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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 #97 [1]~[7], as well as the offline discussion during RAN1 #97, 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
Observations/proposals from company contributions
	Company
(TDoc #)
	Observations and proposals

	Huawei, HiSi.
(R1-1906002)
	Observation 1: The DL TX synchronization error can be mitigated by averaging the DL TX timing of multiple parent nodes.
Proposal 1: After the initial DL TX timing setting, the DL TX timing for IAB node DU should be adjusted only by the subsequent T_delta update, rather by the TA update for IAB node MT.
Proposal 2: For DL TX timing updating, 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 child IAB node should report the offset between the DL TX timing from the old parent node and DL RX timing from the new parent node.
Proposal 4: T_delta should be determined by donor node taking the different TX synchronization accuracy of multiple parent node into consideration.
Proposal 5: To avoid time resource collision between backhaul link and access link, the IAB node should be able to report the timing offset between the IAB node MT DL Rx timing and the IAB node DU DL Tx timing to the parent node.
Proposal 6: To maximize the resource utilization ratio for backhaul link, the parent node and IAB node should determine the resource multiplexing pattern according to the timing offsets, where the timing offsets include the timing offsets between MT downlink to DU downlink, MT uplink and DU uplink, MT downlink and DU uplink, and MT uplink and DU downlink.

	NTT DOCOMO
(R1-1906204)
	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.

	ZTE, Sanechips
(R1-1906456)
	 Proposal 1: In OTA-based case-1 timing alignment, the IAB node adjusts its DL-Tx timing at the starting of DL radio frame (n+k) after receiving the T_delta notification from parent in radio frame n. FFS on k.  
Proposal 2: To use MAC-CE to deliver T_delta. 
Proposal 3: It is supported that the IAB node derives and indicates to other IAB node its DL-Tx timing error range.

	Intel
(R1-1906793)
	 Observation 1: TA is related to propagation delay (), fixed offset () and floating offset ().
Observation 2: is related to fixed offset () and floating offset ().
Observation 3: The relation of TA change and  change is as follows: 
· Whenever there is an update in the floating offset, both TA and will change their values. 
· Whenever there is an update in, there will also be an update in TA. 
· Whenever there is an update in TA, there may be change (if TA update is caused by) or not (if TA update is caused by). 
Observation 4: 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 from an IAB node to its child nodes in the following manner:
· Theinformation can be signalled with similar methods as the current TA signaling, i.e. carried over MAC RAR during initial access and MAC CE in connected mode.
· If theinformation is common for all the child IAB nodes, it can be broadcast to the child IAB nodes. 

	Samsung
(R1-1906933)
	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.

	Nokia, NSB
(R1-1907117)
	Observation 1: Informing the parent node about the actual timing offset used at the IAB node is not solving the issue.
Observation 2: 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 3: IAB DU DL TX timing adjustment due the change of T_delta value, while the IAB DU is active, has to be done in a way that it does not affect the services of the access UEs.
Observation 4: 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: Because of criticality of the 1st symbol of the DL slot, the parent node should be able to assume that the symbol is detectable by the IAB node.
Proposal 2: The issue#3 can be solved by IAB node implementation by puncturing the last DU TX symbol(s) to provide sufficient gap for TX/RX switching.
Proposal 3: As the DU TX timing is a function of both NTA and T_delta, a new T_delta value is sent along with the update of NTA.
Proposal 4: It is up to RAN4 to decide about the timing adjustment while meeting the assumed synchronization accuracy requirements without affecting UEs.
Proposal 5: T_delta can be signaled with MAC-CE or SIB1 with preference for MAC-CE being straightforward extension to TA signaling and providing forward compatibility for possible IAB extension to mobile relaying.
Proposal 6: RAN1 may consider if no specific behaviour is needed when BH link is changed to a new parent node.
Proposal 7: 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 later releases.

	Qualcomm
(R1-1907268)
	Proposal 1: The IAB node computes an estimate DL_Tx_timing_s of its DL Tx timing from each synchronization source s available to the IAB node.
The IAB node sets its DL Tx timing as DL_Tx_timing = DL_Tx_timing_s • ws where ws is an appropriate weight factor for source s.
FFS how to determine the weights ws .

Observation 1: In the context of the computation of the DL Tx timing estimate at an IAB node based on OTA synchronization to the parent node as DL_Tx_timing = DL_Rx_timing – (TA/2 + T_delta), for proper operation the parent node needs to set the value of T_delta to T_delta = - (NTA,offset + Δ )/ 2 where Δ is defined for TDD operation as Δ = GRx2Tx – NTA,offset.
Observation 2: The granularity of T_delta has no bearing on the accuracy of the DL Tx timing estimate, provided the IAB node selects a value of Δ for its Tx/Rx alignment that matches one of the available values for T_delta.

