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In RAN2#109e, an LS was sent to RAN1 on T_delta in IAB [1]. According to RAN2 agreements, there is no SCS field in MAC-CE for T_delta and the length of the T_delta field is 11 bits (asking RAN1 whether it is inadequate). Besides, RAN4 provided a table on T_delta in the following [2]:
 Table 1. Range of T_delta
	SCS [kHz]
	Max T_delta [Tc]
	Min T_delta [Tc]

	15
	- [image: ]/2 + 6256
	- [image: ]/2 - 70528

	30
	- [image: ]/2 + 6128
	- [image: ]/2 - 35328

	60
	- [image: ]/2 + 6032
	- [image: ]/2 - 17664

	120
	- [image: ]/2 + 6032
	- [image: ]/2 - 8816


In this contribution, the field length and index value mapping of T_delta are discussed. 
[bookmark: _Ref129681832]Discussion 
In NR, SCS with 15, 30 and 60 kHz can be applicable for FR1, while 60 and 120 kHz can be applicable for FR2. The length of T_delta field for different frequency ranges and different SCS was analyzed in [3].
Table 2. Analysis for T_delta index and signaling filed length
	FR
	Granularity [Tc]
	SCS [kHz]
	Range [Tc]
	Required index
	Required length for signaling [bits]

	FR1
	64
	15
	6256+70528=76784
	ceil(76784/64)=1200
	11

	
	
	30
	6128+35328=41456
	ceil(41456/64)=675
	10

	
	
	60
	6032+17664=23696
	ceil(23696/64)=371
	9

	FR2
	32
	60
	6032+17664=23696
	ceil(23696/32)=740
	10

	
	
	120
	6032+8816=14848
	ceil(14848/32)=464
	9


In the table, the ceil function means rounding up. To capture the mapping between the index and value of T_delta, there are two possible options which will be discussed in following sub-sections.
Option 1: Different granularities for different FRs with given T_delta range
To map the index to value of T_delta, the relationship between them should be given separately for each FR. Considering different granularities in frequency ranges and min/max values for each SCS, one unified formula for T_delta can be summarized as:

Where  is an index which can be provided to an IAB node. If we strictly follow RAN4 guidance [4] (64Tc for FR1 and 32Tc for FR2), , , and  should be captured as shown in Table 3
Table 3. Parameter table for determining T_delta
	FR
	
	
	
	

	FR1
	0
	6256
	-70528
	64

	
	1
	6128
	-35328
	64

	
	2
	6032
	-17664
	64

	FR2
	2
	6032
	-17664
	32

	
	3
	6032
	-8816
	32


Observation 1: A formula can be defined for T_delta with an additional table to capture various granularities and min/max values.
An example TP for option 1 is given as following:
	14	 Integrated access-backhaul operation
=======================<Unchanged text is omitted>=================================
If an IAB-node is provided an index  from serving cell by the MAC CE as described in [11, TS38.321], the IAB node determines the value T_delta as follows:

where  is obtained as for a "UE" in Clause 4.2. , , and  are determined according to Table 14.2.
Table 14.2. Parameter table for determining T_delta
	FR
	
	
	
	

	FR1
	0
	6256
	-70528
	64

	
	1
	6128
	-35328
	64

	
	2
	6032
	-17664
	64

	FR2
	2
	6032
	-17664
	32

	
	3
	6032
	-8816
	32


If an IAB-node is provided a value  from a serving cell, the The IAB-node may assume that  is a time difference between a DU transmission of a signal from the serving cell and a reception of the signal by the IAB-node MT when , where  and  are obtained as for a "UE" in Clause 4.2 for the TAG containing the serving cell. The IAB-node may use the time difference to determine a DU transmission time. 
========================<Unchanged text is omitted>================================



Option 2: The same granularity for different FRs with modification on T_delta range
The values of T_delta range given by RAN4 are not easy for RAN1 to capture by a simple mapping formula. However, this issue can be solved by making some modifications on those values. For the maximum T_delta range, it can be set to (- [image: ]/2 + 6256) for all SCS and FR which covered all given upper bound of ranges. Similar for the minimum number of T_delta range, they can be unified to a multiple of 8816 with a relation to its numerology. 
Table 4. An example of modified range
	SCS [kHz]
	Max T_delta [Tc]
	Min T_delta [Tc]

	
	original
	Modified
	original
	modified

	15
	- [image: ]/2 + 6256
	- [image: ]/2 + 6256
	- [image: ]/2 - 70528
	- [image: ]/2 - 70528

	30
	- [image: ]/2 + 6128
	- [image: ]/2 + 6256
	- [image: ]/2 - 35328
	- [image: ]/2 - 35264

	60
	- [image: ]/2 + 6032
	- [image: ]/2 + 6256
	- [image: ]/2 - 17664
	- [image: ]/2 - 17632

	120
	- [image: ]/2 + 6032
	- [image: ]/2 + 6256
	- [image: ]/2 - 8816
	- [image: ]/2 - 8816


By doing those modifications, the formula of T_delta can be present as a unified formula: 

Where  and  = 0, 1, 2, ..., 2400,   is the index provided by parent node. In this case, 12 bit field length is required for MAC CE signaling.
Observation 2: A simplified formula of T_delta can be defined by making some modifications on the ranges provided by RAN4. No additional table is needed in this case.
An example TP for option 2 is given as following:
	[bookmark: _Toc29899172][bookmark: _Toc29899590][bookmark: _Toc29894873][bookmark: _Toc29917326]14	 Integrated access-backhaul operation
=======================<Unchanged text is omitted>=================================
If an IAB-node is provided an index  from serving cell by the MAC CE as described in [11, TS38.321], the IAB node determines the value T_delta as:

The IAB-node may assume that  is a time difference between a DU transmission of a signal from the serving cell and a reception of the signal by the IAB-node MT when , where  and  are obtained as for a "UE" in Clause 4.2 for the TAG containing the serving cell. The IAB-node may use the time difference to determine a DU transmission time. 
=======================<Unchanged text is omitted>=================================



Summary
The comparison of two options above and their Pros and Cons are summarized in Table 5.
Table 5. Comparison of T_delta index mapping options
	
	Pros
	Cons

	Option 1
	Unified formula with T_delta values fully aligned to RAN4 agreements
	Beside the formula, an extra table is required for capturing various ranges and granularities.

	Option 2
	Unified formula for all SCS and FR
	Potential need to check with RAN4 on those modified numbers


Proposal: Considering either TP for option 1 or option 2 when capturing T_delta in TS 38.213. 
Conclusions
In this contribution, several issues on T_delta indication signalling are discussed, we observe:
Observation 1: A formula can be defined for T_delta with an additional table to capture various granularities and min/max values.
Observation 2: A simplified formula of T_delta can be defined by making some modifications on the ranges provided by RAN4. No additional table is needed in this case.
And we propose:
Proposal: Considering either TP for option 1 or option 2 when capturing T_delta in TS 38.213. 
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