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1	Introduction
RAN1#94 [1] made the following agreement about the IAB synchronization and timing:
Agreements:
· At least Case #1 is supported for both access and backhaul link transmission timing. 
· Further study includes additionally the following two cases (in addition to other cases #2/3/4/5)
· Case #6 (Case#1 DL transmission timing + Case #2 UL transmission timing):
· the DL transmission timing for all IAB nodes is aligned with the parent IAB node or donor DL timing (e.g. TA/2 adjustment as in Case #1)
· the UL transmission timing of an IAB node can be aligned with the IAB node’s DL transmission timing
· Case #7 (Case#1 DL transmission timing + Case #3 UL reception timing):
· the DL transmission timing for all IAB nodes is aligned with the parent IAB node or donor DL timing (e.g. TA/2 adjustment as in Case #1)
· the UL reception timing of an IAB node can be aligned with the IAB node’s DL reception timing 
· FFS: TA required for IAB nodes to support these cases
· For Case #6 and Case #7 further consider the potential impact of imperfect timing adjustment, overhead of required DL/UL switching gaps, and scheduling impact on access UEs and child IAB nodes
· Study to include aspects (including feasibility) when the IAB node is connected to one or multiple parent nodes
In this contribution, we discuss the options for IAB timing on different cases and how they possibly affect IAB operation and system operation.
2	Discussion
2.1	Case summary
As far as the IAB timings, the following conditions are considered in the design. 
· Condition 1: Alignment of DL transmission timing along the donor nodes and IAB nodes
· Condition 2: Alignment of transmission timings at an IAB node
· Condition 3: Alignment of reception timings at an IAB node
Synchronous operation and fast adaptation parent switching are the major benefits of Condition 1. Condition 2 facilitates FDM/SDM for IAB node transmission with single panel, whereas Condition 3 enables simultaneous reception using FDM/SDM and single receiving panel. However, only two out of these three conditions can be satisfied simultaneously. Various cases have been examined by taking various combinations of these conditions. 
Totally seven cases were listed as options for IAB timing, each having their specific benefits but also certain drawbacks. Cases 1-5 were discussed in RAN1#93 meeting [2], and cases 6 and 7 were newly introduced in RAN1#94 meeting. The following are the summary of all cases.
· Case #1: DL transmission timing alignment across IAB nodes and donor nodes
· Case #2: DL and UL transmission timing is aligned within an IAB node
· Case #3: DL and UL reception timing is aligned within an IAB node
· Case #4: within an IAB node, when transmitting using case 2 while when receiving using case 3
· Case #5: Case 1 for access link timing and Case 4 for backhaul link timing within an IAB node in different time slots
· Case #6: (Case1 DL transmission timing + Case 2 UL transmission timing):
· DL transmission timing for all IAB nodes is aligned with the parent IAB node or donor DL timing (e.g. TA/2 adjustment as in Case #1)
· UL transmission timing of an IAB node can be aligned with the IAB node’s DL transmission timing
· Case #7: (Case1 DL transmission timing + Case 3 UL reception timing):
· DL transmission timing for all IAB nodes is aligned with the parent IAB node or donor DL timing (e.g. TA/2 adjustment as in Case #1)
· UL reception timing of an IAB node can be aligned with the IAB node’s DL reception timing

2.2	New Case descriptions
RAN1# 94 has put forward two new cases (Case #6 and Case #7) and are studied below.
Case #6: Case 1 DL transmission timing + Case 2 UL transmission timing
· The DL transmission timing for all IAB nodes is aligned with the parent IAB node or donor DL timing 
· The UL transmission timing of an IAB node can be aligned with the IAB node’s DL transmission timing

This case is basically a combination of Condition 1 and Condition 2. For an IAB node, transmission timings align with the donor. In this case, the downlink transmission timing at an IAB node is aligned with the parent or donor node using TA/2 adjustment as in Case#1, and the UL transmission timing is aligned with the IAB node’s DL transmission timing. Thus, for a particular IAB node, both DL and UL transmission timing match as in Case #2. Therefore, Case #6 can be considered as combination of Case #1 and Case #2. 
The timings at an IAB node in Case #6 is presented in Figure 1. The BH DL transmission from a parent is received at the IAB node after a delay of T1. The IAB node will perform TA/2 shift from DL reception time to get the DL and UL transmission timings. Here, TA/2 equals the propagation delay T1 in order to maintain DL transmission timings aligned with the donor. Since the timing advancement (from IAB parent to IAB child) is absent in IAB node, the reception timing from parent (i.e., Parent BH DL Rx) and the reception timing from child (i.e., Child BH UL Rx) depends on the respective propagation delays and are not aligned.
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: Case #6 Timing
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The lining up of DL transmission timing across the nodes minimizes the time required to synchronize, when switching to new parent node. Further, because of the unified DL transmission timing, the UE see the network synchronized. Again, the alignment of transmission timing at an IAB node facilitates simultaneous transmission in BH and access links using SDM. 	However, the difference in reception timings at a node creates interference. The guard period required in switching from one mode of operation to another is studied and is summarized in Table 1. Here, Ts denotes the time required for transmission and reception switch, whereas T1 and T2 denotes the transmission delay in donor BH and child BH links, respectively.
Table 1: The Guard period required at IAB node for various switching
	
