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Introduction
This contribution further discusses OTA based case-1 timing on IAB backhaul, based on the following agreements made in earlier RAN1 meetings.
Agreements [RAN1 #96]:
· 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
Agreements [RAN1 #96b]:
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. ……
Final LS in R1-1905842
Agreements [RAN1 #98]:
· 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
There is also a RAN1 email discussion on case-1 timing analysis [4], which focuses on the DL-Tx timing accuracy performance, where the DL-Tx timing error of the IAB node is the difference between DL-Tx timing of the parent node and the DL-Tx timing of the IAB node. It is shown that whether the T_delta is used as a “target value” or an “actual value” would have different impacts on the DL-Tx timing accuracy. To be more specific, 
· If T_delta is an “actual value” (scheme-1 in [4]), the DL-Tx timing error is more related to the T_delta granularity. 
· If T_delta is a “target value” (scheme-2 in [4]), the DL-Tx timing error is more related to the TA granularity and gradual UL-Tx timing adjustment error that is upper-bounded by Te as defined in TS38.133. 
According to the current specifications on TA granularity, gradual UL-Tx timing adjustment and RAN4’s agreements on T_delta granularity, using T_delta as “actual value” allows better DL-Tx timing accuracy performance. 
Several pending issues
Down-select between Opt-A and Opt-B
As analyzed in [4], applying the average of TA in the one-way propagation delay estimation, as [average(TA)/2+T_delta], could generate additional error accumulations in the final DL-Tx timing formulation, and there is no guarantee these new error accumulations can be reduced to zero. In addition, the original motivation of TA averaging is to mitigate the inconsistency issue as well as the need of sending T_delta as frequently as TA command when T_delta is considered as “actual value”. However, the TA averaging results in a DL-Tx timing error that could be on the same level as when T_delta is not sent as frequently as TA or the consistency condition is not met, so the need of using TA averaging is not justified. Even for now when TA averaging is applied only to the case where T_delta is interpreted as “target value”, there is no analytical relationship between “target T_delta” and TA averaging, in other words, Tp-average(TA)/2 may not be equal to target T_delta at all due to TA granularity and gradual UL-Tx timing adjustment error. At last, it remains questionable whether the TA averaging can still work when the whole case-1 timing mechanism is applied to mobile relay use case.  
Proposal 1: Do not estimate one-way propagation delay based on TA averaging.
For Opt-A, as provided by RAN1 #98 agreement, “T_delta is given by the latest T_delta signaling”. This T_delta can be either “target value” or “actual value”. The analysis in [4] already provides sufficient information about the timing error comparison between the two different interpretations of T_delta. For the performance consideration, we think the following two solutions (namely Opt-A1 and Opt-A2) can be further considered in RAN1. 
	
	Opt-A1
	Opt-A2

	Parent node interpretation of T_delta 
(this can be RAN1 spec transparent)
	T_delta is interpreted as “actual value”.
	T_delta is either “actual value” or “target value”, per parent node implementation. How frequently T_delta is sent is also per parent node implementation. 

	IAB node behavior
(this is what RAN1 should further agree and what could be reflected in spec)
	The estimation of one-way propagation delay is triggered only by T_delta reception.
	The estimation of one-way propagation delay is triggered by both T_delta reception and TA command reception.

	Impact from TA/T_delta granularity to DL-Tx timing error
	Impacted by T_delta granularity
	Impacted by T_delta granularity or TA granularity depending on how the parent node signals TA and T_delta.


