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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 #96bis [2]~[10], as well as the offline discussion during RAN1 #96bis, 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.
(R1-1903939)
	Observation 1: When the DL TX timing of IAB node is not set by the parent node, the parent node should be aware of the effective timing offset of the IAB node to avoid possible resource collisions.
Observation 2: 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 not be adjusted by the subsequent TA updating of MT.
Proposal 2: For DL TX timing updating, the maximum and minimum steps of timing adjustment should be specified by RAN4.
Proposal 3: The IAB node should re-adjust its local DL TX timing in case of local crystal oscillator drift, and the requirements for the timing adjustment should be specified by RAN4.
Proposal 4: In case of route switching, to enable synchronization error average among multiple parent nodes, the IAB node should send the gap between the DL TX timing from the old parent node and DL RX timing from the new parent node.
Proposal 5: T_delta is configured by RRC signaling, and the following procedure should be supported:
· After the initial access of IAB node MT, the parent node estimates the propagation delay, and calculate 
· If the DL TX timing of IAB node has been set by an old parent node, the IAB node can report , i.e. the timing gap between the DL TX timing from the old parent node and DL RX timing from the new parent node,  to the new parent node
· Parent node sends  and  to the donor node
· The donor node updates , and send it back to the parent node
· Parent node sends the updated  to the IAB node

	Intel
(R1-1904293)
	Observation 1: The IAB node’s DL TX timing is always Tp ahead of its DL RX timing. 
Proposal 1: The T_delta information can be signalled from an IAB node to its child nodes in the following manner:
· The T_delta information 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 the T_delta information is common for all the child IAB nodes, it can be broadcast to the child IAB nodes. 

	Samsung
(R1-1904418)
	Observation 1: If TA/2 + T_delta is negative timing offset, the child IAB DU regards the timing offset as invalid one and discards the negative timing offset. 
Observation 2: 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
(R1-1904643)
	Observation 1: The child node DU TX timing adjustment can be handled with proper TA control loop implementation and T_delta signaling considering the actual used switching gap at the parent node.
Observation 2: The TA control can be considered to be stabilized during the IAB connection setup and integration phase 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.
Proposal 1: T_delta signaling jointly with TA control is sufficient for IAB node synchronization.
Proposal 2: The time when to send the initial T_delta value can be left for implementation.
Proposal 3: The initial value of T_delta can be applied as such for the DU TX timing when the IAB DU operation is activated.
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: RAN1 is asked to discuss whether the IAB node synchronization in the multi-connectivity scenario needs to be specified or can it be left for implementation.

	ZTE, Sanchips
(R1-1904813)
	Proposal 1: RAN1 selects one assumption from following two options, before looking into delay of applying T_delta and signaling carrying T_delta. 
· Option 1: The change of TA at child node causes the change of T_delta at parent node.  
· Option 2: The change of TA at child node does not cause the change of T_delta at parent node.  
Proposal 2: Each of IAB node and donor node signals to the child IAB node its own estimated DL-Tx timing variation on child link, where this timing variation represents the statistics variation from the “ideally synchronized network wide” DL-Tx timing. 

	Ericsson
(R1-1904835)
	Observation 1: Assuming ideal transmission, detection and system capabilities, (TA/2 + T_delta) would be identical to the propagation delay between parent and IAB-node.
Observation 2: If the IAB-node misses timing advance update commands in combination with the parent signaling changes of T_delta, (TA/2 + T_delta) could turn out negative.
Proposal 1: In case an IAB node is signaled timing adjustment information leading to a negative timing adjustment term (TA/2 + T_delta), the IAB-node’s DL transmission timing should be set to its DL reception timing or to the last used DL transmission timing, before the negative occurrence of (TA/2 + T_delta).

	NTT DoCoMo
(R1-1904956)
	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
(R1-1905007)
	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_Rx_timing – (TA/2 + T_delta) the value of T_delta should be computed as T_delta = Δ / 2 where Δ is the offset between the downlink timing and the uplink timing at the parent node, which is defined for TDD operation as Δ = GRx2Tx – NTA,offset.

