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Introduction
This article focuses on the OTA timing alignment aspects of IAB networks.
LS From RAN1
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 . “

Discussion
As the LSs from RAN1 suggest, an IAB node sums the T_delta command with TA/2 to derive its DL timing; where TA = (NTA + NTA_offset) x Tc and NTA is the uplink TA command obtained from the parent. The recent LSs from RAN1 suggest, T_delta = - NTA_offset/2 when the gap between DL transmission and UL reception at the parent node is NTA_offset.. 
However, NTA_offset/2 is a known quantity and fixed in the spec. Hence, spending bits to convey this parameter will consume unnecessary overhead.
Observation 1: According to RAN1’s most recent LS [4], even if the DL TX and UL RX are completely aligned at the parent node, it will still have to signal T_delta = - NTA_offset/2 to the child node. This consumes unnecessary overhead because NTA_offset/2 is known.
Now, let us investigate the required granularity of T_delta, if RAN4 indeed specifies the parameter T_delta in the way RAN1 described. 
For FR1, the value of NTA_offset can be explicitly configured [6] or implicitly obtained from table 7.1.2-2 of 38.133 [5]. In both cases, NTA_offset can be one of [0, 25600, 39936] Tc. For FR2, NTA_offset is fixed at 13792 Tc. 
In order to reduce quantization error, NTA_offset/2 should be an integer multiple of the granularity of T_delta.
Observation 2: If T_delta = - NTA_offset/2, NTA_offset/2 should be an integer multiple of the granularity of T_delta.
Observation 1 and 3 can be ensured by defining the granularity of T_delta as  where K is the minimum value that makes T_delta to be an integer sub-multiple of N_TA,offset/2
Table 1: Calculation of granularity of T_delta
	I. SCS (kHz)
	II. N_TA,offset.
(unit of Tc) [7]
	III. Granularity of uplink TA command (unit of Tc)  [5]
	IV.  

	V. K (minimum integer value such that K * IV is an integer)
	VI. Granularity of T_delta (unit of Tc)
III/V

	15
	25600 (FR1)
	16 * 64
	12.5
	2
	512

	
	39936 (FR1)
	16 * 64
	19.5
	2
	512

	30
	25600 (FR1)
	8 * 64
	25
	1
	512

	
	39936 (FR2)
	8 * 64
	39
	1
	512

	60
	25600 (FR3
	4 * 64
	50
	1
	256

	
	39936
	4 * 64
	78
	1
	256

	
	13792
	4 * 64
	26.9375
	16
	16

	120
	13792
	2 * 64
	53.875
	8
	16



The above table suggests that the required granularity for T_delta may need to be 16 Tc in FR2 when the gap between DL TX and UL RX is NTA_offset/2. This granularity might be too fine for FR2.
Observation 3: If T_delta = - NTA_offset/2, the required granularity for T_delta may need to be 16 Tc in FR2 when the gap between DL TX and UL RX is NTA_offset/2. This granularity might be too fine for FR2.
The above description suggests that the very fine resolution of T_delta is needed because we want it to be an integer sub-multiple of NTA_offset/2.
One can avoid the issues mentioned in observation 1 and 3 simply by re-interpreting T_delta as NTA_offset/2 + T_delta,diff; where T_delta,diff is the difference between actual T_delta (computed from the gap between DL TX and UL) and NTA_offset/2.
In above scenario, the granularity of T_delta,diff does not need to be an integer sub-multiple of NTA_offset/2. 
Observation 4: If T_delta is re-interpreted as NTA_offset/2 + T_delta,diff; where T_delta,diff is the difference between actual T_delta (computed from the gap between DL TX and UL) and NTA_offset/2; then the parent node doesn’t need to signal anything when DL TX and UL RX are aligned at the parent node. Besides, the granularity of the signal does not need to be as fine as the ones shown in table 1.
Proposal 1: RAN4 interprets T_delta as the summation of NTA_offset/2 and T_delta,diff; where T_delta,diff is the difference between actual T_delta (computed from the gap between DL TX and UL) and NTA_offset/2.
· Parent node signals T_delta,diff to the child node.
· Child node calculates T_delta as, T_delta = NTA_offset/2 + T_delta,diff.

Granularity of the Timing Command
The granularity of T_delta,diff does not need to be an integer sub-multiple of NTA_offset/2. However, making this granularity finer than that of the TA command of Rel-15 has benefits. The relative higher granularity of the TA command in Rel-15 may not allow the parent node to fully align its DL TX and UL RX timing. A finer granularity of T_delta,diff allows the parent node to compensate for a portion of this misalignment and instruct the child node to tightly synchronize the DL timing between the parent and the child. 


