based on the offline discussion, the following observations/proposals are provided to online session for official agreements:
Proposal 1: 
· 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), 
· 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. 
· Within Opt-A, T_delta may or may not be needed to be sent as frequently as TA, depending whether the parent node treat the T_delta as “target value” or “actual value”. 
· Opt-B: T_delta is given by the latest T_delta signaling, and TA is an average of timing advance intervals (e.g., TA1, TA2, TA3…) updated by a series TA commands. 
· Within Opt-B, T_delta does not have to be sent as frequently as TA. 




[bookmark: _GoBack]
Proposal 2: 
Use MAC-CE to carry T_delta. 

	
	Opt-1
	Opt-2
	Opt-3

	How to interpret T_delta
	Opt-1 assumes T_delta is “the interval target”; Opt-2/3 assumes T_delta as “actual interval”. Meanwhile, RAN1 agreed that “The setting of T_delta is not necessarily specified.”  
Observation: It seems that, per spec wise, Opt-1/2/3 operates in the same way when receiving T_delta as input to (TA/2+T_delta). 

	How to interpret TA
	Observation: Same interpretation for TA across Opt-1/2/3, except the potential difference on granularity. 

	How to update (TA/2+T_delta)
	(TA/2+T_delta) always depend on the current (=latest?) TA and T_delta. 
	RAN1 agreed on one triggering event per T_delta reception. Companies have different views on whether to allow TA command triggering as well. 

	Signaling for T_delta
	RRC or MAC-CE
	MAC-CE
	RRC

	Compromise on updating events and signaling 
	Updating of (TA/2+T_delta): per Proposal 1. 2 
Signaling: MAC-CE. 
Reasons to use MAC-CE: Because (TA/2+T_delta) can be updated by both TA and T_delta, it is better to keep these two close-loop factors in the same protocol stack. For example, one over-tuned TA should be adjusted back by T_delta in a timely manner, which should be at least allowed by signaling mechanism. 

	After the updating of (TA/2+T_delta), how to apply it? 
	IAB node implementation





Conclusion 1: 
· Companies observes following pros and cons for sending T_delta in MAC-CE: 
· Pros:
· T_delta stays in the same protocol stack as TA, allowing easy solution for inconsistency issue solution between TA and T_delta. 
· It is allowed to send T_delta as frequently as TA so that the finer granularity of T_delta can well compensate the larger granularity of TA. (Note: This applies to the case where TA can also trigger DL-Tx timing adjustment. In addition, this only means the finer granularity compensation information can be timely delivered; how to apply such compensation is up to implementation. )
· Cons:
· Potential extra RAN2 work to enhance reliability/integrity of MAC-CE containing T_delta message. (Note: RAN2 already has the precedent on using MAC-CE message to confirm the reception of certain other message, such as Configured Grant Confirmation MAC CE, defined in 38.321)

· Companies observes following pros and cons for sending T_delta in RRC: 
· Pros:
· Less concern on reliability/integrity issue (does it need confirmation from child?)
· Cons: 
· T_delta and TA are in different protocol stacks, which may leads to more work in RAN2 and make the timing specification a bit more complicated.
· The updating of T_delta is less frequent than that of TA. The DL-Tx timing accuracy may be more influenced by TA granularity (which is larger) than by T_delta granularity (which is smaller). (Note: This applies to the case where TA can also trigger DL-Tx timing adjustment.) 






	
	T_delta is treated as “constant target” of half time interval between DL-Tx and UL-Rx
	T_delta is treated as “actual and time-varying” half time interval between DL-Tx and UL-Rx 

	if T_delta is carried in MAC-CE
	Both Opt-1’(using MAC-CE instead of RRC) and Opt-2 can apply
	Opt-2
Pros: Inconsistency issue handled.
Cons: So far no guarantee on RAN2 solution for reliability/integrity  issue on T_delta

	if T_delta is carried in RRC signaling
	Opt-1
Pros: No reliability/integrity  issue;
Cons: potentially larger sync error due to difference between target T_delta and actual T_delta; the assumption on constant T_delta target restricts implementation; turn-around RAN4 work on T_delta/TA granularity.  
	Opt-3
Pros: No reliability/integrity  issue.
Cons: Inconsistency issue may exists. 



