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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:
	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 previous RAN4#92, the following agreement achieved for IAB timing alignment issue in RAN4’s reply LS, i.e., 
	[RAN1 Question #1]: RAN1 would like RAN4 to provide input on the range and granularity of T_delta in FR1 and FR2.
[RAN4 Response]: Related to the action 1 of RAN1 LS [1], and based on the definition of T_delta = -Tg/2 as in the other RAN1 LS [2], RAN4 concluded that the granularity of T_delta for IAB OTA timing alignment is 64Tc for FR1 and 32Tc for FR2. The range of T_delta is still under discussion in RAN4 and will be provided when the conclusion can be made. 


[RAN1 Question #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.
[RAN4 Response] RAN4 would like to confirm that synchronization accuracy requirement defined in the current specification (TS38.133, Section 7.4) should also be applied for multi-hop scenarios for IAB. It should be noted that in Rel-15, cell phase synchronization accuracy for TDD is defined as the maximum absolute deviation in frame start timing between any pair of cells on the same frequency that have overlapping coverage areas. Cell phase synchronization accuracy measured at BS antenna connector shall be better than 3us.

[RAN1 Question #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.
[RAN4 Response] RAN4 would like to confirm that the requirement of OTA synchronization (OTA-S)  accuracy for IAB node will not be specified. 


In this discussion paper, we would like to share our view on the remaining issue for IAB timing alignment, i.e., the range of T_delta, which is accompanied with our proposed RAN4’s further response to RAN1 incoming LSs.

2 Analysis on the Range of T_delta
Although there are discussion on the choice of T_delta definition based on different RAN1 LS, RAN4 has already agree that the latest RAN1 LS should be based, according to the agreement captured in RAN4#92 chairman notes:
	Agreement: T_delta is defined as T_delta = -Tg/2, as recent RAN1 LS [R1-1905841] suggested.
· N_TA,offset depends on the frequency ranges and FDD/TDD scenarios.



	
	Definition based on R1-1905842

	Definition of TA
	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= (NTA + NTA_offset)xTc/2 + T_delta

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

	Value to be signaled
	T_delta

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


Accordingly the definition can be illustrated as below figures and variables’ relationship can be shown in the below table as well: 
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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 and TA adjustment 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. 
Specifically, the limitation for Tg is due to TA adjustment step size, TA adjustment accuracy can be expressed as:
· Tg ≤ TA_offset + (TA step size)/2 + Timing Advance adjustment accuracy
· Tg ≥ TA_offset - (TA step size)/2 - Timing Advance adjustment accuracy 
Hence, considering the three factors mentioned above, Tg’s range could be derived as below: 
Table-1: Tg value range due to TA adjustment step size, TA adjustment accuracy
	
	TA step size
	Timing Advance adjustment accuracy
	Tg range due to (TA step size)/2 and Timing Advance adjustment accuracy

	FDD FR1 
(N_TA_offset = 0)
	16*64*Tc
	256Tc (for 15kHz SCS)
	[-512Tc-256Tc, +512Tc+256Tc] = [-768Tc, +768Tc]

	FDD/TDD FR1 
(N_TA_offset = 13us = 25559Tc)
	16*64*Tc
	256Tc (for 15kHz SCS)
	N_TA_offset + [-512Tc-256Tc, +512Tc+256Tc]
= [N_TA_offset-768Tc, N_TA_offset+768Tc]
= [24791Tc, 26327Tc]

	TDD FR1 
(N_TA_offset = 20us = 39322Tc)
	16*64*Tc
	256Tc (for 15kHz SCS)
	N_TA_offset + [-512Tc-256Tc, +512Tc+256Tc]
= [N_TA_offset-768Tc, N_TA_offset+768Tc]
= [38554Tc, 40090Tc]

	FR2 
(N_TA_offset = 7us = 13763Tc)
	4*64*Tc
	128Tc (for 60kHz SCS)
	N_TA_offset + [-128Tc-128Tc, +128Tc+128Tc]
= [N_TA_offset-256Tc, N_TA_offset+256Tc]
= [13507Tc, 14019Tc]



2.3 Analysis on Range of T_delta 
Based on the analysis above and the applicable rule of N_TA_offset, the range of T_delta should be discussed based on different scenarios, in which different N_TA_offset applies. 
Proposal 1: The range of T_delta should be discussed based on the following scenarios:
· FDD FR1 (N_TA_offset = 0)
· FDD/TDD FR1 (N_TA_offset = 13us= 25559Tc)
· TDD FR1 (N_TA_offset = 20us= 39322Tc)
· FR2 (N_TA_offset = 7us= 13763Tc)
Based on the above analysis, we would like to provide our views on the range of T_delta as below,  
Proposal 2: The range of T_delta is provided in below table:
	
	T_delta in Option-2 [R1-1905842]:
T_delta = Tp - (NTA + NTA_offset)xTc/2 = -Tg/2

	FDD FR1 (N_TA_offset = 0)
	[-768Tc/2, +768Tc/2] = [-384Tc, 384Tc]

	FDD/TDD FR1 (N_TA_offset = 13us= 25559Tc)
	[-N_TA_offset/2-768Tc/2, -N_TA_offset/2+768Tc/2]
= [-13164Tc, -12395Tc]

	TDD FR1 (N_TA_offset = 20us= 39322Tc)
	[-N_TA_offset/2-768Tc/2, -N_TA_offset/2+768Tc/2]
= [-20045Tc, -19277Tc]

	FR2 (N_TA_offset = 7us= 13763Tc)
	[-N_TA_offset/2-256Tc/2, -N_TA_offset/2+256Tc/2]
= [-7010Tc, -6753Tc]



3 Conclusion
In this paper, we provided our view on the remaining issue for IAB timing alignment, i.e., the range of T_delta, as below: 
Proposal 1: The range of T_delta should be discussed based on the following scenarios:
· FDD FR1 (N_TA_offset = 0)
· FDD/TDD FR1 (N_TA_offset = 13us= 25559Tc)
· TDD FR1 (N_TA_offset = 20us= 39322Tc)
· FR2 (N_TA_offset = 7us= 13763Tc)
Proposal 2: The range of T_delta is provided in below table:
	
	T_delta in Option-2 [R1-1905842]:
T_delta = Tp - (NTA + NTA_offset)xTc/2 = -Tg/2

	FDD FR1 (N_TA_offset = 0)
	[-768Tc/2, +768Tc/2] = [-384Tc, 384Tc]

	FDD/TDD FR1 (N_TA_offset = 13us= 25559Tc)
	[-N_TA_offset/2-768Tc/2, -N_TA_offset/2+768Tc/2]
= [-13164Tc, -12395Tc]

	TDD FR1 (N_TA_offset = 20us= 39322Tc)
	[-N_TA_offset/2-768Tc/2, -N_TA_offset/2+768Tc/2]
= [-20045Tc, -19277Tc]

	FR2 (N_TA_offset = 7us= 13763Tc)
	[-N_TA_offset/2-256Tc/2, -N_TA_offset/2+256Tc/2]
= [-7010Tc, -6753Tc]
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