In Rel-15, the granularity of the TA command is defined through the following text [5], ““For a SCS of  kHz, the timing advance command for a TAG indicates the change of the uplink timing relative to the current uplink timing for the TAG in multiples of .” Following the logic of the above paragraph, we propose to make the granularity of T_delta,diff by an additional factor of 4. 
Observation 5: The relative higher granularity of the TA command in Rel-15 may not allow the parent node to fully align its DL TX and UL RX timing. A finer granularity of T_delta,diff allows the parent node to compensate for a portion of this misalignment and instruct the child node to tightly synchronize the DL timing between the parent and the child. 

Proposal 2: For a SCS of  kHz, define the granularity of T_delta,diff as 

Range of the Timing Command
The contribution of [8] provides the following bounds for the range of T_delta.
1. Tg >= RX-to-TX switching time
2. Tg ≥ - NTA_offset - IAB cell phase sync accuracy - (TA step size)/2 - Timing Advance adjustment accuracy
3. Tg ≤   - NTA_offset + IAB cell phase sync accuracy + (TA step size)/2 + Timing Advance adjustment accuracy 
RAN1’s most recent LS suggests that, T_delta = -Tg/2.
We have already defined, T_delta = NTA_offset/2 + T_delta,diff
Based on the LS and R4-1903345, the range of T_delta is given below:
	
	Tg
	T_delta,diff = - Tg/2 - NTA_offset/2

	FDD FR1 (N_TA_offset = 0)
	[-3.39us, 3.39us]
	[-1.695us, 1.695us]

	FDD/TDD FR1 (N_TA_offset = 13 us)
	[-16.39, -9.61] us for FDD
[-16.39, -10] us for TDD
	[-1.695, 1.695] us for FDD
[-1.5, 1.695] us for TDD

	TDD FR1 (N_TA_offset = 20 us)
	[-23.39, -16.61] us
	[-1.695, 1.695] us

	FR2 (N_TA_offset = 7 us)
	[-10.13, -3.87] us
	[-1.565, 1.565] us



Proposal 3: The range of T_delta,diff is [-1.69 us, 1.695 us] for FR1 and [-1.565 us, 1.565 us] for FR2.

DL Synchronization Accuracy Requirement and OTA Timing Alignment
In Rel-15, the cell phase DL synchronization accuracy for any pair of intra-band cells is [-3 us, +3 us]. Regarding question number II and III of the RAN1 LS, the maximum allowed DL synchronization accuracy between an arbitrary cell pair and the maximum achievable synchronization accuracy between a parent IAB and child IAB node may limit the maximum number of hops in IAB networks. Hence, before answering question #2 and #3 of RAN1, RAN4 can discuss the DL synchronization accuracy requirement of an IAB child node when it is using the timing of the IAB parent node for OTA timing alignment.
Observation 6: RAN4 further discusses the answers to question #II and #III of [3].

Conclusion
Observation 1: According to RAN1’s most recent LS [4], even if the DL TX and UL RX are completely aligned at the parent node, it will still have to signal T_delta = - NTA_offset/2 to the child node. This consumes unnecessary overhead because NTA_offset/2 is known.
Observation 2: If T_delta = - NTA_offset/2, NTA_offset/2 should be an integer multiple of the granularity of T_delta.
Observation 3: If T_delta = - NTA_offset/2, the required granularity for T_delta may need to be 16 Tc in FR2 when the gap between DL TX and UL RX is NTA_offset/2. This granularity might be too fine for FR2.
Observation 4: If T_delta is re-interpreted as NTA_offset/2 + T_delta,diff; where T_delta,diff is the difference between actual T_delta (computed from the gap between DL TX and UL) and NTA_offset/2; then the parent node doesn’t need to signal anything when DL TX and UL RX are aligned at the parent node. Besides, the granularity of the signal does not need to be as fine as the ones shown in table 1.
Proposal 1: RAN4 interprets T_delta as the summation of NTA_offset/2 and T_delta,diff; where T_delta,diff is the difference between actual T_delta (computed from the gap between DL TX and UL) and NTA_offset/2.
· Parent node signals T_delta,diff to the child node.
· Child node calculates T_delta as, T_delta = NTA_offset/2 + T_delta,diff.
Observation 5: The relative higher granularity of the TA command in Rel-15 may not allow the parent node to fully align its DL TX and UL RX timing. A finer granularity of T_delta,diff allows the parent node to compensate for a portion of this misalignment and instruct the child node to tightly synchronize the DL timing between the parent and the child. 

Proposal 2: For a SCS of  kHz, define the granularity of T_delta,diff as 
Proposal 3: The range of T_delta,diff is [-1.69 us, 1.695 us] for FR1 and [-1.565 us, 1.565 us] for FR2.
Observation 6: RAN4 further discusses the answers to question #II and #III of [3].
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