Proposal k: 
For calculation of (TA/2+T_delta), choose one from following options. 
Opt-1:  
· The (TA/2+T_delta) calculation can be triggered by RRC indication of T_delta reception, and additionally any other applicable triggering event. 
· T_delta is carried in RRC.
· Both the TA and the T_delta are the current values when (TA/2+T_delta) is calculated.
· Send LS to RAN4 to inform the dependency of OTA-S synchronization accuracy upon TA granularity (rather than T_delta granularity). 
Opt-2:  
· The (TA/2+T_delta) calculation is triggered only by reception of T_delta indication.
· T_delta is carried in MAC-CE.
· The TA is the timing advance resulted from the last timing advance adjustment at IAB MT before the triggering T_delta is received.
· The potential reliability/integrity  issue in using MAC-CE to carry T_delta (i.e., DL-Tx timing could be wrong for long until new T_delta from parent node is received) is left to RAN2, under the assumption that RAN2 will have a general solution to protect all MAC-CE messages for IAB. In case the IAB node has no sufficient protection on MAC-CE message, it is assumed to rely on GNSS to achieve case-1 timing.   
Opt-3:                                                         
· The (TA/2+T_delta) calculation is triggered only by RRC indication of T_delta reception.       
· T_delta is carried in RRC.
· The TA is the timing advance resulted from the last timing advance adjustment at IAB MT before the RRC indication of T_delta reception. 
· Note: The inconsistency between TA and T_delta may remain unsolved.  








Offline discussion: 
Observation 1: T_delta at the parent node is at least child-node-specific. 
Observation 2: The TA in (TA/2+T_delta) should be 
a). TA reference timing, obtained from TA command accumulation;
b). actual TA that associates with the actual DL-Rx timing and actual UL-Tx timing

Observation 3: Within the time of a series of TA command deliveries from the parent to IAB node,   
a). T_delta can be treated as constant. [under what condition it is treated as constant]
b). T_delta is not constant. 
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Annex A. Observations/proposals from contributions
	Company
(TDoc #)
	Observations and proposals

	Huawei, HiSi.
(R1-1908037)
	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 be measured and signaled, which makes the error averaging difficult to implement at an IAB node.
Proposal 1: TA in TA/2+T_delta equals the timing advance that is maintained by the IAB node MT when receiving T_delta.
Proposal 2: After setting the initial DL TX timing, the DL TX timing for IAB node DU should be adjusted only by the subsequent T_delta updates, rather by the TA updating of IAB node MT.
Proposal 3: For DL TX timing update, the maximum and minimum steps of timing adjustment should be specified by RAN4.
Proposal 4: 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 calculates T_delta according to the averaged offset and TA value

	ZTE, Sanechips
(R1-1908317)
	 Proposal 1: Any changes in NTA, NTA,offset  and DL-Rx timing at an IAB node do not trigger the adjustment of its DL-Tx timing.
Proposal 2: To specify that the TA in (TA/2+Tdelta) is the most recent TA before T_delta is received.
Proposal 3: To discuss whether to specify the time for IAB node to adjust DL-Tx timing after receiving T_delta. 
Proposal 4: To use MAC-CE to carry T_delta.
Proposal 5: It should be supported that the IAB node indicates to other IAB node its DL-Tx timing error range. How DL-Tx timing error range is derived can be based on implementation and therefore not necessarily specified.

	Samsung
(R1-1908474)
	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.
Observation 2: Once T_delta is received, TA in (TA/2+T_delta) equals to the last TA command.
Observation 3: The use of MAC-CE for signaling of T_delta can avoid inconsistency between TA and T_delta.

	Intel
(R1-1908632)
	Observation 1: With inconsistent TA and, the DL TX timing at an IAB node will shift offset from the exact DL TX timing, where is the difference between the values in TA and. 
Proposal 1: The inconsistent TA andissue (which means they are corresponding to different values) needs to be addressed. 
Proposal 2: There can be several alternative solutions for the inconsistent TA andissue:
· Alt 1: TA andare signaled together.
· Alt 2: confine the TA andtransmission within a limited timing window. 
· Alt 3: add a non--update indication together with the TA signaling. 
· Alt 4: Left to implementation. 
Proposal 3: Theinformation can be signalled with MAC CE in RRC_Connected mode.  

	LG Electronics
(R1-1908695)
	Proposal 1: Use RRC signaling to carry T_delta. 
Proposal 2: DL Tx timing at child node is updated only when the T_delta is updated, and child node should employ most recently received TA value before T_delta update for DL Tx timing adjustment. 

