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Introduction
RAN4 decided the range and granularity of T_delta indication as following: 
· The granularity of T_delta for IAB OTA timing alignment is 64Tc for FR1 and 32Tc for FR2 [1].
· The ranges of T_delta for different numerologies as shown in the below table. The detailed signaling design is dependent on RAN2 decision.
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


RAN2 further informed RAN1 of following LS request [3]: 
RAN2 confirmed that the T_delta MAC CE shall not contain SCS. Additionally, RAN2 discussed where (in RAN1 or RAN2 specifications) the mapping between the T_delta index and the actual value of T_delta should be captured. In light of this discussion, RAN2 has the following two items for RAN1’s attention and action:
1. RAN2 would like to inform RAN1 of its preference to have this mapping captured in RAN1 specifications, and would like to respectfully ask RAN1 to take appropriate action (or notify RAN2 as a matter of priority if this RAN2 preference cannot be met by RAN1).
2. As already mentioned, the size of the T_delta field (containing the index value of T_delta) is 11 bits. If RAN1 finds this inadequate, RAN2 would very much appreciate it if RAN1 could inform RAN2 at their earliest convenience and provide the number of bits required (if different from 11).
This contribution discusses the RAN1 design aspects for the quantization mapping of T_delta.  
Another remaining issue in case-1 timing is the autonomous NTA rounding, which was inherited from Rel-15 UE behavior that is applicable on an active UL BWP with lower SCS in a TAG. This autonomous NTA rounding is not controllable by parent node to match appropriate T_delta measurement and therefore may result in timing error in (NTA+T_delta)/2. This issue is also discussed in this contribution.   
Discussions 
T_delta quantization within Timing Delta MAC-CE
According to RAN4 conclusion, the T_delta value range is dependent on SCS: the higher the SCS, the smaller the T_delta value range. In order to determine whether the T_delta value range of lower SCS can be used per signaling wise for the T_delta indication, where T_delta is measured upon signal with higher SCS, the following considerations should be taken into account in RAN1 discussion:
· In case the backhaul UL of IAB node contains both normal UL and SUL, where normal UL and SUL have different SCS and can dynamically switch in between for PUSCH transmission, it would be anyway difficult for the IAB node and the parent node to sync-up on the actually-used SCS to differentiate T_delta value range.    
· From RAN1 perspective, the algorithm of OTA-based case-1 timing does not impose any requirement on T_delta value range. 
· RAN2 confirms [3] that SCS is not contained in Timing Delta MAC-CE. 
· The RAN4 LS [2]states that, for T_delta value range, “The detailed signaling design is dependent on RAN2 decision”, i.e., the signaling range can be larger than the RAN4-concluded value range.
Based on above considerations, we have following observation:
Observation 1: There is no need to introduce SCS-based value range in T_delta quantization mapping and T_delta indication. 
The next issue is whether the T_delta quantization mapping should adopt FR-based granularity. We take the following into consideration. 
· Although T_delta granularity may involve timing measurement accuracy requirement/capability in different FR, the signaling granularity can be different from measurement granularity. Even if the measurement granularity is 64Tc, the signaling granularity can still be 32Tc. In this case, the parent node can use any one of two consecutive quantization steps to represent a measured T_delta. 
· Different T_delta granularities do not lead to different principles/procedures to perform case-1 timing. 
· As of current NR Rel-16, CA and NR-NR DC across FR1 and FR2 are supported. However, there is no SUL band defined in FR2. This means the uplink associated with a specific serving cell is in either FR1 or FR2, but would not contain carriers from both FR’s.    
Based on above considerations, any of following three options is feasible: 
· Option 1: T_delta signaling granularity is 32Tc in Rel-16. 
· Option 2: T_delta signaling granularity is 32Tc if UL (or equivalently the paired DL) of the serving cell indicating T_delta falls in FR2, 64Tc otherwise.
· Option 3: T_delta signaling granularity is 32Tc if T_delta to be indicated falls into the value range that RAN4 decided for FR2, 64Tc otherwise.
Combining the analysis on both T_delta value range and granularity, the general framework of T_delta quantization can be formulated as following, with three options: 
Proposal 1: An index value  in Timing Delta MAC-CE, where , represents the T_delta value x satisfying  in unit of Tc, where , and  are given by the following.
· Option 1 (same value range and same granularity for all SCS+FR combinations, requiring 12 bits)
, , 
· Option 2 (both value range and granularity depend on FR but not on SCS, requiring 11 bits)
	FR for serving cell indicating T_delta
	
	
	

	FR1
	1199
	-70528
	64

	FR2
	740
	-17664
	32


· Option 3 (granularity depends on value/index range per FR, requiring 11 bits)
	value range of 
	 range
	
	
	

	FR1 range only: [-70528, -17664]
	
	1573
	-70528
	64

	FR1/FR2 overlapping range: [-17664, 6256]
	
