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Introduction
This paper provides a summary of remaining issues identified for IAB case-1 timing, based on contributions submitted to RAN1 #100-e, aiming to have an agreeable set of critical issues that are to be solved in RAN1 #100-e 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.
The current RAN1 specifications in TS 38.213 for IAB case-1 timing is copied below for quick reference. 
 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 the serving cell and a reception of the signal by the IAB-node MT when , where  and  are obtained as for a “UE” in Subclause 4.2. The IAB-node may use the time difference to determine a DU transmission time.





Summary from the company contributions
There is only one company contribution, R1-2000798, under AI 7.2.3.4, discussing two issues: 
· The indication of TAG ID in MAC-CE along with T_delta signaling;
· The indication of SCS in MAC-CE along with T_delta signaling.
FL suggests to consider both issues as essential for RAN1 discussion, because both relate to RAN2 signaling definition. 
	Company
(TDoc #)
	Views, observations and proposals

	Nokia, NSB.
(R1-2000798)
	Proposal 1: The Timing Delta MAC CE shall contain TAG ID and the IAB node shall use the T_delta and TA corresponding to the same TAG ID when calculating . 
Proposal 2: The timing Delta MAC CE shall contain SCS (15, 30, 60, 120 kHz) to enable interpreting the T_delta field in the MAC CE. 
Proposal 3: Send an LS to RAN2 with the following agreements. 
· The Timing Delta MAC CE shall contain TAG ID (2 bits) which is similar to the TAG ID used by the TA command MAC CE for the corresponding serving cells. 
· The timing Delta MAC CE shall contain SCS (15, 30, 60, 120 kHz) to enable interpreting the T_delta field in the MAC CE. 
· Four out of five Reserved bits in the MAC CE can be used to support the above. 



Preparation phase discussion
3.1 Regarding to TAG ID information in Timing Delta MAC-CE
There should be no question on the logic that “the IAB node shall use the T_delta and TA corresponding to the same TAG [ID] when calculating ”, which is the 2nd part of proposal 1 in R1-2000798. The question is whether the current RAN1/RAN2 specification may leave a chance to break this timing logic and, if yes, whether the explicit TAG ID in MAC-CE is the best solution. 
FL suggests to discuss following questions Q1-1 and Q1-3. 
Q1-1: Should the following issue be considered valid and unsolved? 
· An IAB node receives multiple streams of TA commands with each stream of TA commands for one different TAG, while the IAB node cannot tell, with current RAN1/RAN2 specifications, which stream or TAG that a T_delta indication should associate with.  Note: TAG ID is contained in Timing Advance Command MAC CE. 
Q1-2: If the answer to Q1-1 is YES, what solution (including but not limited to explicit TAG ID indication in Timing Delta MAC-CE) can be considered for further discussion in RAN1? Please also indicate as part of answer if people believes the decision should be made in other WGs. 
Q1-3: Regardless whether TAG ID is contained in MAC-CE or not, whether the case-1 timing text in TS 38.213 needs to be revised to clarify the TAG relationship between T_delta and TA procedure?

3.2 Regarding to SCS information in Timing Delta MAC-CE
The motivation for SCS discussion comes from a FFS point in RAN2 endorsed TP (R2-1916538) on content of Timing Delta MAC-CE, where it is said “It is FFS whether the SCS should be indicated in the Timing Delta MAC CE. RAN2 needs to confirm with RAN1”. The reason for RAN2 to consider SCS as part of MAC-CE is that RAN4 concluded T_delta value range is SCS-dependent and T_delta granularity is FR-dependent, as shown in Table below. 
	What RAN4 concluded
	What RAN2 followed up

	FR
	Granularity 
[Tc]
	SCS 
[kHz]
	Min T_delta 
[Tc]
	Min T_delta 
[Tc]
	# of needed indices
	#of needed bits

	FR1
	64
	15
	- /2 - 70528
	- /2 + 6256
	1199.75
	11

	
	
	30
	- /2 - 35328
	- /2 + 6128 
	674.75
	10

	
	
	60
	- /2 - 17664
	- /2 + 6032
	370.25
	9

	FR2
	32
	60
	- /2 - 17664
	- /2 + 6032
	740.5
	10

	
	
	120
	- /2 - 8816
	- /2 + 6032
	464
	9


However, the T_delta value range, to which SCS is directly relating to, is so far transparent to RAN1 defined procedure for DL-Tx timing derivation or one-way propagation delay estimation. From RAN1 perspective, the procedure defined in TS38.213 only receives an indicated T_delta interval, no matter what value range is experienced during the measurement at the parent node.     
As for the T_delta granularity, certainly the IAB node should have the same understanding as the parent node. The question is whether the SCS should be the indication as well as the explicit indication to ensure the same understanding.   
FL suggests to discuss following questions Q2-1 and Q2-2. 
Q2-1: Could companies agree the rational that “RAN1 specifications does not need T_delta range dependency upon SCS”? 
Q2-2: In order to make the IAB node have the correct understanding on T_delta granularity, is there any solutions other than the explicit SCS indication in MAC-CE?



Annex A. RAN1 agreements in earlier meetings (WI phase only) 
RAN1 #99
Agreements:
To be captured in the specification:
· The proposal in the paragraph immediately after the “Conclusion from Wednesday offline session” in R1-1913316 is agreed 
Agreements:
Adding in the specification the following:
The timing difference may be used by an IAB-node in the determination of its DU transmission timing. 
Conclusion:
· In the CR stage, check further whether or not there is a need to further clarify in RAN1 spec about the usage of the timing difference based on RAN4 specifications

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
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