[bookmark: OLE_LINK5][bookmark: OLE_LINK6][bookmark: _Ref452454252]3GPP TSG-RAN WG4 Meeting #92                 	R4-1908920
Ljubljana, Slovenia, 26 – 30 August 2019

Source:	Nokia, Nokia Shanghai Bell 
[bookmark: _Hlk16520964]Title:	Range and granularity of T_delta
Agenda item:	9.5.4
Document for:	Discussion
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.
In this contribution we analyze the requirements for T_delta range and granularity and what could be the LS response to RAN1. In this contribution we are assuming that the definition of T_delta is either one proposed by RAN1 [2] as either option should be feasible as discussed in [4].
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) enables better IAB node synchronization than what could be achieved by having the same granularity as TA.

Range of T_delta
There could be various reasons to have additional offset for the RX-TX as well as TX-RX switching gap at the parent node. The gap could be extended in certain (cross-link) interference (CLI) scenarios to provide larger separation of DL and UL signals. Also, adjusted gap could aim for symbol alignment to enable more efficient mitigation of CLI. The gap extension can be done with symbol resolution to align with normal gap expression.
The RX-TX switching gap Tg is always > TAoffset and with the Opt.2 for T_delta definition [1] 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 case assuming the symbol is used to extend the RX-TX gap only, the max absolute value of T_delta would become (NTAoffset*Tc + TSymbol)/2.
Because of finite granularity of TA command (TAres), the actual UL timing adjustment may have additional error. 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). The specified resolution depends on the SCS, i.e. 16x64/2µ [Tc] where µ=0,1,2, .. are for 15kHz, 30kHz, 60kHz .., respectively. With the assumptions above, the range of T_delta (absolute values) for different numerologies can be calculated as follows:
T_delta(min) = (NTAoffset - TAres/2)/2
T_delta(max) = (NTAoffset + TSymbol + TAres/2)/2
[bookmark: _Hlk12272070][bookmark: _Hlk12272153]Range = T_delta(max) – T_delta(min) = TSymbol/2+ TAres/2 = (TSymbol+ TAres)/2
Resulted min/max values and the range of T_delta are tabulated in Table 1.
[bookmark: _Ref11934960]Table 1 Range of T_delta (absolute values)
	SCS [kHz]
	Min T_delta [Tc]
	Max T_delta [Tc]
	Range [Tc]

	15
	6640
	77296
	70656

	30
	6768
	42096
	35328

	60
	6832
	24496
	17664

	120
	6864
	15696
	8832



With the Opt.1 of the T_delta definition, the calculation will become following assuming min absolute T_delta saturates to “0”:
T_delta(min) = 0
T_delta(max) = (TSymbol + TAres/2)/2
Range = (TSymbol+ TAres/2)/2
With these assumptions, the range would become almost identical for both Opt.1 and Opt.2 with the difference of TAres/4 which is marginal considering the whole value range. With Opt.2 the absolute value is additionally NTAoffset/2 but that does not seem to have major influence how the T_delta will be expressed, see section 2.2. Hence, from RAN4 perspective, there is no clear preference among the two options and the decision can be left to RAN1.
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 so far is from  RAN4#91 stating that the T_delta granularity should be smaller than the TA resolution. Similar to the TA measurement, the achievable time resolution to measure and derive T_delta depends on the bandwidth and sampling of the measured signal. Therefore, it would be logical to link the T_delta granularity to the used SCS as the TA granularity (TAgran) is a function of SCS.
According to the error calculations presented in [5], the granularity of T_delta being ¼ of TA granularity will mean only marginal impact on total synchronization error and in practice no degradation to the tolerated number of hops. More coarse granularities start to have negative impact also on the hop count.
Proposal 2: Proposed granularity of T_delta is TAgran/4.
With these granularities the number of bits required for the whole range of T_delta will become as shown in Table 2.
Table 2 Required number of bits for T_delta with the defined range and granularity 
	SCS [kHz]
	Max /Opt.1 [Tc]
	Max /Opt.2 [Tc]
	TA granularity
	# of required bits
for T_delta

	
	
	
	[Tc]
	Opt.1
	Opt.2

	15
	70400
	78064
	1024
	9
	9

	30
	35200
	42480
	512
	9
	9

	60
	17600
	24688
	256
	9
	9

	120
	8800
	15792
	128
	9
	9



Because the symbol length is dominating in the T_delta values especially with small SCSs, the difference between Opt.1 and Opt.2 become marginal. In fact, the required number of bits to present the whole range of T_delta will have to be defined for the worst case. The calculation shows also that the required number of bits are identical for the two options. Based on the calculation, 9 bits would be needed to express T_delta.
Observation 1: If the proposals above are acceptable, T_delta can be expressed with 9-bit IE.
Conclusion
In this contribution we have analysed the representation of T_delta and what would be the range and suitable granularity. 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.
Proposal 2: Proposed granularity of T_delta is TAgran/4.
With the proposed range, following observation can be made:
Observation 1: If the proposals above are acceptable, T_delta can be expressed using 9-bit IE.
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