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Introduction
The WID for enhanced IAB specifies the following objectives of IAB work item regarding support for simultaneous operation:
	Specification of IAB-node timing mode(s), extensions for DL/UL power control, and CLI and interference measurements of BH links, as needed, to support simultaneous operation (transmission and/or reception) by IAB-node’s child and parent links.


In this contribution, we present our views on the remaining issues to timing modes to support simultaneous operation.
Timing
The following timing related agreement were made in RAN1 #107-e [1]:
	Agreement
Select Alt 2 from the aforementioned RAN1#106b-e agreement without specification impact other than the following:
· Alt A: the T_delta range is updated to support Case 6 timing.
FFS: Update of one-way delay estimation equation in TS38.213 subclause 14


The following timing related agreements were made in RAN1 #106-bis-e [2]:
	Agreement
RAN1 to downselect in RAN1#107-e one of the following for an OTA timing synchronization mechanism to enable/maintain Case 6 timing mode:
· Alt 1: no change or enhancement to the Rel-16 OTA synchronization specification is supported in Rel-17 for Case 6 timing.
· Alt 2: in Rel-17 the Rel-16 OTA synchronization specification is updated to support OTA synchronization for an IAB-node operating solely in Case 6 timing during IAB-MT Tx. 
· FFS range of T_delta.
NOTE: this is to provide a feasible solution to the RAN1#103-e agreement: “An IAB-node can rely on an OTA timing synchronization mechanism to enable/maintain Case 6 timing mode”



Range of T_delta
In [3], RAN4 recommended the range of , which provides information about the relation of DL Tx and UL Rx timing at a parent IAB-node,

to an IAB-node according to Table 1.
[bookmark: _Ref91980857]Table 1: Range of  in Rel-16 (Case-1) according to RAN4 recommendation
	SCS [kHz]
	Max  [Tc]
	Min  [Tc]

	15
	
	

	30
	
	

	60
	
	

	120
	
	



RAN1 chose to express  by

 with  signaled via MAC CE and  and  specified in TS 38.213 [4].

The parent IAB-node determines , given a certain UL Rx timing, by solving for .
[bookmark: _Ref92051822]Equation 1			
The relation of DL Tx, UL Rx timing and ,  and  for Rel-16 Case-1 timing configurations is illustrated in Figure 1.
[image: ]
[bookmark: _Ref92047032]Figure 1: Relation of DL Tx, UL Rx timing and ,  and .
Vice versa, given a (range of) , the (range of) UL Rx timing at a parent IAB-node is determined. As can be seen from Figure 1, a required minimum of  in case of Case-6 timing constellations is given when UL Rx timing equals DL Tx timing, which reflects the case when the parent BH link propagation delay would be just 0. The Rel-16 range (i.e., Case-1) of  does not allow for such . It can be concluded that the range of  for Case-1 and Case-6 do not overlap. 
[bookmark: _Toc95772195]In Rel-16, UL Rx timing is always advanced to DL Tx timing and specified accordingly.
In Rel-17, Case-6 UL Rx timing is strictly delayed relative to DL Tx timing.
The T_delta range required for Case-6 does not overlap with the Rel-16 specified range.
In fact, Table 2 and Table 3 provide the maximum Rel-16  and the minimum required  for Case-6. It is evident that the maximum Rel-16 values do not exceed the required minimum Rel-17 values.
[bookmark: _Ref92050124]Table 2: Range of  (MAC CE) for Case-1
	SCS [kHz]
	Min 
	Max 

	15
	0
	1199

	30
	550
	1197

	60
	0
	740

	120
	276
	740



[bookmark: _Ref92050137]Table 3: Minimum  (MAC CE) for Case-6 (i.e., zero propagation delay, UL Rx = DL Tx timing)
	
	
	Min 

	FR1
	25600
	1302

	
	39936
	1414

	FR2
	13792
	767,5



If an IAB-node is operating in Case-6 timing, its MT Tx timing is set to the node’s DL Tx timing. As a consequence, the UL Rx timing at the parent IAB-node can only be after the DL Tx timing (assuming parent and IAB-node have synchronized DL Tx timing). In other words, the UL Rx timing at the parent IAB-node is impossible to remain advanced to the DL Tx timing. With the current range of , it is impossible to provide information about such a timing arrangement and therefore it was agreed in [RAN1#107] that the range of  is updated to support Case 6 timing.
Currently, the maximum value for  MAC CE is 1199 [5], signalled with an 11 bit-field. This is not sufficient to support  based OTA sync during operation in Case-6. If the maximum range of 11 bit, i.e., 2047 would be allowed, there is minimal specification impact and 2047 is at least large enough to cover any minimally required  (see also Table 3). No change of the current signalling specification for the  MAC CE is needed. If an IAB-node is operating in a Case-6 timing configuration, the UL Rx timing at the parent IAB-node is delayed relative to the DL Tx timing by the amount of the IAB-node’s parent BH link propagation delay. Using Equation 1 and assuming a maximum , this results in maximum supported parent BH link propagation delay, , as given in Table 4 (in terms of distance).
[bookmark: _Ref92052146]Table 4: Maximum link distance assuming 
	