	
	-44096
	32


Figure 1 shows the quantization mapping between T_delta index and T_delta value for the three Options in Proposal 1, respectively. For simplicity purpose, the curves are drawn with straight lines instead of ones with step function.   
[image: ]
[bookmark: _Ref35254336]Figure 1 T_delta quantization mapping
The last issue is the parent node behavior in case the measured T_delta does not fall into the range that can be indicated by an ITdelta for . Because the specification does not capture parent node behavior in general, it can be assumed the parent node would not indicate T_delta via MAC-CE if measured T_delta exceeds the range corresponding to . 
Proposal 2: The parent node is not expected to indicated T_delta if the measured T_delta exceeds the range corresponding to . This may not be captured in specification.
SCS-based rounding of UL Tx timing  
Rel-15 has following specification text in TS 38.213 for UL-Tx timing rounding in case there are multiple UL SCS in a TAG for a UE:

If a UE has multiple active UL BWPs, as described in Subclause 12, in a same TAG, including UL BWPs in two UL carriers of a serving cell, the timing advance command value is relative to the largest SCS of the multiple active UL BWPs. The applicable  value for an UL BWP with lower SCS may be rounded to align with the timing advance granularity for the UL BWP with the lower SCS while satisfying the timing advance accuracy requirements in [10, TS38.133]. 
When IAB node MT behaves as a “UE” to follow the Rel-15 UE behavior, the specification text of “may be rounded” can lead to three alternatives if the NTA rounding is applicable to the UL of the serving cell indicating T_delta: 
· Alt-1: The IAB-node MT never performs NTA rounding on the UL of the serving cell indicating T_delta. 
· Alt-2: The IAB-node MT always performs NTA rounding on the UL of the serving cell indicating T_delta.
· Alt-3: The IAB-node MT may perform NTA rounding at a time but not perform NTA rounding at another time, on the UL of the serving cell indicating T_delta.  
Alt-3 may introduce potential timing errors in one-way propagation delay estimation, because the paired NTA and T_delta may not be able to lock on the same rounding to fully cancel the rounding effect. The Alt-2 can be still challenged by the rounding criteria of “satisfying the timing advance accuracy requirements in [10, TS38.133]”. Among three alternatives, Alt-1 is the safest behavior for IAB-node MT. Meanwhile, Alt-1 does not go beyond what is allowed by current specification and does not either require additional coordination between IAB node and its parent node. Therefore it can be further discussed whether the specification should introduce new restriction to local IAB-node MT behavior. 
Proposal 3: IAB-node MT shall not perform NTA rounding on the uplink associated with the serving cell that indicates T_delta. 
·  RAN1 to decide whether to capture this restriction in specification or just in RAN1 meeting minutes. 
Conclusion
Based on above discussion, this contribution concludes with the following proposals:
Proposal 1: An index value  in Timing Delta MAC-CE, where , represents the T_delta value x satisfying  in unit of Tc, where , and  are given by the following.
· Option 1 (same value range and same granularity for all SCS+FR combinations, requiring 12 bits)
, , 
· Option 2 (both value range and granularity depend on FR but not on SCS, requiring 11 bits)
	FR for serving cell indicating T_delta
	
	
	

	FR1
	1199
	-70528
	64

	FR2
	740
	-17664
	32


· Option 3 (granularity depends on value/index range per FR, requiring 11 bits)
	value range of 
	 range
	
	
	

	FR1 range only: [-70528, -17664]
	
	1573
	-70528
	64

	FR1/FR2 overlapping range: [-17664, 6256]
	
	
	-44096
	32



Proposal 2: The parent node is not expected to indicated T_delta if the measured T_delta exceeds the range corresponding to . This may not be captured in specification.
Proposal 3: IAB-node MT shall not perform NTA rounding on the uplink associated with the serving cell that indicates T_delta. 
·  RAN1 to decide whether to capture this restriction in specification or just in RAN1 meeting minutes. 

Text proposals for TS38.213
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Integrated access-backhaul operation
<Unchanged text is omitted>
If an IAB-node
 is provided a value
 
 from a serving cell, 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
, with the following exception:
IAB node MT part does not perform 
 rounding defined in Clause 4.2 on the uplink associated with the serving cell 
that provides
 
.
 
The IAB-node may use the time difference to determine a DU transmission time.
 is provided by an index 
 in Timing Delta MAC control element [ref to Clause 6.1.3, TS38.321], where 
, and the 
 represents
 
 
value 
x
 satisfying 
 in unit of 
Tc
.
,
 and 
 are given by 
[pick one option]
Option 1: 
, 
, 
Option 2:
FR for serving cell indicating T_delta
FR1
1199
-70528
64
FR2
740
-17664
32
Option 3:
 range
1573
-70528
64
-44096
32
<Unchanged text is omitted>
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