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Introduction
This paper provides a summary of offline discussion during RAN1 #99, aiming to have an agreeable CR text in TS38.213 for OTA-based case-1 timing.
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.
TS 38.213 CR text discussion on case-1 timing
The current CR text in TS 38.213 for the case-1 timing is outlined as following: 
If an IAB-node is provided a value . The IAB-node may advance its transmission time based on  when , relative to the IAB-node MT reception time where  and  are obtained as for a “UE” in Subclause 4.2.	Comment by Aris Papasakellariou 4: This implements the agreement according to the editor’s interpretation after refinements on the reflector. Different views were offered during the discussions. Discussions can continue in RAN1.
There are two issues identified during the email approval procedure before RAN1 #99: 
1). It is not clear enough that the “its transmission time” refers to the DU transmission time (i.e., from wording itself perspective, it can refer to the transmission time on MT UL). 
2). It was pointed out in the email discussion that, 
·  is a reference TA. From RAN1 perspective, there is no difference between reference TA and actual TA. But in RAN4 specification (TS38.133), autonomous UL Tx timing adjustment is defined, which does not change  (given  is maintained by RAN1 spec) but changes the actual UL Tx timing (or equivalently the actual TA). Meanwhile,  is measured against actual UL-Rx timing in parent, which further depends on actual Tx timing and therefore actual TA in child node. Therefore, autonomous UL Tx timing adjustment is not cancellable in  and then becomes a DL Tx timing error. 
· RAN1 agreements on case-1 timing never explicitly says  , but TA/2+T_delta as always.    
During the RAN1 #99 official offline session, three alternatives of text correction were discussed. 
Alt-1: The current CR text remains accept for wording “downlink” being added to “its transmission time”. The proposed text is:  
If an IAB-node is provided with a value ,. Tthe IAB-node may advance its IAB-node DU transmission time based on  when , relative to the IAB-node MT reception time where  and  are obtained as for a “UE” in Subclause 4.2.
· Reasons to support Alt-1: The DL-Tx timing error introduced by autonomous UL-Tx timing adjustment can be either tolerable or somehow handled by techniques such as filtering. So it is ok to use . 
· Concerns upon Alt-1: Even with filtering, the DL-Tx timing error could be smaller by using simple wording correction as stated in Alt-2. 

Alt-2: To replace  with certain TA notation, which allows it being interpreted as actual TA in the RAN4 spec context. The proposed text is:   
If an IAB-node is provided with a value , the IAB-node may advance its IAB-node DU transmission time based on  relative to the IAB-node MT reception time, when , where  is obtained as for a “UE” from the time interval between the start of uplink frame and the start of the corresponding downlink frame, as defined in Subclause 4.3.1 of [38.211].
· Reasons to support Alt-2: It allows the autonomous UL-Tx timing adjustment defined in RAN4 being covered within  and therefore somehow cancelled in , which can reduce the potential DL-Tx timing error caused by the other way around (i.e., the autonomous UL-Tx timing adjustment is not contained in ).  
· Concerns upon Alt-2: There is no strong need to modify existing CR text given it is correct from RAN1 perspective. In addition, if  intends to cover the meaning of actual TA, it may not be compatible to the existing RAN1 specification for TA, or the definition/concept of autonomous UL-Tx timing adjustment may enter RAN1 spec.  

Alt-3: To make  as one-way propagation delay estimation, rather than an adjustment amount for DL-Tx timing. The following text was proposed in email discussion before RAN1 #99: 
If an IAB-node is provided with a value  , the IAB-node may assume  is an estimation of propagation delay between the IAB node and its parent node, when , where  and  are obtained as for a “UE” in Subclause 4.2.
· Reasons to support Alt-3: The autonomous UL-Tx timing adjustment, which is known to the IAB node, can be compensated in using one-way propagation delay estimation to adjust DL-Tx timing. This is an implementation issue and spec transparent. So it is ok to just mention the timing amount based on reference TA.   
· Concerns upon Alt-3: There seems no strong need to introduce a behaviour step of “one-way propagation delay estimation”. 