Proposal 2: 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 3: An IAB nodes provides to its child nodes a measure of the reliability of its timing reference.


Based on submitted contributions and above-mentioned observations/proposals, some commonly-interested and/or necessary-to-discuss issues are listed below. 
	Remaining issues of T_delta
	Issue #1: Consistency between TA and T_delta
Issue #2: Delay between reception of T_delta signaling and application of T_delta
Issue #3: Signaling for T_delta

	Indication of DL-Tx timing accuracy
	Issue #4: Whether it is needed to have certain metric to represent the DL-Tx timing accuracy of an IAB node? If yes, what should it be?  

	Coordination based on derived timing
	Issue #5: Any coordination between the IAB node and other nodes (e.g., the parent) based on the timing being derived.  

	Timing with multi-parents
	Issue #6:  From timing perspective, whether and how to treat a parent as a timing source?
Issue #7: Any timing functionalities in RAN1 scope for route selection and route redundancy?  



Accordingly, the companies’ proposals and observations are categorized as following. 

Issue #1: Consistency between TA and T_delta
Issue #2: Delay between reception of T_delta signaling and application of T_delta
Issue #3: Signaling for T_delta
	Company
(TDoc #)
	Observations and proposals

	Huawei, HiSi.
(R1-1906002)
	Proposal 1: After the initial DL TX timing setting, the DL TX timing for IAB node DU should be adjusted only by the subsequent T_delta update, rather by the TA update for IAB node MT.

	ZTE, Sanechips
(R1-1906456)
	 Proposal 1: In OTA-based case-1 timing alignment, the IAB node adjusts its DL-Tx timing at the starting of DL radio frame (n+k) after receiving the T_delta notification from parent in radio frame n. FFS on k.  
Proposal 2: To use MAC-CE to deliver T_delta. 

	Intel
(R1-1906793)
	[image: ]
Observation 1: TA is related to propagation delay (), fixed offset () and floating offset ().
Observation 2: is related to fixed offset () and floating offset ().
Observation 3: The relation of TA change and  change is as follows: 
· Whenever there is an update in the floating offset, both TA and will change their values. 
· Whenever there is an update in, there will also be an update in TA. 
· Whenever there is an update in TA, there may be change (if TA update is caused by) or not (if TA update is caused by). 
Observation 4: 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 from an IAB node to its child nodes in the following manner:
· Theinformation can be signalled with similar methods as the current TA signaling, i.e. carried over MAC RAR during initial access and MAC CE in connected mode.
· If theinformation is common for all the child IAB nodes, it can be broadcast to the child IAB nodes. 

	Samsung
(R1-1906933)
	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.

	Nokia, NSB
(R1-1907117)
	Observation 2: 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 3: IAB DU DL TX timing adjustment due the change of T_delta value, while the IAB DU is active, has to be done in a way that it does not affect the services of the access UEs.
Observation 4: 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: As the DU TX timing is a function of both NTA and T_delta, a new T_delta value is sent along with the update of NTA.
Proposal 4: It is up to RAN4 to decide about the timing adjustment while meeting the assumed synchronization accuracy requirements without affecting UEs.
Proposal 5: T_delta can be signaled with MAC-CE or SIB1 with preference for MAC-CE being straightforward extension to TA signaling and providing forward compatibility for possible IAB extension to mobile relaying.

	Qualcomm
(R1-1907268)
	Observation 1: In the context of the computation of the DL Tx timing estimate at an IAB node based on OTA synchronization to the parent node as DL_Tx_timing = DL_Rx_timing – (TA/2 + T_delta), for proper operation the parent node needs to set the value of T_delta to T_delta = - (NTA,offset + Δ )/ 2 where Δ is defined for TDD operation as Δ = GRx2Tx – NTA,offset.

Proposal 2: 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.




[bookmark: _GoBack]Offline Proposal #1: In Rel-16, an IAB node is not expected to perform OTA-based case-1 timing alignment withreceive T_delta from a parent when the IAB node MT is not in RRC_Connected mode with the parent.   
Feature lead notes: 
1). RAN2 has not yet decided whether the NR backhaul link is always-on or not. But Rel-10 LTE relay link is regarded as always-on in RRC_Connected state unless RLF happens and/or reestablishment fails. 
2). There seems no TA update procedure defined in TS38.304, which is for RRC_IDEL and RRC_INACTIVE. 

