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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
Further discussions
It is agreed in earlier RAN1 meetings that the DL Tx timing of an IAB node is set to (TA/2 + T_delta) ahead of its DL Rx timing, which is the DL Tx timing of the parent delayed by one-way propagation delay.
Denote the following for further timing analysis in this paper:
· : the DL-Tx timing at parent node at time t;
· : the detected DL-Rx timing at IAB node at time t;
· : the UL-Tx reference timing at IAB node at time t, satisfying  according to [7.1, TS38.133];
· : the actual UL-Tx timing at IAB node at time t, satisfying  according to [7.1, TS38.133];
· : the detected UL-Rx timing at parent node at time t;
· : the DL-Tx timing at IAB node at time t.
Per definitions of TA and T_delta agreed in earlier meetings, , and , where TA and T_delta are measured by IAB node and parent node at time of ta and td, respectively. In addition, it is a fair assumption that the IAB node measures TA once it applies the received T_delta, which makes the TA information mostly recent, that is to say, td < ta. Given above, the DL-Tx timing at the IAB node that is adjusted at time tn(=ta) is  
	
=                            (1)
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Assume both DL-Tx timing at the parent and DL-Rx timing at the IAB node are stable during the procedure of adjusting DL-Tx timing of IAB node, the DL-Tx timing difference between two adjacent hops is given by 
                              (2)          
In (2),  corresponds to an estimation of one-way propagation delay on backhaul DL (), and  corresponds to an estimation of one-way propagation delay on backhaul UL (). Even though  is inevitably a random value, it is desirable to make its mean as much close to zero as possible. There can be two factors that may cause  to be biased from zero. 
· The channel power delay profiles for the strongest path are sufficiently different between backhaul DL and backhaul UL, which may only possibly happen in a FDD spectrum. However, this issue breaks the fundamental assumption of OTA-based case-1 timing mechanism which is based on (TA-Tg)/2 adjustment, and therefore is suggested not to be handled by the mechanism itself from specification perspective. 
· Even with the same channel power delay profile between backhaul DL and backhaul UL,  can still be an incorrect representation of one-way propagation delay when  and  are out-of-sync, i.e., is driven by a UL-Tx timing differently from , which may happen when within interval of [td,ta]: 
· There is another TA command applied to IAB node’s UL Tx timing. According to [4], this can be avoided if the parent node knows when, as the latest, the IAB node should apply the T_delta to its DL-Tx timing adjustment. 
· [bookmark: _GoBack]The IAB node autonomously adjusts its UL Tx timing by a very small time amount according to [7.1, TS38.133]. Because this adjustment amount is small (up to 5.5*64*Tc ~ 0.2µs per one adjustment and per aggregated adjustment in 200ms) and can be either positive or negative in somehow the random sense, it can be fairly considered as a timing error within  or . 
T_delta signalling and time for applying T_delta
It is mentioned above to be beneficial to allow the parent node knowing when the IAB node applies the T_delta to its DL-Tx timing adjustment, or equivalently knowing the delay between receiving the T_delta notification from the parent node and applying T_delta. In addition, because quite some UE/MT PHY layer behaviors count on the timing integrity within radio frame, it is better to restrict the DL-Tx timing adjustment at the radio frame boundary. 
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.  
In order to support above timing relation from frame n to frame n+k, it is better to use MAC-CE to deliver T_delta, because using RRC to carry T_delta will make it difficult to fulfill the k-frame delay given the processing time of RRC signaling in higher layer is usually not well specified. 
Proposal 2: To use MAC-CE to deliver T_delta. 
Case-1 timing error propagation in multi-hop topology
Following up equation (2), the DL-Tx timing error variation of the IAB node, , can be decomposed as
                                                                             (3)
where for OTA-based timing alignment,
· is the DL-Tx timing error at the parent node; 
·  counts for the timing errors occurring at the parent and relating to T_delta measurement; 
·  represents the quantization error for signalling T_delta; 
·  is the timing errors occurring at IAB node and relating to TA, including measurement error for  and UL-Tx timing error as mentioned above. 
In a multi-hop IAB network, it is beneficial, for timing management purpose, to label each IAB node with certain timing reliability metrics. There are basically two options in the past RAN1 discussion:
· Option-1: Each IAB node has the ability to derive and to indicate to other IAB node its own . In this option, the two IAB nodes on the same hop order (but not necessarily with the same parent) may have different , even if no IAB node in topology tree relies on GNSS for timing alignment. The option-1 may or may not need the signaling support of indication of . If there is no signaling designed for , it is assumed RAN4 would have certain measurement accuracy requirement upon T_delta, which can be commonly used by IAB node in the timing error derivation. If the signaling of  is desirable, it can be carried in RRC to represent the long-term statistics of timing error variance, instead of associating with certain specific T_delta delivered in MAC-CE. 
· Option-2: Each IAB node does not explicitly associated with a quantity of . The two IAB nodes on the same hop order (but not necessarily with the same parent) counted from certain nodes relying on GNSS are considered to have the same DL-Tx timing accuracy. In this case, the hop order from a node relying on GNSS timing, rather than , can be used to implicitly indicate the DL-Tx timing accuracy.  
From signaling perspective, the two options can be similar: the IAB nodes need to communicate for  in Option 1 and a specific hop order in Option 2 (due to a need for an IAB node equipped with GPS to temporarily lose GPS timing functionality). On the other hand, Option-2 may rely on RAN4-defined single-hop timing requirements, which represent the worst-case timing accuracy, to derive multi-hop timing information. In contrast, Option-1 has following advantages:
· To allow node-specific timing error indication which can be more accurate than RAN4 worst-case requirement.
· To give direct quantitative indication of whether the IAB node, when attaching to its parent, can still fulfill the network synchronization requirement (e.g., within 3µs error range). 
· To provide better estimation about DL-Tx timing stability.   
Proposal 3: It is supported that the IAB node derives and indicates to other IAB node its DL-Tx timing error range.  
It should be noted that the following steps relating to equation (3) can be based on implementation and therefore not necessarily specified. 
· How the parent determines  and how the IAB node determines ;
· How the IAB node derives its based on  of its parent,  and , i.e., the equation (3) itself, at least for single parent case. 
Conclusions
Based on the discussion, we have the following observation and proposals:
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.
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