	
	Max BH distance [km]

	FR1
	25600
	14,5

	
	39936
	12,4

	FR2
	13792
	12,5



[bookmark: _Toc95772199]Extend the valid T_delta,index range from (0,1…1199) to (0,1…2047).
Limiting a maximum T_delta,index to 2047 is likely not sufficiently supportive for public safety scenarios [6] or mission critical deployments. In the 16-bit MAC CE carrying information about T_delta,index, 5 bit are unused. Thus, it is appreciated and according to the last meetings agreement regarding updating the T_delta range, if signalling of T_delta,index is updated to 12 bits. This would certainly support all realistic IAB deployments no matter the deployment intention. The supported distances for a (parent) backhaul link, assuming a Case-6 timing mode, are indicated in Table 5.
[bookmark: _Ref95406203]Table 5: Maximum link distance assuming .
	
	
	Max BH distance [km]

	FR1
	25600
	54,5

	
	39936
	52,4

	FR2
	13792
	32,5



[bookmark: _Toc95772196]If T_delta,index is represented by 12 bits, all realistic IAB deployments no matter the deployment intention would be supported.
[bookmark: _Toc95772200]Extend the bit field (and accordingly the value range) of the T_delta MAC CE to 12 bits.
Case-7 Indication
With the Case-6 range extension, all possibly required values for T_delta,index that can appear in Case-7 scenarios are included to support T_delta,index indication signalled by the UL receiving – for both UL Tx timing advanced or delayed relative to the node’s DU DL Tx timing. As can be seen by comparing Table 2 and Table 3, the range of T_delta,index for Case-6 and Case-1 timing configurations are strictly non-overlapping. It is therefore sufficient to have only an indication whether a signalled T_delta,index is associated with a Case-7 timing configuration, or not. This can be achieved with minimum specification impact by including a flag in the T_delta MAC CE, using 1 bit.
[bookmark: _Toc95772201]Include a 1-bit flag in the T_delta MAC CE indicating the signalled value is associated to a Case-7 timing mode.
One-way Delay Estimation
In the RAN1#107 agreement on the update of the T_delta range, it is left for FFS whether an update of one-way delay estimation equation in TS38.213 subclause 14 is needed. Current TS 38.213 states
	If an IAB-node is provided an index  in a Timing Delta MAC CE [11, TS 38.321] 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-MT when , where  is obtained as for a "UE" in clause 4.2 for the TAG containing the serving cell and  and  are determined as
-	 and , if the serving cell providing the Timing Delta MAC CE operates in FR1, 
-	 and , if the serving cell providing the Timing Delta MAC CE operates in FR2



The Rel-16 procedure of an estimation of a one-way propagation delay relies on information about  and .  is assumed to be provided by the parent IAB-node via MAC CE signalling, based on the parent IAB-node’s determination of the relation of its UL Rx and DL Tx timing.  is assumed to be derived from the timing advance control to determine  [7], the relation between the IAB-MT’s DL and UL frame start. In Rel-16, it is assumed the  is the result from consecutive incremental updates via TA command MAC CE by the parent IAB-node. At least in a Rel-17 Case-6 timing mode, this is not true anymore, but per agreement [8] the IAB-MT Tx timing is set by the node to the timing obtained for the node’s DL Tx. As a consequence, the IAB-MT transmit timing (equivalently the IAB-MT’s TA) is not set by the parent IAB-DU. Nevertheless, the IAB-MT still has a relation of its DL Rx and UL Tx timing, which in turn also defines a corresponding . In other words, a given  determines uniquely a TA (), but also the opposite is true that a given TA () determines uniquely a . This is irrespectively of the origin for a certain  or .
[bookmark: _Toc95772197]A given  determines uniquely a TA (), but also the opposite is true that a given TA () determines uniquely an .
Any such  together with the  signalled by the parent IAB-DU can be used to correctly estimate the parent BH link propagation delay.
As the FFS seems to ask for further clarification in specification, we propose to introduce an intermediate  that allows differentiating whether  is obtained as for a "UE" in clause 4.2 for the TAG containing the serving cell, or whether  is determined by the IAB-node based on a Case-6 timing configuration.
	If an IAB-node is provided an index  in a Timing Delta MAC CE [11, TS 38.321] 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-MT when , where for Case-1 timing mode  is equal to  is as obtained as for a "UE" in clause 4.2 for the TAG containing the serving cell, and where for Case-6 or Case-7 timing modes,  is obtained by the IAB-node based on the IAB-MT’s TA according to , and  and  are determined as
-	 and , if the serving cell providing the Timing Delta MAC CE operates in FR1,
-	 and , if the serving cell providing the Timing Delta MAC CE operates in FR2