Proposal 2: T_delta is computed as T_delta = - (GRx2Tx – NTA,offset) / 2, where GRx2Tx is the UL Rx to DL Tx switch time used at an IAB node.

Observation 2: The value of T_delta has no bearing on the accuracy of the DL Tx timing estimate, provided the IAB node selects Δ appropriately.

Proposal 3: 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.


Additionally, the following paper is submitted to agenda item 7.2.3.5 but is relating to the subject in agenda item 7.2.3.4
	Ericsson
(R1-1905596)
	Conclusion: The LS is related to RRM for IAB, which is not on the agenda in RAN4#90-Bis (April 2019, Xi'an, China). RAN4 is therefore not expected to treat the LS in the coming RAN4#90-Bis. RAN1 should consider the opportunity of an update of the LS that is more aligned with current 3GPP terminology in order to support RAN4 in providing a timely response.


Based on submitted contributions and above-mentioned observations/proposals, some commonly-interested and/or necessary-to-discuss issues are listed below. 
	Timing derivation related 
	Issue #1: How to calculate T_delta?
Issue #2: What if the calculated TA/2+T_delta is negative? 

	Coordination based on timing being derived
	Issue #3: Should the IAB node inform the parent of the propagation delay being derived?  

	Signaling and delay of T_delta
	Issue #4: Should the IAB node and parent have some coordination for indication of T_delta conditioning on no explicit handshake? 
Issue #5: Signaling for T_delta
Issue #6: Delay between reception of T_delta signaling and application of T_delta

	Timing with multi-parents
	Issue #7: Whether to need a metric for DL-Tx timing accuracy, which is better to be common for OTA-based timing alignment and GNSS-based timing alignment? 
Issue #8:  From timing perspective, whether and how to treat a parent as a timing source?
Issue #9: Any timing functionalities in RAN1 scope for route selection?  
Issue #10: Any timing functionalities in RAN1 scope for route redundancy?



In details, 
Issue #1: Clarification on how T_delta is obtained at the parent node. 
· Reasons for discussion: Based on earlier RAN1 agreement (An IAB node should set its DL TX timing ahead of its DL Rx timing by TA/2 + T_delta), there could be just one way to interpret T_delta. But RAN1 has not yet officially defined it even though it shows up in LS to RAN4 in a conditional case.
· It is proposed in [9] (Qualcomm) that RAN1 explicitly clarifies how T_delta is derived.  
· The clarification of T_delta depends on the understanding upon TA, for which people came up with two different understanding in the past, either TTA or NTA, due to their occurrences in TS38.211 as following: 



“Uplink frame number  for transmission from the UE shall start  before the start of the corresponding downlink frame at the UE where  is given by [5, TS 38.213].”

Issue #2: Handling of negative TA/2 + T_delta
The views shown in contributions are summarized as following. 
· TA/2 + T_delta is always positive or controllable to be positive: Intel [3] (theoretically equal to one-way propagation delay, which is positive); Nokia [5] (by joint control of T_delta and TA)
· TA/2 + T_delta can be negative: Samsung [4] (discard negative setting), ZTE(discard negative setting),  Ericsson [7] (the negative value may happen if the IAB-node misses timing advance update commands in combination with the parent signaling changes of T_delta, discard negative setting or reset it to 0).

Issue #3: The IAB node informs its parent of the calculated TA/2+T_delta.  
· Reasons for discussion: 
· If the received slot boundary on MT downlink is earlier than the ending of DU_TX-to-MT_RX switching, the symbol #0 may not be available, otherwise symbol #0 is available. Then both IAB node and its parent should have the common understanding of this 1st symbol availability (Huawei [2]).  