	Case #6
	Case #7

	BH DL Rx
	BH DL Rx
	-
	-

	
	BH UL Tx
	Ts+T1
	Ts+2*T1

	
	BH DL Tx
	Ts+T1
	Ts+T1

	
	BH UL Rx
	Max(T1-T2,0)
	0

	BH UL Tx
	BH DL Rx
	Max(Ts-T1,0)
	Max(Ts-2*T1,0)

	
	BH UL Tx
	-
	-

	
	BH DL Tx
	0
	0

	
	BH UL Rx
	Max(Ts-T2,0)
	Max(Ts-2*T1,0)

	BH DL Tx
	BH DL Rx
	Max(Ts-T1,0)
	Max(Ts-T1,0)

	
	BH UL Tx
	0
	T1

	
	BH DL Tx
	-
	-

	
	BH UL Rx
	Max(Ts-T2,0)
	Max(Ts-T1,0)

	BH UL Rx
	BH DL Rx
	Max(T2-T1,0)
	0

	
	BH UL Tx
	Ts+T2
	Ts+2*T1

	
	BH DL Tx
	Ts+T2
	Ts+T1

	
	BH UL Rx
	-
	-



	Since RAN1 #94 does not specify any criterion for transmission from UE’s, different timing arises when we consider UE instead of child node. In such a scenario, the TA operation can be performed in the Access UL transmission timing of UE to make the Access UL reception time align with the reference time (i.e., DL transmission time) at the IAB node. Figure 2 illustrate the Case #6 timing in case of UE node. Again, the corresponding switching time is given in Table 2. 
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: Case #6 Timing in Access link
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Table 2: Guard period for Access link switching at IAB node in Case #6
	BH DL Rx
	Access DL Tx
	Ts+T1

	
	Access UL Rx
	T1

	BH UL Tx
	Access DL Tx
	0

	
	Access UL Rx
	Ts

	Access DL Tx
	BH DL Rx
	Max(Ts-T1,0)

	
	BH UL Tx
	0

	Access UL Rx
	BH DL Rx
	Max(Ts-T1,0)