Offline Proposal #2: Choose one of following signalling solutions [in RAN1 #97] to indicate T_delta to IAB node.
· Alt-1: MAC-CE 
· Alt-2: RRC 

Feature lead notes:
· Benefits of MAC-CE: 
· Offer easy awareness of the reception timing of MAC-CE, which is useful to solve the issue of inconsistency between TA and T_delta. [ZTE]
· Provides the same/similar signalling mechanism as for TA, with which the T_delta is used. [Intel]
· Allow T_delta and TA to be indicated together/at the same time. [Intel, Nokia]
· Issues with MAC-CE: None is reported. 
· Benefits of RRC: It is convenient to support the CU (or other centralized node) to collectively determine the T_delta for multiple IAB nodes and inform the T_delta to these IAB nodes, i.e., the whole procedure stays in higher layer. [Huawei] 
· Issues with RRC: Usage of RRC would be complex by involving all IAB nodes in a (possibly) multi-hop chain up to IAB-donor. Consistency with TA and T_delta may be difficult to guarantee. [Nokia]
· Benefits of MIB/SIBx: Signalling overhead saving. [Intel, Nokia] 
· Issues with MIB/SIBx: 
· It seems difficult to maintain common T_delta at the parent node for multiple IAB nodes, given T_delta = Tp – TA/2, where TA is in granularity of 16Ts and Tp is one-way propagation delay having node-specific arbitrary value. So Tp – TA/2 is basically node-specific. 
· MIB/SIBx is not supposed to change over a long time. It is not clear whether the static duration of MIB/SIBx can meet the needs of TA/T_delta updating. 
· It is questionable how to guarantee forward compatibility if IAB is enhanced for mobile relays in future releases. [Nokia]

Offline Proposal #3: To avoid inconsistent TA and T_delta, choose one solution from following
· Alt 1: TA and T_delta are signaled together.
· Alt 2: Confine the TA and T_delta transmission within a limited timing window. 
· Alt 3: Add a non--update indication together with the TA signaling. 
· Alt 4: Do nothing in spec, assuming the timing error caused by inconsistency is either negligible or tolerable as a part of normal timing error. 
· Alt-5: Leave to implementation but with prerequisite of either of following
· To specify that the TA in (TA/2+T_delta) equals to the most recent time interval at the IAB node between the start of UL TX frame i and the start of DL RX frame i before T_delta is received; or
· To specify the delay on IAB node side between receiving T_delta and applying the T_delta.

Offline Proposal #3’
TA in (TA/2+T_delta) equals to the most recent time interval at the IAB node between the start of UL TX frame i and the start of DL RX frame i oncebefore T_delta is received.
· FFS whether certain implementations are needed to meet performance requirements for access UEs.  


Feature lead notes: 
1). RAN1 #96 agreed that “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”, which seems preventing, per specification wise, considerations of putting T_delta and TA either together or within a time window.   
2). It is also a bit difficult to justify the Alt 1, because T_delta is based on the NTA value before the child node follows the TA command accompanying with T_delta to update its UL-Tx timing. In other words, the two values (TA and T_delta) signalled together have no binding relation in the calculation of DL-Tx timing. 
3) For a pair of TA (=NTA,offset + NTA) and T_delta (=-1/2*( NTA,offset + NTA)+Tp) that are used together to calculate the DL-Tx timing adjustment, the inconsistency between the two values happens if, mathematically, the NTA component inside T_delta is not the same as the NTA component inside TA. 
· NTA in T_delta has an older version than NTA in TA: this means the parent node obtains T_delta first and then sends to IAB node a new TA command; for some reason the IAB node successfully receives the new TA command first so that the newly-adjusted TA is incorrectly paired with T_delta. There are two possible ways to avoid this: 
· Solution 1: To specify that the TA in (TA/2+Tdelta) equals to the most recent TA value before T_delta is received. Then it is parent’s implementation to ensure not to send a new TA command before the IAB node successfully receives T_delta, e.g., by receiving ACK from the IAB node. 
· Solution 2:  To specify the IAB node behaviour of (up to) when to apply the T_delta so that the parent node can be aware of when the T_delta and the correct TA are already used by the IAB node for its DL-TX timing adjustment. Then it is parent’s implementation to ensure not to send a new TA command before the IAB node applies T_delta.
· NTA in T_delta has a younger version than NTA in TA: This would not happen given the IAB node is always able to record the latest TA and every TA change would be reflected in T_delta.  
4) According to RAN2 spec TS38.321, each TA command starts or restarts a timer, whose expiration leads to clearance of all HARQ buffers and all DL/UL configured grants, as well as the release of PUCCH/SRS. So if the above mechanism on Uu link is reused on backhaul link, it is a fair assumption that a series of TA commands are required on backhaul link which may inevitably change the TA status over the time. Then there seems a need for the spec to tell how to pick one TA status to combine with T_delta.  

Issue #4: Whether it is needed to have certain metric to represent the DL-Tx timing accuracy of an IAB node? If yes, what should it be?  
	Company
(TDoc #)
	Observations and proposals

	NTT DOCOMO
(R1-1906204)
	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.

