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1	Introduction
In RAN1#96, RAN1 has sent RAN4 an LS [1] to ask RAN4’s input on OTA timing alignment issue, and the content is captured as below:
	
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

RAN1 made the following agreements on the over-the-air (OTA) timing alignment for IAB 
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.
To RAN WG4.
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.


Further clarification is provided in a following RAN1 LS [4], that is:
	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)xTc . 
To RAN 4: RAN1 would like to inform RAN4 of the above clarification when the LS in R1-1903810 is discussed in RAN4.


In this discussion paper, we would like to share our view on the IAB timing alignment issue, which could serve as part of RAN4’s response to the incoming LS.

2 IAB OTA Timing Alignment
Based on the IAB WID [2], the following bullets related to IAB OTA timing alignment is included in IAB work item’s scope. It should be noted that 7 kinds of OTA timing alignment methods are proposed in IAB Study Item phase [3], while only “case-1” OTA timing alignment is needed to be specified in this Rel-16 IAB work item:
	· Physical layer specification [RAN1-led, RAN2, RAN3, RAN4]:
· Specification of mechanism to support the “case-1” OTA timing alignment.
· Specification of RF and RRM requirements [RAN4-led]:
· Define timing requirements for IAB specific network synchronization. This may include (a) requirement for “case 1” timing (e.g. accuracy of DL transmission timing alignment between an IAB-node and its parent node), and (b) cell phase synchronization accuracy for multi-hop IAB network.


Based on that, the discussion should be limited to case-1 OTA timing alignment, i.e., DL transmission timing alignment across IAB-nodes and IAB-donors (If DL TX and UL RX are not well aligned at the parent node, additional information about the alignment is needed for the child node to properly set its DL TX timing for OTA based timing & synchronization).
Observation 1: The discussion on IAB OTA timing alignment should be limited to Case-1 OTA timing alignment method.

2.1 Variable Definition 
Figure-1(a) is copied from RAN1 LS R1-1903810, while with the new RAN1 LS’s updated definition in RAN1 LS R1-1905842, the figure is updated accordingly in Figure-1(b): 
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Figure-1(a): [Left figure] Alignment of DL TX and UL RX timing at the parent node based on original version copied from RAN1 LS [R1-1903810]
Figure-1(b): [Right figure] Alignment of DL TX and UL RX timing at the parent node with updates based on RAN1 LS [R1-1905842]
It should be noted that the difference between two figures is: in new LS, TA is replaced by (NTA + NTA_offset)xTc (instead of NTAxTc), which is based on the definition, i.e, “the TA is the timing gap between UL Tx timing and DL Rx timing at the IAB node”. Since an IAB node should set its DL TX timing ahead of its DL Rx timing by TA/2 + T_delta (in both definitions from two liaisons), obviously the definition of T_delta is changed: in new LS, T_delta = -Tg/2 (instead of -(Tg – NTA_offsetxTc )/2). 
	
	Definition-1 [R1-1903810]
	Definition-2 [R1-1905842]

	Definition of TA
	TA = NTAxTc
	TA = (NTA + NTA_offset)xTc

	Timing advance of DL TX timing ahead of its DL Rx timing
(where T_delta is introduced), ie., Propagation delay (Tp) between IAB node and the parent
	Tp = (NTAxTc)/2 + T_delta
	Tp= (NTA + NTA_offset)xTc/2 + T_delta

	Definition of T_delta
	T_delta = Tp - (NTAxTc)/2
= -(Tg – NTA_offsetxTc )/2
	T_delta = Tp - (NTA + NTA_offset)xTc/2
= -Tg/2

	Switching gap Tg
	The switching gap between UL Rx and DL Tx at the parent node


2.2 Analysis on the Range of Tg
For the basic mechanism of OTA timing alignment for case-1, the switching gap Tg is targeted to equal to the TA_offset, however due to TA adjustment step size, TA adjustment accuracy and IAB cell phase synchronization accuracy, the discrepancy between Tg and TA_offset could exist. To further DL transmission timing alignment across IAB-nodes and IAB-donors, T_delta is introduced as above defined. 
To consider the range of Tg, it should be noted that Tg should be no smaller than RX-TX switching time requirement, which can be served as the first principle for the lower limit of Tg. Based on the conclusion from Rel-15 gNB’s RF requirement, the RX-to-TX switching time should be no larger than 10us for FR1 gNB and 3us for FR2 gNB. Considering IAB parent node can be either gNB or other IAB node and IAB node’s RX-to-TX switching time is not specified yet, we can expect IAB node’s performance should be no better than normal gNB and no worse than normal FR2 UE (i.e., 5us), to considering the worst case in defining the largest possible range of T_delta, 3us can be regarded as the lower limit for FR2 Tg:
Table-1: Tg lower limitation due to Parent Node’s Rx-to-Tx switching time
	