	
	BH UL Tx
	0





Case #7:
· The DL transmission timing for all IAB nodes is aligned with the parent IAB node or donor DL timing 
· The UL reception timing of an IAB node can be aligned with the IAB node’s DL reception timing 
The Conditions 1 and 3 are combined in Case #7.  Figure 3 illustrates the various timing at an IAB node employing Case #7. Similar to Case #6, the BH DL signal from donor is received at the IAB node with a delay of T1. The IAB node introduce a shift of TA/2=T1 from the reception timing in sending the DL signal to Child node/UE. By doing so IAB node ensures the alignment of DL transmission timing with the donor transmission. Again, a timing advancement, TA=2*T1, is introduced in the UL transmission timing at the IAB node in order to make the UL reception aligned with DL transmission timing at the donor. Similarly, the UL transmission timing at the child IAB node need to be adjusted such that the UL reception time is aligned with the DL reception time at the parent node.
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All nodes in the network use the same timing reference for DL transmission, and therefore Case #7 allows synchronous operation. However, the dependence of access UL transmission time on BH propagation delay increases the synchronization time when there is a change in the parent/donor node and is discussed in subsequent section. Again, alignment of reception time at a node ensures simultaneous reception from BH and access links with single panel. The guard period required for various mode shifting is evaluated and is presented in Table 1.
[bookmark: _Hlk525916237]Calculation of UL Tx timing at a child node/Access UE in Case #7:
	The UL transmission timing at a child node need to be designed such that the UL reception timing at the parent node matches with the BH DL reception time. If DL transmission time of the donor is taken as the reference, then T1 denotes the delay in receiving the BH DL packet at the IAB node. Let T2 denote the transmission delay between IAB node and the child. Now, the child node needs to schedule its UL transmission such that the packet is received at IAB node after a delay of T2 is at time T1. Thus, the UL transmission timing is given by (T1-T2). Usually the BH delay is larger than the chid link (i.e., T1>T2), and hence the quantity (T1-T2) goes positive. Thus, at the child node DL reception occurs first followed by UL transmission, and the timing advance (TA) goes negative.  The negative TA value cannot be used in the initialization phase, for the transmission of preamble and RACH message 3, according to Rel. 15 specifications [3].
2.3	Multiple parent nodes and multiple child nodes
In case #6, DL Tx of all IAB nodes are synchronized and aligned to the macro node and at an IAB node, the DL Tx and UL Tx are aligned in time. Consider two IAB nodes associated with the macro donor. The two nodes will transmit uplink frame at the same time (and synchronized with the DL transmit time of the donor). At the donor, the two UL transmissions will be received at different time instants due to difference in propagation distance. Typical value of inter micro distance is 200m. This corresponds to a propagation delay of 0.66 μsec as mentioned in Table 3. In case of 120KHz numerology, CP duration is equal to 0.58 μsec. This is less than the propagation delay. In 60KHz numerology, duration of CP is equal to 1.17 μsec. However, the combination of propagation delay and delay spread is likely to exceed CP length. Therefore, for FR2 operation, the reception of UL slot(s) from different IAB children will be misaligned at the IAB parent/donor node. This also poses a problem of negative TA for access UE attached to the donor node. Problem persists even with multi panel operation.
Table 3: Range of TA values for Case #6 and Case #7
	Case 
	TA value

	Case #6 
	0
UL transmissions are aligned with DL transmissions. Also, DL transmissions across all nodes are time aligned. 

	Case #7
	0.133 μsec to 0.66667 μsec
DL transmissions from all IAB nodes are time aligned. The TA is only due to propagation delay. Since inter micro distance can range from 40m to 200m, range of TA values is as given above.



Observation 1: In Case #6, the reception timing of BH UL from multiple IAB children will be misaligned at the IAB parent/donor node
Case #7 poses problems in case of multiple parents. Consider an IAB node attached to two parent nodes. Since DL transmission is time aligned across all IAB nodes, the transmission time is the same for all nodes. Due to difference in distance between the IAB node and its parent nodes, the propagation delay will also be different. Following the TA calculations as above, the propagation delay will exceed CP in FR2 region. The DL transmissions from the two parents will arrive at the IAB node at different time instants. This violates the requirement of timing alignment between the UL Rx and DL Rx at an IAB node. This also poses a problem of negative TA for access UEs.
Observation 2: In Case #7, supporting multiple parent at the IAB node is not possible
[bookmark: _GoBack]Table 4 summarizes the aspects of multiple parent nodes and multiple child nodes for different cases (1-7) of the IAB timing options.
Table 3: Aspects related to multiple parent nodes and multiple child nodes
	Case
	Aspects related to multiple parent nodes
	Aspects related to multiple child nodes

	#1
	Child IAB node should employ different TA values to different parents.
	 Independent TA values based on the individual propagation delays. Hence, there will not be any timing alignment problem at the parent/donor node.

	#2
	UL Tx are aligned with each other and with the DL Tx. In case of multiple parents, different TA value will be required for each parent. It is not possible to transmit with different TA, since UL transmissions are required to be time aligned.
	There will not be any timing alignment problem at the parent/donor node.

	#3
	Presence of multiple parents may violate the condition of alignment between receptions at the IAB node.
	There will not be any timing alignment problem at the parent/donor node.

	#4
	Same as Case # 2 and Case #3
	Same as case #3

	#5
	Same as Case # 2 and Case #3
	There will not be any timing alignment problem at the parent/donor node

	# 6
	Multiple parent can be supported for the IAB node.
	Reception time at the IAB node will be different for UL transmissions from different child nodes

	# 7
	Presence of multiple parents may violate the condition of alignment between receptions at the IAB node
	There will not be any timing alignment problem at the parent/donor node


3	Conclusions
In this contribution, we have discussed the new cases (6 and 7) for TX/RX timing which were agreed by RAN1 to be studied. We ended up with following observations:
Observation 1: In Case #6, the reception timing of BH UL from multiple IAB children will be misaligned at the IAB parent/donor node
Observation 2: In Case #7, supporting multiple parent at the IAB node is not possible
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