	ZTE, Sanechips
(R1-1906456)
	Proposal 3: It is supported that the IAB node derives and indicates to other IAB node its DL-Tx timing error range.

	Qualcomm
(R1-1907268)
	Proposal 3: An IAB nodes provides to its child nodes a measure of the reliability of its timing reference.



Offline Proposal #4: It is supported that an IAB/donor node provides a measure of the reliability of its DL-TX timing. FFS on the reliability measure from the following alternatives:
· Alt 1: The reliability measure is defined as the minimum hop order between the IAB node and any node X satisfying:
· The node X has accurate synchronization source; 
· The node X is on the topology path between the IAB node and one of its donor nodes; 
· There is no other node having accurate synchronization source on the topology path between the IAB node and the node X.   
· Alt 2: The reliability measure is defined as the DL-Tx timing error range. 
FL question: 
1) The “hop order” in Alt-1 was originally proposed in [2] to indicate the accuracy of T_delta. Does DOCOMO have the intention to use this “hop order” to indicate the DL-TX timing accuracy as well? 
2) Is there a need to make the IAB node capable of translating the “hop order” in Alt-1 to “timing accuracy” of DL-Tx?  If yes, is there anything having to be done in specification for such translation? 

Issue #5: Any coordination between the IAB node and other nodes (e.g., the parent) based on the timing being derived.  
	Company
(TDoc #)
	Observations and proposals

	Huawei, HiSi.
(R1-1906002)
	Proposal 5: To avoid time resource collision between backhaul link and access link, the IAB node should be able to report the timing offset between the IAB node MT DL Rx timing and the IAB node DU DL Tx timing to the parent node.
Proposal 6: To maximize the resource utilization ratio for backhaul link, the parent node and IAB node should determine the resource multiplexing pattern according to the timing offsets, where the timing offsets include the timing offsets between MT downlink to DU downlink, MT uplink and DU uplink, MT downlink and DU uplink, and MT uplink and DU downlink.

	NTT DOCOMO
(R1-1906204)
	Proposal 3: The IAB-node having accurate synchronization source can report on an error regarding the indicated T_delta value to its parent node.

	Nokia, NSB
(R1-1907117)
	Observation 1: Informing the parent node about the actual timing offset used at the IAB node is not solving the issue.
Proposal 1: Because of criticality of the 1st symbol of the DL slot, the parent node should be able to assume that the symbol is detectable by the IAB node.
Proposal 2: The issue#3 can be solved by IAB node implementation by puncturing the last DU TX symbol(s) to provide sufficient gap for TX/RX switching.




Issue #6:  From timing perspective, whether and how to treat a parent as a timing source?
Issue #7: Any timing functionalities in RAN1 scope for route selection and route redundancy?  
	Company
(TDoc #)
	Observations and proposals

	Huawei, HiSi.
(R1-1906002)
	Observation 1: The DL TX synchronization error can be mitigated by averaging the DL TX timing of multiple parent nodes.
Proposal 3: In case of route switching, to enable synchronization error averaging among multiple parent nodes, the child IAB node should report the offset between the DL TX timing from the old parent node and DL RX timing from the new parent node.
Proposal 4: T_delta should be determined by donor node taking the different TX synchronization accuracy of multiple parent node into consideration.

	NTT DOCOMO
(R1-1906204)
	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.

	Nokia, NSB
(R1-1907117)
	Proposal 6: RAN1 may consider if no specific behaviour is needed when BH link is changed to a new parent node.
Proposal 7: 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 later releases.

	Qualcomm
(R1-1907268)
	Proposal 1: The IAB node computes an estimate DL_Tx_timing_s of its DL Tx timing from each synchronization source s available to the IAB node.
The IAB node sets its DL Tx timing as DL_Tx_timing = DL_Tx_timing_s • ws where ws is an appropriate weight factor for source s.
FFS how to determine the weights ws .




Offline conclusions
Based on the offline discussion, the following observations/proposals are provided to online session for official agreements:
Offline agreement: 
In Rel-16, an IAB node is not expected to receive T_delta from a parent when the IAB node MT is not in RRC_Connected mode with the parent.   

Offline agreement
TA in (TA/2+T_delta) equals to the most recent time interval at the IAB node between the start of UL TX frame i and the start of DL RX frame i once T_delta is received.
· FFS whether certain implementations are needed to meet performance requirements for access UEs.  

Offline Proposal #2: Choose one of following signalling solutions [in RAN1 #97] to indicate T_delta to IAB node.
· Alt-1: MAC-CE 
· Alt-2: RRC 
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Annex A. RAN1 agreements in earlier meetings (WI phase only)
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
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