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1	Introduction
RAN1 made in RAN1#93 meeting following agreement about the IAB timing options [2]:
· IAB supports TA-based synchronization between IAB nodes, including across multiple backhaul hops
· Enhancements to existing mechanisms can be further studied
· The following cases should be further studied:
· 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
· Further study the following levels of alignment between IAB nodes/donor nodes or within an IAB node:
· Slot alignment
· Symbol-level alignment
· No alignment
· Further consider the impact of different cases on TDM/FDM/SDM multiplexing of access and backhaul links, cross-link interference, and impact on access UEs

RAN1#94 further discussed the topic and agreed following on potential cases for the IAB timing [3]:
· 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

We elaborated the agreed timing cases in our earlier contribution [4] and listed their impact on IAB implementation and system behaviour. In this paper we discuss some of the cases, especially those added by RAN#94.
2	Discussion
2.1	Case descriptions
Case 1:
As already discussed in [4] and agreed by RAN1, Case 1 will be the basic option for IAB timing. It results in operation identical to that of normal gNB in a synchronized network. Hence, the interference scenario will be same/similar to normal NR network and the CLI mitigation features will be applicable in network with IAB deployment.

Case 2/Case 6:
There are two interpretations for the Case 2 definition: “DL and UL transmission timing is aligned within an IAB node”. The two alternatives are illustrated in Figure 1.
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Case 2a is the one discussed in RAN1#94: The alignment is based on the BH UL timing applying normal TA control. Hence, the DL timing will be advanced w.r.t. DL TX timing of the parent node. For this reason, the DL links will become asynchronous with the drawbacks resulting from the varying DL timing. 
The alternative 2b would align the BH UL timing with the IAB access DL timing which in turn would be aligned parent node DL TX, i.e. Donor BH DL in Figure 1. By this, the DL timing in each cell, either served by Donor or IAB node, would be synchronized as opposed to Case 2a. With this, the Case 2b becomes Case 6 as it has been defined in the RAN1#94 agreement.
This option has the issue how to adjust the IAB Access DL timing when the TA control on the upstream BH link is not applied for IAB UL timing. The Donor node would be able to derive the propagation delay from the RX timing of the BH UL signal. That information is not conveyed to the IAB node with normal TA control as the UL timing should be fixed and tied to the DL timing. To solve this, following operation can be considered:
· Rely initially on TA in the RAR message as response to the normal RACH preamble transmission; Donor/parent node can estimate the propagation delay (TP) and set the TA value equal to the TP, i.e. not 2*TA
· This would assume that the Donor/parent node would be aware of the type of the accessing node (either IAB or access UE), how that would be known is FFS
· Later, the TA adjustments can be relative to the existing timing where the initially estimated TP will be the target UL timing
The drawback of the Case 6 is that possible error in the initial TP estimation, and therefore TA value, cannot be corrected but that remains as the reference for later adjustments.
Observation 1: Case 6 would allow synchronized DL but timing adjustment during the active connection will be based on the initial TP/TA estimation.
Observation 2: To apply described setting of the IAB timing would require knowledge of the type of the accessing node at the Donor/parent node to be able to have IAB specific TA adjustment. It is FFS how to indicate the type of the accessing node to the Donor/parent node.

Case 7:
Case 7 is a combination of Case 1 DL timing and Case 3 UL timing. The relative link timings are illustrated in Figure 2.
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[bookmark: _Ref525655540]Figure 2 IAB DL and UL timing according to Case 7 definition

DL timing on the IAB access link (or downstream BH link to next hop IAB node) can be adjusted based on the adjusted TA value on the BH link. The propagation delay on the access link can be different from the delay on the BH link. Therefore, when aligning the RX signals, BH DL timing cannot be changed and the adjustment has to be done for the UL link. To do this, TA value for the access UL will not compensate the propagation delay on the access link.
The TA value sent by the IAB node to the access UEs and child IAB nodes will be affected by the propagation delay not only on the access link but also on the delay on the upstream BH link. Consequently, the TA value does not include information for the child IAB node to adjust the DL timing to be aligned with the parent node.
Observation 3: Case 7 has the issue how to adjust the DL timing of the next hop child IAB nodes because of different TA control.
Case 7 has the same consequence that the TA on the child link (either access or BH) can have negative values the same way as Case 3, [4].
Observation 4: TA on the IAB access link and (child) BH link can have negative values in Case 7.
Like in Case 6, further studies are needed how the next hop child node can adjust the DL timing to be in synch with the other nodes. The TA control on the downstream BH link will be affected by the TA on the upstream BH link which is not known by the child IAB node.
Observation 5: It is FFS how the DL timing can be aligned in a multi-hop IAB scenario applying Case 7 timing principles.

2.2	Usage of different timing options
As discussed previously, timing options different from Case 1 have at least following issues:
a) Asynchronous DL: Cases 2(a) and Case 4
· IAB specific interference scenarios
b) Negative TA: Case 3 and Case 7
c) Further studies needed how to provide the DL timing for the child IAB nodes
It should be clarified if b) and/or c) in the list above would need specifications changes to make the related cases viable. Otherwise the timing options can be considered as implementation options to facilitate certain IAB implementation options and usage of SDM/FDM for multiplexing access and backhaul links. Time alignment either for RX or TX signal within an IAB node can enable more efficient utilization of radio resource in 1) single panel scenario and 2) multi-panel scenario with FDM/SDM between Parent BH and Child links within a panel, see [5].
Observation 6: Timing options apart from Case 1 can be considered as options facilitating the usage of SDM/FDM between the links especially with a single-panel implementation.
3	Conclusions
In this contribution we have further elaborated the options for the IAB TX/RX timing which were agreed by RAN1 to be studied. With the analysis we ended up with following observations:
Observation 1: Case 6 would allow synchronized DL but timing adjustment during the active connection will be based on the initial TP/TA estimation.
Observation 2: To apply described setting of the IAB timing would require knowledge of the type of the accessing node at the Donor/parent node to be able to have IAB specific TA adjustment. It is FFS how to indicate the type of the accessing node to the Donor/parent node.
Observation 3: Case 7 has the issue how to adjust the DL timing of the next hop child IAB nodes because of different TA control.
Observation 4: TA on the IAB access link and (child) BH link can have negative values in Case 7.
Observation 5: It is FFS how the DL timing can be aligned in a multi-hop IAB scenario applying Case 7 timing principles.
Observation 6: Timing options apart from Case 1 can be considered as options facilitating the usage of SDM/FDM between the links especially with a single-panel implementation.

As a summary, following Cases can have specification impacts:
· Negative TA: Cases 3,4 and 7
· Setting of the DL timing at child IAB nodes for synchronized operation: Cases 6 and 7
Proposal: RAN1 is asked to clarify potential specification impacts for cases 3,4,6 and 7.
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