	(a) Tg_min (limited by Parent Node’s RX-TX switching time)

	FDD FR1 (N_TA_offset = 0)
	N/A for FDD

	FDD/TDD FR1 (N_TA_offset = 13us)
	10us for TDD
N/A for FDD

	TDD FR1 (N_TA_offset = 20us)
	10us

	FR2 (N_TA_offset = 7us)
	3us


 
On the other hand, another limitation for Tg is due to TA adjustment step size, TA adjustment accuracy and IAB cell phase synchronization accuracy. Specifically, Tg should satisfy:
· Tg ≤ TA_offset + IAB cell phase sync accuracy + (TA step size)/2 + Timing Advance adjustment accuracy
· Tg ≥ TA_offset - IAB cell phase sync accuracy - (TA step size)/2 - Timing Advance adjustment accuracy 
Hence, considering the three factors mentioned above, Tg’s range could be derived as below: 
Table-2: Tg value range due to TA adjustment step size, TA adjustment accuracy and 
IAB cell phase synchronization accuracy
	
	(b) IAB cell phase sync accuracy
	(c) TA step size
	(d) Timing Advance adjustment accuracy
	Tg range due to (b)(c)(d)

	FDD FR1 
(N_TA_offset = 0)
	3us
	16*64*Tc
	256Tc (for 15kHz SCS)
	[-3us-512Tc-256Tc, +3us+512Tc+256Tc]
= [-3.39us, 3.39us]

	FDD/TDD FR1 
(N_TA_offset = 13us)
	3us
	16*64*Tc
	256Tc (for 15kHz SCS)
	[13us-3us-512Tc-256Tc, 13us+3us+512Tc+256Tc] = [9.61us, 16.39us]

	TDD FR1 
(N_TA_offset = 20us)
	3us
	16*64*Tc
	256Tc (for 15kHz SCS)
	[20us-3us-512Tc-256Tc, 20us+3us+512Tc+256Tc] =[16.61us, 23.39us]

	FR2 
(N_TA_offset = 7us)
	3us
	4*64*Tc
	128Tc (for 60kHz SCS)
	[7us-3us-128Tc-128Tc, 7us+3us+128Tc+128Tc]
= [3.87us, 10.13us]



To combine all the factors which limit the range of Tg, the Tg and accordingly T_delta’s ranges can be updated as below:
Table-3: Tg value range (combined all factors)
	
	Updated Tg range due to (a)(b)(c)(d), i.e., the lower limit provided in Table-2’s range should be larger than Tg_min in (a)

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

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

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

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



Observation 2: The range of Tg (i.e, The switching gap between UL Rx and DL Tx at the parent node) is provided in below table:
	FDD FR1 (N_TA_offset = 0)
	[-3.39us, 3.39us]

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

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

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



2.3 Analysis on Range and Granularity of T_delta 
Based on the above analysis , we would like to provide our views on the range and granularity of T_delta based on two kinds of definitions. It should be noted that the difference of two definitions of T_delta is containing or not containing the part of – NTA_offsetxTc/2, i.e.,  
Proposal 1: The range of T_delta (in two kinds of definitions from two RAN1’s liaisons) are provided in below table:
	
	Tg range
	T_delta in Definition-1 [R1-1903810]: 
T_delta = Tp - (NTAxTc)/2
= -(Tg – NTA_offsetxTc )/2
	T_delta in Definition-2
[R1-1905842]:
T_delta = Tp - (NTA + NTA_offset)xTc/2
= -Tg/2

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

	FDD/TDD FR1
(N_TA_offset = 13us)
	[9.61us, 16.39us] for FDD
[10us, 16.39us] for TDD
	[-1.695us, 1.695us] for FDD
[-1.695us, 1.5us] for TDD
	[-8.195us, -4.805us] for FDD
[-8.195us, -5us] for TDD

	TDD FR1 
(N_TA_offset = 20us)
	[16.61us, 23.39us]
	[-1.695us, 1.695us]
	[-11.695us, -8.305us]

	FR2 
(N_TA_offset = 7us)
	[3.87us, 10.13us]
	[-1.565us, 1.565us]
	[-5.065us, -1.935us]



The granularity of T_delta should be limited by practical implementation, i.e., at least the granularity of T_delta should be no larger than TA adjustment accuracy, i.e, ±256 Tc for 15kHz and 30kHz SCS, ±128 Tc for 60kHz and ±32 Tc for 120kHz. Therefore, we propose to use 128 Tc for all FR1 case and 32 Tc for FR2 case. 
Proposal 2: The granularity of T_delta should be 128 Tc for FR1 and 32 Tc for FR2.