	Nokia, NSB
(R1-1908988)
	Observation 1: The TA control can be assumed to be stabilized during the IAB node integration before the IAB DU operation is activated and T_delta is needed.
Observation 2: It is important to distinguish TAref from TA as a timing reference for IAB DL timing.  TAref is set when the timing advance command is sent and is held constant until the next timing advance update.  T_delta is only accurate with respect to TAref and would be inaccurate with respect to TA as offset by Te.
Observation 3: In static IAB deployment, the maximum TX error Te specified for a UE, cannot be used as such for IAB synchronization error.
Observation 4: UL TX error will affect TA control and/or the derivation/signalling of the new T_delta value and therefore contributing to IAB timing error via these functions.
Observation 5: Any timing drift of the UL TX timing due to offset in the local reference clock should not affect the estimate of the propagation delay and consequently the DU timing.
Observation 6: Usage of RRC would be complex by involving all IAB nodes is a (possibly) multi-hop chain up to IAB-donor. Consistency with TA and T_delta may be difficult to guarantee.
Proposal 1: The DL TX timing of the IAB node is set as (TA_ref/2 + T_delta) ahead of its DL Rx timing, and TA_ref shall be made equal to TA when TA command is received.
Proposal 2: Provided that Prop.1 is agreed, separate T_delta signalling shall reset NTA_Ref equal to NTA as if also zero TA command had been received. 
Proposal 3: T_delta can be signaled with MAC-CE being straightforward extension to TA signaling and providing forward compatibility for possible IAB extension to mobile relaying.
Proposal 4: RAN1 may consider if no specific behaviour is needed when BH link is changed to a new parent node.
Proposal 5: Timing with multi-connectivity and if GNSS is used in some of the IAB nodes can be initially handled with proper implementation. Any enhancements can be considered optimization and therefore may be addressed in future releases.

	Ericsson 
(R1-1909027)
	Observation 1	Currently there is no support for protecting MAC-based inter-IAB node signalling.
Observation 2	A difference between the parent node and IAB-node in the assumption about T_delta can have a significant impact on the performance and reliability of RAN.
Observation 3	There exist no feedback or measurement mechanism to correct or at least detect significant DL-Tx timing deviations of an IAB-node due to incorrect node-internal T_delta assumptions.
Observation 4	T_delta will likely not change frequently, and its signalling has reduced delay requirements, compared to timing advance control.
Observation 5	A broadcasting-based method of T_delta has higher specification impact and requires specification coordination beyond the IAB WI.
Observation 6	Currently, there are no agreements made on how parent node and IAB-node can coordinate the application of a possibly updated/changed T_delta, when both nodes’ DUs are active.
Proposal 1	Any signalling specification of T_delta should at least consider aspects of security, mainly in terms of integrity and authenticity (not necessarily privacy), and reliability.
Proposal 2	An IAB-node receives information about T_delta and applies T_delta information in its DL-Tx timing determination only when its DU is not active.
Proposal 3	RAN1 should summarize and provide information regarding important properties and characteristics of T_delta to RAN2.
Proposal 4	The signaling design for a parent node signalling T_delta to an IAB-node is up to RAN2.


	Sharp
(R1-1909093)
	Proposal 1:
The “timing gap” T_delta  between child/parent links and child/grandchildren links should be reported using RRC signaling unless there is an objection from RAN4.
Proposal 2:
RAN1 should specify as needed procedures for Parent/Child behavior in response to synchronization reports.  These reports should be based on L1 and/or MAC signaling behavior

	NTT DoCoMo
(R1-1909184)
	Observation 1: “case 1” OTA DL Tx timing adjustment would be mainly for compensating synchronization clock shift at IAB node and/or the propagation delay change where TA update without T_delta update would be necessary, once IAB node sets the DL Tx timing. Therefore, simultaneous update of TA and T_delta might not be necessary. In addition, updating timing of TA and T_delta can be left for implementations.
Proposal 1: 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 2: For the IAB-node having multiple parent nodes, each parent node can indicate its hop order from a node having accurate synchronization source.
Proposal 3: The IAB-node having accurate synchronization source can report on an error regarding the indicated T_delta value to its parent node.

	Qualcomm
(R1-1909251)
	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 timing 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 nodes 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 with multiple parents treats each parent as a separate OTA synchronization source.




Annex B. RAN1 agreements in earlier meetings (WI phase only)
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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