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Introduction
This article focuses on the OTA timing alignment aspects of IAB networks.
Background
RAN1 has made the following agreements in RAN1#AH1901 [1] and RAN1#96 [2]“Agreements (RAN1 #Ad Hoc1901):
· 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 as 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
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


Based on these agreements, RAN1 has sent LS (R4-1902804) [3] to RAN4 
“RAN1 has agreed on the basic mechanism of over-the-air (OTA) timing alignment. As shown in Figure 1, when the switching gap Tg is equal to the TA_offset as defined in TS 38.133, i.e. UL Rx and DL Tx are well aligned, the child node can set its DL TX timing ahead of its DL Rx timing by TA/2, i.e. T_delta = 0. However, when the switching gap Tg is not equal to the TA_offset, i.e. UL Rx and DL Tx are not well aligned, the child node can set its DL TX timing ahead of its DL Rx timing by TA/2 + T_delta, where T_delta = (TA_offset - Tg)/2. 
RAN1 has not agreed on the exact values of T_delta in terms of its range and granularity though RAN1 agreed that separate values will be defined for FR1 and FR2. It is RAN1’s understanding that it is RAN4’s expertise to determine the exact values of T_delta, which is intended to account for factors such as the gap between uplink reception and downlink transmission timing at the parent node, hardware impairment, etc. It is also RAN1’s understanding that the granularity of T_delta may have an impact to the DL synchronization accuracy across multiple hops for IAB.”


Figure 1:  Alignment of DL TX and UL RX timing at the parent node”

In this LS, RAN1 asked the following questions to RAN4:
ACTION 1: RAN1 would like RAN4 to provide input on the range and granularity of T_delta in FR1 and FR2.
ACTION 2: RAN1 would like RAN4 to confirm whether the DL synchronization accuracy requirement defined in the current specification should also be applied for multi-hop scenarios for IAB.
ACTION 3: RAN1 would like RAN4 to provide input on the requirement of OTA timing alignment across multiple hops in order to fulfil the DL synchronization accuracy requirements defined in the current specification. “
RAN1 later sent a subsequent LS [4] to RAN4 with the following test:

“ In RAN1 #96, RAN1 sent an LS to RAN4 on OTA timing alignment for IAB in R1-1903810. RAN1 would like to have some further clarifications since there were some inconsistency between the agreement made in RAN1 #Ad Hoc1901 and R1-1903810. 
Based on agreement in RAN1 #Ad Hoc 1901, if the OTA timing alignment applied, an IAB node should set its DL TX timing ahead of its DL Rx timing by TA/2 + T_delta, where the TA is the timing gap between UL Tx timing and DL Rx timing at the IAB node. Thus TA = (NTA + NTA_offset)xTc as defined in [38.133]. T_delta is signalled from the parent node and is intended to enable the IAB node MT to estimate the propagation delay (Tp) between itself and the parent. With this understanding, Tp = TA/2 + T_delta and T_delta = -Tg/2, where Tg is the switching gap between UL Rx and DL Tx at the parent node. However, in R1-1903810, it was assumed that TA = NTAxTc. In this case, Tp = TA/2 + T_delta and T_delta = -(Tg – NTA_offsetxTc )/2. 
RAN1 would like to inform RAN4 that it is RAN1’s understanding that RAN1 agreement in #Ad Hoc 1901 holds hence TA = (NTA + NTA_offset) x Tc . “
During the last meeting, RAN4 sent a reply LS to RAN1 informing RAN4’s opinions regarding action #2 and action #3.

Discussion
Figure 1 suggests that, when UL RX and DL TX are well aligned, the gap between DL TX and UL RX is N_TA,offset. Hence, T_delta should depend on N_TA,offset.
During the last meeting [5], RAN4 already agreed the granularity of T_delta as 64Tc and 32Tc for FR1 and FR2 respectively. Hence, T_delta can also be used to compensate for the granularity error of the uplink TA command.
Besides, [6] and [7] showed that the network may advance uplink transmission further ahead in time, with respect to propagation delay, to reduce UL to DL cross link interference among neighbour cells. The value of this advancement in TA command can be up to one symbol. If advancing more than one symbol is needed, network can achieve it by scheduling properly and advancing the TA command a fraction of a symbol (with respect to the propagation delay). 
Considering above factors, the range of T_delta can be defined as:
· (N_TA,offset/2 + T_symbol/2 + TA_res,error/2) <= T_delta <= -N_TA,offset/2 + TA_res,error/2
Observation 1: The range of T_delta should depend on symbol duration and TA granularity.
Proposal 1: The range of T_delta can be defined as:
· (N_TA,offset/2 + T_symbol /2+ TA_res,error/2) <= T_delta <= -N_TA,offset/2 + TA_res,error/2
38.213 shows that, for a subcarrier spacing of 2mu * 15 kHz, the resolution of TA command is 16 * 64 * Tc/2mu. Hence, TA resolution error lies in the range of [-8 * 64 *  Tc/2mu, 8 * 64 *  Tc/2mu]
On the other hand, 38.211 shows that, for a subcarrier spacing of 2mu * 15 kHz, the symbol duration is: (144 + 2048)*64*2mu *Tc.
Based on these values, the range of T_delta can be expressed in terms of N_TA,offset and Tc through Table 1.
Proposal 2: The range of T_delta can be expressed in terms of N_TA,offset and Tc through Table 1
Table 1: Range of T_delta
	[bookmark: _Hlk7530156]SCS (kHz)
	T_delta min (Tc)
	T_delta max (Tc)

	15
	- NTA offset /2 -70400
	- NTA offset /2 +256

	30
	- NTA offset /2 -35200
	- NTA offset /2 +128 

	60
	- NTA offset /2 - 17600
	- NTA offset /2 + 64 

	120
	- NTA offset /2 - 8800
	- NTA offset /2 + 32 
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	T_delta max (Tc)
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	- NTA offset /2 -70400
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	- NTA offset /2 -35200
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	120
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