Table 1 Two further solutions under Opt-A
Both Opt-A1 and Opt-A2 are meaningful. Therefore one way to go forward within specification is to make the selection of the two under control of configuration, i.e., by configuring the one-way propagation delay estimation triggered only by T_delta reception or additionally by TA command reception.  
Proposal 2:  Besides T_delta reception, IAB node can be configured to additionally use TA command reception to trigger one-way propagation delay estimation. 
For both Opt-A1 and Opt-A2, the T_delta delivery may need to use MAC-CE in order to allow sending T_delta as frequently as TA command to minimize the synchronization error. 
Proposal 3: To use MAC-CE to deliver T_delta. 
Indication of DL Tx timing accuracy
RAN4 #92 agreed that, 
· RAN4 would like to confirm that the requirement of OTA synchronization (OTA-S) accuracy for IAB node will not be specified.
· RAN4 would like to confirm that synchronization accuracy requirement defined in the current specification (TS38.133, Section 7.4) should also be applied for multi-hop scenarios for IAB. It should be noted that in Rel-15, cell phase synchronization accuracy for TDD is defined as the maximum absolute deviation in frame start timing between any pair of cells on the same frequency that have overlapping coverage areas. Cell phase synchronization accuracy measured at BS antenna connector shall be better than 3us.
Therefore the IAB topology network would still assume 3us as network synchronization requirement. 
The indication of DL-Tx timing accuracy for each donor/IAB node is considered with following use cases: 
· The DL-Tx timing accuracy indications of the multiple parent nodes can be used by the IAB node in case the DL-Tx timing of the IAB node is desired to be more influenced by certain parent node whose DL-Tx timing is more accurate than the DL-Tx timing of other parents. In other words, the DL-Tx timing accuracies of the parent nodes could become a set of weights in derivation of IAB node DL-Tx timing. 
· The DL-Tx timing accuracy can be also used as a benchmark in decision whether a new IAB node should be added to IAB topology as a leaf node. In general, if the DL-Tx timing accuracy of the IAB node on n-th hop can be informed to potentially new child node on (n+1)-th hop, this new child node would know whether its own DL-Tx timing, after attaching to the parent node, would meet the network synchronization requirement or now.   
There are two concrete formulations of DL-Tx timing accuracy indicated by one IAB node to others: 
· Alt-1: The DL-Tx timing accuracy is represented by the number of hops between the IAB node and the nearest GNSS-equipping node on the ancestor path up to the donor node.
· Alt-2:  The DL-Tx timing accuracy is represented by the DL-Tx timing error range relative to a reference central timing. The IAB nodes in the same IAB topology tree share the same reference central timing, and the IAB node derives its own DL-Tx timing error range based on the DL-Tx timing error range of its parent and the long-term timing difference range between DL-Tx timing of its parent and DL-Tx timing of its own. The example of latter one is T_delta quantization error plus hardware error for earlier-mentioned Opt-A1. According to RAN4 agreement, one IAB node fails the network synchronization requirement if its DL-Tx timing error range exceeds 1.5us.      
Both alternatives can have the corresponding indications to be sent in RRC, or even IAB-specific SIB IE if any. 
The issues with Alt-1 include: 
· It pre-assumes the DL-Tx timing of an IAB node is either obtained from GNSS or derived from OTA, but never jointly. This could impose the implementation restriction. 
· It is not clear how to tell the difference on DL-Tx timing accuracy of an IAB node between the two cases: in one case two parent nodes have GNSS as timing source; in the second case two parent node have GNSS source and OTA source respectively. 
· The hop order as Alt-1 indicator cannot be directly used as weight in multi-parent case to derive the DL-Tx timing.    
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. 
DL-Tx timing derivation in multi-parent case 
TS38.133 states the following in section 7.1.2.1: 
When the transmission timing error between the UE and the reference timing exceeds Te then 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.
Therefore, the Rel-15 TA mechanism is performed in respective of reference cell, but not necessarily every serving cell. If one parent node is just serving cell but not reference cell for an IAB node, the estimation of one-way propagation delay between the IAB node and the parent node can only rely on scheme 1-2 and scheme 2-2 in [4], i.e., the TA is actual TA. 
· The problem with scheme 1-1 and scheme 2-1 is that the reference TA is the time interval between UL-Tx associated with serving cell and DL-Rx associated with reference cell, which may not give consistent one-way delay on DL and one-way delay on UL. 
Whenever one IAB node communicates with multiple parent nodes, as one typical implementation example, the IAB node can derive multiple DL-Tx timings, each of which independently based on <DL-Rx timing, indicated T_delta, local TA> associated with each parent. Denote the derived DL-Tx timing associated with i-th parent as . The IAB node can also derive the corresponding DL-Tx timing error range, as discussed earlier, for each derived DL-Tx timing for each parent. Denote such DL-Tx timing error range as . Assume the ideal DL-Tx timing (denoted as x) should be the one satisfying MMSE criteria against derived DL-Tx timing for all N parents, i.e., x should be solution of the following MMSE formulation: 

Even though the error term  are not i.i.d Gaussian with zero mean, they can be firstly assumed to be independent for simplicity purpose (note that  are in fact correlated since the error term for two parents may share the same error component coming from the same grand-parent), and then whitened by taking  as a whitening parameter. Then the problem becomes a canonical MMSE problem. 
It should be pointed out that, the DL-Tx timing error range () is not a must-have input. In case of its absence, the IAB node could just assume one based on its own criteria, such as the worst-case error range or average of error ranges associated with other parents. 
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. 
Conclusions
Based on the discussion, we have following observations and proposals:
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. 
[bookmark: _GoBack]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. 
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