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Introduction
In the LS [2] from RAN1, one of the actions requested from RAN4 was following:
ACTION 1: RAN1 would like RAN4 to provide input on the range and granularity of T_delta in FR1 and FR2.
Regarding this action, RAN4#91 made following agreement, [1]:
Agreement: The granularity should be finer than the granularity of TA in Rel-15.
RAN4#92 further discussed the subject but did not agree yet upon the response to RAN1. In this contribution we analyze the requirements for T_delta range and granularity and what could be the LS response to RAN1.
Discussion
The intention of T_delta is to provide information about the actual RX-TX switching gap at the parent node as it may deviate from the TAoffset. Additionally, finer granularity than the one for TA command (as agreed in RAN4#91) provides better IAB node synchronization accuracy than what could be achieved by having the same granularity as TA.

Range of T_delta
The length of the RX-TX switching gap Tg at the parent node is up to IAB-donor/IAB-node implementation. In addition to providing a sufficient gap for RX/TX implementation, the gap could be extended from the minimum value (TAoffset) to be able to cope with in certain (cross-link) interference scenarios enabling isolation between the interfering signals and/or possibly enabling symbol level alignment between desired and interfering signals.
The RX-TX switching gap Tg is always > TAoffset and, with the T_delta being (-Tg/2), the minimum absolute value of T_delta would become NTAoffset*Tc/2 (the actual T_delta is negative). Extended gap by one symbol can be divided between RX-TX and TX-RX gaps. The one symbol duration can be evenly split between the gaps, or, it could have random split. In the latter care assuming the symbol is used to extend the RX-TX gap only, the max value of Tg would become (NTAoffset*Tc + TSymbol).
Because of finite granularity of TA command (TAres) and the TA adjustment accuracy, the actual UL timing adjustment may have additional bias. This can be either positive or negative and the max error. With appropriate TA adjustment with TA commands, should be half of the resolution of the TA command (TAres) plus the TA adjustment accuracy. The specified TA resolution depends on the SCS, i.e. 16x64/2µ [Tc] where µ=0,1,2, .. refer to SCSs of 15kHz, 30kHz, 60kHz .., respectively. The limits for TA adjustment accuracy (TAadj) are 256/256/128/32 *Tc for SCSs of 15/30/60/120 kHz, respectively. With the assumptions above, the range of Tg (absolute values) for different numerologies can be calculated as follows:
Tg(min) = (NTAoffset - TAres/2 - TAadj)
Tg(max) = (NTAoffset + TSymbol + TAres/2 + TAadj)
[bookmark: _Hlk12272070]Range of Tg = Tg(max) – Tg(min) = TSymbol + TAres + 2*TAadj
As the T_delta = -(Tg/2) the min and max values will become:
T_delta(min) = -(NTAoffset + TSymbol + TAres/2 + TAadj)/2
T_delta(max) = -(NTAoffset - TAres/2 - TAadj)/2
Min/max values and resulted range of T_delta per SCS, with TAoffset of 13792 *Tc, is shown in Table 1.
[bookmark: _Ref11934960]Table 1 Range of T_delta
	SCS [kHz]
	TSymbol [Tc]
	Max T_delta [Tc]
	Min T_delta [Tc]
	Range [Tc]

	15
	140288
	384 – NTAoffset/2
	-70528 – NTAoffset/2
	[-77424, -6512]

	30
	70144
	256 – NTAoffset/2
	-35328 – NTAoffset/2
	[-42224, -6640]

	60
	35072
	128 – NTAoffset/2
	-17664 – NTAoffset/2
	[-24560, -6768]

	120
	17536
	48 – NTAoffset/2
	-8816 – NTAoffset/2
	[-15712, -6848]



Proposal 1: As the response to Action 1 of the RAN1 LS, the range of T_delta values is proposed to be as defined in Table 1.

Granularity of T_delta
The agreement for the T_delta granularity in RAN4#92 was following: 
Agreement: Granularity of T_delta for FR1
· 64Tc
Agreement: Granularity of T_delta for FR2 is 32Tc
Having fixed value for the T_delta granularity of a FR, the maximum number of bits will be required for the smallest SCS case: according to the Table 1, the largest CEIL(log2(range/granularity) is 11 with FR1 (15 kHz SCS) and 10 with FR2 (60kHz SCS). Hence, 11-bit IE would be needed for T_delta signalling.
Observation 1: With the agreed values for T_delta range and with proposed T_delta range, 11-bits IE would be needed for T_delta signalling.
Conclusion
In this contribution we have analysed the representation of T_delta and what would be a suitable range. Based on the analysis we propose:
Proposal 1: As the response to Action 1 of the RAN1 LS, the range of T_delta values is proposed to be as defined in Table 1.

With the proposed range, following observation was made:
Observation 1: With the agreed values for T_delta range and with proposed T_delta range, 11-bits IE would be needed for T_delta signalling.
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