Based on the above analysis, it can be observed that with new definition of T_delta, the impact of N_TA_offset is contained with make the range of T_delta highly dependent on the value of N_TA_offset, which could be different in different scenarios. 
Observation 3: With the new definition of T_delta = Tp - (NTA + NTA_offset)xTc/2= -Tg/2, the impact of N_TA_offset is contained with make the range of T_delta highly dependent on the value of N_TA_offset (also signaled based on different scenarios), thus making the range of T_delta complex.
Based on this, we think RAN4 is better to provide the full picture of all information mentioned above, which may help RAN1 to decide the definition, range and granularity of T_delta in a reasonable way. Specifically, if T_delta can be defined as Tp - (NTA)xTc/2, the physical meaning of T_delta can be regarded as the further adjustment of rough estimation of Tp by NTAxTc/2, and the range of T_delta will be confined to a symmetric range roughly centered at 0. if UL Rx and DL Tx are well aligned at IAB-donor, the child node can set its DL TX timing ahead of its DL Rx timing by TA/2, i.e. T_delta = 0; if 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.
Observation 4: if T_delta is defined as T_delta = Tp - (NTAxTc)/2, T_delta has the physical meaning as further timing adjustment for the propagation delay between IAB node and the parent which can be based on (NTAxTc)/2 with Rel-15 mechanism.
Proposal 3: Suggest RAN1 that T_delta can be defined as T_delta = Tp - (NTA)xTc/2, as previous LS [R1-1903810] defined. 

2.4 Others 
For Action 2&3 in RAN1’s incoming LS, it is actually dependent on RAN4’s further discussion on IAB DL synchronization accuracy requirement for multi-hop cases, and we suggest to reply RAN1 for those two actions after RAN4 made conclusion accordingly. 
Proposal 4: Postpone replying Action 2&3 in RAN1 LS (R1-1903810) after RAN4 studied the accuracy requirement for multi-hop IAB case.



3 Conclusion
In this paper, we provided our view on the IAB timing alignment issue, which could serve part of RAN4’s response to the incoming LS: 
Observation 1: The discussion on IAB OTA timing alignment should be limited to Case-1 OTA timing alignment method.
Observation 2: The range of Tg (i.e, The switching gap between UL Rx and DL Tx at the parent node) is provided in below table:
	FDD FR1 (N_TA_offset = 0)
	[-3.39us, 3.39us]

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

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

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



Proposal 1: The range of T_delta (in two kinds of definitions from two RAN1’s liaisons) are provided in below table:
	
	Tg range
	T_delta in Definition-1 [R1-1903810]: 
T_delta = Tp - (NTAxTc)/2
= -(Tg – NTA_offsetxTc )/2
	T_delta in Definition-2
[R1-1905842]:
T_delta = Tp - (NTA + NTA_offset)xTc/2
= -Tg/2

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

	FDD/TDD FR1
(N_TA_offset = 13us)
	[9.61us, 16.39us] for FDD
[10us, 16.39us] for TDD
	[-1.695us, 1.695us] for FDD
[-1.695us, 1.5us] for TDD
	[-8.195us, -4.805us] for FDD
[-8.195us, -5us] for TDD

	TDD FR1 
(N_TA_offset = 20us)
	[16.61us, 23.39us]
	[-1.695us, 1.695us]
	[-11.695us, -8.305us]

	FR2 
(N_TA_offset = 7us)
	[3.87us, 10.13us]
	[-1.565us, 1.565us]
	[-5.065us, -1.935us]



Proposal 2: The granularity of T_delta should be 128 Tc for FR1 and 32 Tc for FR2.
Observation 3: With the new definition of T_delta = Tp - (NTA + NTA_offset)xTc/2= -Tg/2, the impact of N_TA_offset is contained with make the range of T_delta highly dependent on the value of N_TA_offset (also signaled based on different scenarios), thus making the range of T_delta complex.
Observation 4: if T_delta is defined as T_delta = Tp - (NTAxTc)/2, T_delta has the physical meaning as further timing adjustment for the propagation delay between IAB node and the parent which can be based on (NTAxTc)/2 with Rel-15 mechanism.
Proposal 3: Suggest RAN1 that T_delta can be defined as T_delta = Tp - (NTA)xTc/2, as previous LS [R1-1903810] defined.
Proposal 4: Postpone replying Action 2&3 in RAN1 LS (R1-1903810) after RAN4 studied the accuracy requirement for multi-hop IAB case.
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