Figure from [2] concerning the 1st symbol on MT downlink after DU_TX-to-MT_RX switching

Issue #4: Dependency between DL_Rx-to-UL_Tx gap at the child node and DL_Tx-to-UL_Rx gap at the parent node. 
· Reasons for discussion: As mentioned in [6] (ZTE), the different interpretations of the dependency may affect the considerations for issues #5 and #6.
·  Views from the contributions:
· There is consistency requirement between TA and T_delta: ZTE [6], Qualcomm [9]
· There is no consistency issue between TA and T_delta:

Issue #5: Signaling for T_delta
The views shown in contributions are summarized as following. 
· RRC signaling: Huawei [2].
· MAC RAR and MAC-CE: Intel[3], ZTE[6] (if consistency requirement exists between TA and T_delta) 
· MIB/SIB1 or group-common PDCCH (if T_delta is common for all child nodes): Intel[3] 

Issue #6: Delay between reception of T_delta and application of T_delta at child node
The views shown in contributions are summarized as following. 
· The delay is within a fixed window: Samsung [4], ZTE [6],
· The delay window length is left to RAN4: Samsung [4].
· The time of sending T_delta can be left for implementation and the application of T_delta can be at the time of child DU activation, under the condition that the child node MT TA control is stable: Nokia [5].   

Issue #7: Assistant information reflecting parent node DL-Tx timing accuracy to be sent to other nodes.
· Reasons for discussion: such assistant information may help a base mechanism in multi-parent scenario, relating to issues #9 and #10. 
· Proposals shown in contributions for the assistant information: 
· The hop order from a node having accurate synchronization source (e.g., GNSS): NTT DOCOMO [8];
· The estimated variation of DL-Tx timing from the ideal DL-Tx timing: ZTE [6];

Issue #8: It is proposed in [9] (Qualcomm) that each parent node can be treated as an OTA-based synchronization source, together with the GNSS (if equipped) as another synchronization source in a unified framework. This also looks compatible to proposals in issue #7, where the assistance information does not treat different synchronization sources (OTA or GNSS) in different ways.   

Issue #9: DL-Tx timing in the context of route selection. 
The views shown in contributions are summarized as following. 
· The DL-Tx timing after switching to the new parent is derived from timing information associated with both old parent and new parent: Huawei [2] (IAB node reports to the new parent the time gap between DL-Tx timing associated with the old parent and the DL-Rx timing associated with the new parent).
· The DL-Tx timing after switching to the new parent is derived from timing information associated with the new parent but not with old parent: ZTE [6] (but the switching itself should be validated against certain condition of DL-Tx timing accuracy, as mentioned in issue #7). 

Issue #10: DL-Tx timing in the context of route redundancy. 
The views shown in contributions are summarized as following. 
· The DL-Tx timing is derived based on timing information associated with all/multiple parents: Huawei [2], Nokia [5] (belong to implementation), ZTE [6] (only need to provide specific timing information, the derivation is left for implementation), Qualcomm [9] (multiple parents are treated as multiple synchronization sources for a weighted combination). 
· The DL-Tx timing can be derived based on timing information associated with any parent: Nokia [5] (assume any parent would result in the timing that meets the synchronization requirement, then still an implementation issue).

Issue #11: It is mentioned in two contributions (Huawei [2], Nokia [5]) that the stability of DL-Tx timing setting based on OTA-based adjustment may need special care in RAN4, concerning the impact to operations of UE and child node MT. 
· Reasons for discussion: The question here could be whether the RAN4 progress on this matter (if any) could reversely impact the existing RAN1 agreement on “An IAB node should set its DL TX timing ahead of its DL Rx timing by TA/2 + T_delta”, e.g., here whether “TA/2 + T_delta” might need to be replaced by “a function of TA/2 + T_delta” to allow additional control introduced by RAN4. 

Offline discussions
This section captures the offline discussion information (if any necessary, except the offline conclusions listed in section 3) identified to be helpful to assist online discussion. 

Offline conclusions
Based on the offline discussion, the following observations/proposals are provided to online session for official agreements:
Offline agreement:  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 to inform above agreement with timing clarification. (Xinhua, Huawei)  
Offline agreement: In case the calculated TA/2 + T_delta at IAB node is negative, the IAB node should not adjust its DL-Tx timing. 
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Annex A. RAN1 agreements in earlier meetings (WI phase only)
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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