As of Tuesday, the email discussion focuses on the following two alternatives.
Alt-1: 
For the TS38.213 CR text on IAB case-1 timing, to adopt following along with a note in meeting minutes: 
If an IAB-node is provided a value , the IAB-node may advance its IAB-node DU transmission time based on  when , relative to the IAB-node MT reception time where  and  are obtained as for a “UE” in Subclause 4.2.
Note: The above text is considered correct from RAN1 perspective. Meanwhile, it is RAN1’s understanding that using the actual TA instead of reference TA in  could help in practice to reduce the DL-Tx timing error caused by the RAN4-defined autonomous UL-Tx timing adjustment as well as any UL-Tx timing advance error. 

Alt-3: 
If an IAB-node is provided a value , the IAB-node may assume that  is a time difference between a DU transmission of a signal from a node providing the   and a reception of the signal at the IAB-node MT when , where  and   are obtained as for a “UE” in Subclause 4.2. The IAB-node may use one or multiple such time differences in the determination of its DU transmission timing that is assumed to be the same as DU transmission timing of the node(s) providing the .


[bookmark: _GoBack]Conclusion from Wednesday offline session
If an IAB-node is provided a value  from a serving cell, the IAB-node may assume that  is a time difference between a DU transmission of a signal from a node the serving cell providing the   and a reception of the signal at the IAB-node MT when , where  and   are obtained as for a “UE” in Subclause 4.2. 

In offline discussion, the following text is considered not needed, though it is kept for information to editor: 
The IAB-node may use one or multiple such such a time differences in the determination of its DU transmission timing that is assumed to be the same as DU transmission timing of the node(s) providing the .

 

Annex A. RAN1 agreements in earlier meetings (WI phase only) 
RAN1 #98bis
Agreements:
· From RAN1 perspective, Rel-16 NR IAB does not introduce signalling of accuracy/quality measure for IAB node DL-Tx timing.

Agreements:
An IAB node with multiple parents treats each parent as a separate synchronization source. The IAB node can also treat RAT-independent sources such as GNSS (if used) as a separate synchronization source. 
· It is up to implementation how an IAB node determines its DL-Tx timing from multiple tentative DL-Tx timing, each of which is derived based on one synchronization source. 

Agreements:
· For the TA and T_delta in (TA/2+T_delta), Opt-A is adopted with the following update:
· Opt-A: T_delta is given by the latest T_delta signaling, and TA isrepresents the currentactual 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. 
· Note: it is understood that for T_delta, TA/2, and (TA/2+T_delta), they may be either current time interval or filtered over the latest two or more time intervals, up to implementation. If the filtering is applied, the resulting performance is intended to be improved (it doesn’t necessarily mean that there will be the corresponding RAN4 requirements, up to RAN4)  no RAN1 spec impact

Agreements:
· For the signalling to carry T_delta, MAC_CE is used
Send an LS to RAN2 informing the above two agreements – Wenfeng (ZTE), R1-1911497, updated to R1-1911546, which is endorsed by removing “Send an LS to RAN2 informing the above two agreements.” And by adding CCing to RAN4), with final LS in R1-1911548.  In the LS, also adding a note:
· There was one company raising concerns of the signalling reliability of using the MAC_CE to signal T_delta (causing misalignment between the parent and the child nodes), comparing with using the RRC approach, although some other companies commented that there are some ways to alleviate the concerns (e.g., by repeating the MAC_CE, by signaling T_delta along with TA command, etc.). There was another company raising concerns whether there is a need for the signaling as frequently as that can be offered by MAC_CE.

RAN1 #98
Agreements:
· 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
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 B. RAN1 definition of timing advance in 38.211



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].



Figure 4.3.1-1: Uplink-downlink timing relation.
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