[bookmark: _Toc95772202]Adopt the proposed changes in the text box above regarding the one-way delay estimation equation.
Case-6 Initialization
In case of Case-7 timing mode, by the IAB-node providing a Case-7 timing offset, both the IAB-node performing Case-7 timing as well as the child IAB-node have consistent information about what transmission timing (at child node) to use and what reception timing (at the IAB-node) to expect.
There has not been any discussion so far on how to initialize a parent IAB-node’s UL Rx for receiving from an IAB-node operating in Case-6 timing mode. Even if RAN1 would agree on the parent to rely on tracking a reception timing, there must be at least an initial successful reception.
In Case-6, since the UL Rx timing of parent IAB-node is not under timing control by the parent IAB-node, the question is how to initialize reception at the parent IAB-node with proper timing. Practically, the parent IAB-node’s UL Rx timing is delayed relative to the parent IAB-node’s DL Tx timing by the parent BH link propagation delay. Thus, it would be sufficient for the parent IAB-node to know the (estimated) propagation delay. The propagation delay, TA (as set or measured at the IAB-node) and T_delta (as set or measured at the parent IAB-node) have an unambiguous relation in that knowing two of the parameters, determines the third. The parent IAB-node knows neither the propagation delay nor the IAB-node’s TA, unless provided with additional information by the Case-6 transmitting IAB-node.
As an alternative to signalling TA or the propagation delay to the parent node, the IAB-node could simply indicate to its parent node by how much the IAB-node would change its timing from its current UL Tx timing to the target UL Tx timing. The parent node can then know by how much a future UL Rx timing during Case-6 operation will differ from the parent IAB-node’s current one.
[bookmark: _Ref95464875][bookmark: _Toc95772198]One of the following three alternatives can be selected to initialize a parent IAB-node’s UL Rx timing for receiving from an IAB-node operating in Case-6 timing:

The IAB-node indicates to its parent node
Alt. 1: its TA, or
Alt. 2: its estimate of its parent BH link propagation delay, or
Alt. 3: by how much it will change its UL Tx timing from its current timing to the target timing.
[bookmark: _Toc95772203]For a parent IAB-node to initialize its UL Rx timing for receiving from an IAB-node operating in Case-6 timing, the IAB-node indicates to its parent node by how much it will change its UL Tx timing from its current timing to the target timing.
The timing configurations are too different and too important that they should not be confused due to improper coordination. The explicit indication by the parent node when Case-6 timing is performed at the IAB-node should be acknowledged by the IAB-node.
[bookmark: _Toc95772204]The explicit indication by the parent node when Case-6 timing is performed at the IAB-node should be acknowledged by the IAB-node.
As we discussed above (see Observation 4), the IAB-node operating in or about to start operating in Case-6 timing needs to provide some information to the parent node. Any acknowledgement by the Case-6 IAB-node could be complemented, or could be substituted by, e.g., TA signalling to the parent IAB-node.
[bookmark: _Toc95772205]After an IAB-node received an explicit indication by the parent node to operate in Case-6, the signalling of the parent IAB-node Rx timing initialization value by an IAB-node is treated as an acknowledgement.
Conclusion
In the previous sections we made the following observations: 
Observation 1	In Rel-16, UL Rx timing is always advanced to DL Tx timing and specified accordingly. In Rel-17, Case-6 UL Rx timing is strictly delayed relative to DL Tx timing. The T_delta range required for Case-6 does not overlap with the Rel-16 specified range.
Observation 2	If T_delta,index is represented by 12 bits, all realistic IAB deployments no matter the deployment intention would be supported.
Observation 3	A given  determines uniquely a TA (), but also the opposite is true that a given TA () determines uniquely an .
Observation 4	One of the following three alternatives can be selected to initialize a parent IAB-node’s UL Rx timing for receiving from an IAB-node operating in Case-6 timing:  The IAB-node indicates to its parent node Alt. 1: its TA, or Alt. 2: its estimate of its parent BH link propagation delay, or Alt. 3: by how much it will change its UL Tx timing from its current timing to the target timing.

Based on the discussion in the previous sections we propose the following:
Proposal 1	Extend the valid T_delta,index range from (0,1…1199) to (0,1…2047).
Proposal 2	Extend the bit field (and accordingly the value range) of the T_delta MAC CE to 12 bits.
Proposal 3	Include a 1-bit flag in the T_delta MAC CE indicating the signalled value is associated to a Case-7 timing mode.
Proposal 4	Adopt the proposed changes in the text box above regarding the one-way delay estimation equation.
Proposal 5	For a parent IAB-node to initialize its UL Rx timing for receiving from an IAB-node operating in Case-6 timing, the IAB-node indicates to its parent node by how much it will change its UL Tx timing from its current timing to the target timing.
Proposal 6	The explicit indication by the parent node when Case-6 timing is performed at the IAB-node should be acknowledged by the IAB-node.
Proposal 7	After an IAB-node received an explicit indication by the parent node to operate in Case-6, the signalling of the parent IAB-node Rx timing initialization value by an IAB-node is treated as an acknowledgement.
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