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1 Introduction
In the RAN1 #98bis meeting [1], following agreements were achieved for IAB DL transmission timing alignment and an LS [2] was sent to RAN2.

	Agreements:

· For the TA and T_delta in (TA/2+T_delta), Opt-A is adopted with the following update:

· Opt-A: T_delta is given by the latest T_delta signaling, and TA represents the actual time interval at the IAB node between the start of UL TX frame i and the start of DL RX frame i, which is updated with the received TA command per Rel-15. 

· Note: it is understood that for T_delta, TA/2, and (TA/2+T_delta), they may be either current time interval or filtered over the latest two or more time intervals, up to implementation. If the filtering is applied, the resulting performance is intended to be improved (it doesn’t necessarily mean that there will be the corresponding RAN4 requirements, up to RAN4)  no RAN1 spec impact
Agreements:

· For the signalling to carry T_delta, MAC_CE is used

Send an LS to RAN2 (CCing RAN4) informing the above two agreements –Final LS in R1-1911548.  In the LS, also adding a note:
· There was one company raising concerns of the signalling reliability of using the MAC_CE to signal T_delta (causing misalignment between the parent and the child nodes), comparing with using the RRC approach, although some other companies commented that there are some ways to alleviate the concerns (e.g., by repeating the MAC_CE, by signaling T_delta along with TA command, etc.). There was another company raising concerns whether there is a need for the signaling as frequently as that can be offered by MAC_CE. 


In the last RAN2 meeting, MAC CE is confirmed for delivery of T_delta, but it is FFS whether the SCS should be indicated in the Timing Delta MAC CE. In this paper, the format for Timing Delta MAC CE is discussed from RAN2 point of view.

2 Discussion
In order to achieve time domain synchronization across multiple backhaul hops, an IAB node should set its DL TX timing ahead of its DL Rx timing by TA/2 + T_delta, where T_delta is received from its parent IAB node and is due to the factors such as Tx to Rx switching time, HW impairments, etc.
Based on the following inputs from RAN4 [3] [4].

	Granularity for T_delta:

· Granularity of T_delta for FR1 is 64Tc

· Granularity of T_delta for FR2 is 32Tc

Range for T_delta:

Table. Range of T_delta

SCS [kHz]

Max T_delta [Tc]

Min T_delta [Tc]
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In NR, SCS with 15, 30 and 60 kHz can be applicable for FR1, while 60 and 120 kHz can be applicable for FR2. Length for T_delta field is analyzed below for different frequency ranges and different SCS.
Table 1. Analyses for T_delta
	FR
	Granularity [Tc]
	SCS [kHz]
	Range [Tc]
	Required index
	Length for T_delta [bit]

	FR1
	64
	15
	6256+70528=76784
	1199.75
	11

	
	
	30
	6128+35328=41456
	674.75
	10

	
	
	60
	6032+17664=23696
	370.25
	9

	FR2
	32
	60
	6032+17664=23696
	740.5
	10

	
	
	120
	6032+8816=14848
	464
	9


For different SCSs, the range and granularity of T_delta are different. According to the analyses above, there may be two different format options for Timing Delta MAC CE, considering whether include the SCS.

Option 1: Timing Delta MAC CE with SCS
As shown in Figure 1, a 2-bit field is needed in the MAC CE to indicate the SCS of the T_delta, and an 11-bit field is for the value of T_delta. And in this option, for each received Timing Delta MAC CE, the actual value of T_delta is calculated with corresponding granularity and range.
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Figure 1. Option 1 of Timing Delta MAC CE
Observation 1: For option 1, Timing Delta MAC CE is consisted of 3 reserved bits, 2 bits for SCS and 11 bits for T_delta.
Option 2: Timing Delta MAC CE without SCS

In this option, SCS is not included. However, in order to cover all the possbile values of T_delta for different SCSs, 12 bits are needed for the maximun range [6256+70528] and the finest granularity of 32 Tc. Besides, since the differnece of highest values among all ranges are on a multiple of 32 Tc, just equal to the finest granularity. As an possible example, the relation between actual value and field value of T_delta can be formulated as: actual value = -[image: image10.wmf]offset

TA 

N

/2 + 6256 – 32 * field value.
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Figure 2. Option 2 of Timing Delta MAC CE

Observation 2: For option 2, Timing Delta MAC CE is consisted of 4 reserved bits and 12 bits for T_delta, with 32 Tc as the granularity.
Based on the discussion above, from the bit consumption point of view, option 2 is a better candidate for Timing Delta MAC CE.
Proposal 1: Timing Delta MAC CE includes 4 reserved bits, 12 bits for T_delta and no SCS filed, using 32 Tc as the granularity.
3 Conclusion and Proposals
In this contribution we further discuss the format for Timing Delta MAC CE. And we make the following observations and proposals:
Observation 1: For option 1, Timing Delta MAC CE is consisted of 3 reserved bits, 2 bits for SCS and 11 bits for T_delta.
Observation 2: For option 2, Timing Delta MAC CE is consisted of 4 reserved bits and 12 bits for T_delta, with 32 Tc as the granularity.
Proposal 1: Timing Delta MAC CE includes 4 reserved bits, 12 bits for T_delta and no SCS filed, using 32 Tc as the granularity.
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