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1	Introduction
RAN1#93 made the following agreement about the IAB synchronization and timing:
Agreements:
· 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

In this paper we elaborate the options for IAB timing and how they possibly affect IAB operation and system operation.
2	Discussion
2.1	Case descriptions
Five cases were listed as options for IAB timing, each having their specific benefits but also certain drawbacks. 
Figure 1 illustrates the cases 1-4 for IAB timing that were agreed to be studied. The examples show a simple single-hop BH scenario with one IAB node serving access UEs. Grey box indicates the transmission of a particular node whereas a white box indicates reception.
It should be noted that the figures show only the relative timing of transmissions and receptions. They do not illustrate how possible frequency and time domain multiplexing of BH and access communications could be done. The case 5 (discussed down below) is an example where the BH and access are separated in time. Anyway, such an approach is also possible with the cases 1-4.
Furthermore, the figures do not show potential overlap between consecutive TX or RX slots which in some cases limit the available resources (symbols) that can be scheduled for each link. This is something that the scheduler should take into account considering the TX and RX timing on different links.
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[bookmark: _Ref521324608]Figure 1: IAB timing options, cases 1-4

Case 1: DL transmission timing alignment across IAB nodes and donor nodes.
From the donor point of view, the child IAB node timing is aligned with the access UEs and therefore IAB is no exception among the served UEs/nodes regarding the timing control. As the DL TX of the IAB node is aligned with the donor, the access UEs will see the network synchronized. Hence, there will be no impact on UE behavior.
The IAB internal operation shall support two separate timings for both TX and RX:
· TX:
· DL TX for access link aligned system-wise in all cells (served by donor(s) and IAB nodes)
· UL TX for BH link adjusted with the TA (Timing Advance) procedure
· RX:
· UL RX of the access link adjusted with TA
· DL RX of the BH link with timing offset of the propagation delay between the parent and child node
Observation 1: Case#1 results in synchronized cellular timing throughout the network.

Case 2: DL and UL transmission timing is aligned within an IAB node.
This option eliminates the double TX timing of the IAB node synchronizing the transmissions for both DL/downstream and UL/upstream directions.
Case 3: DL and UL reception timing is aligned within an IAB node.
This option eliminates the double RX timing of the IAB node synchronizing the reception for both DL/downstream and UL/upstream directions.
DL TX synchronization could be achieved but it can lead to negative TAs for access UEs (Fig.1 shows a case with TA=0), see the description for Case 4 below.
Case 4: Within an IAB node, when transmitting using Case 2 while when receiving using Case 3.
As can be seen in Figure 1, the access UE timing advance (TAUE) will become negative, i.e. to delay TX timing, when the propagation delay on the BH link (TP_BH) is larger than that in the access link (TP_Acc) to match with the BH DL timing at the IAB node. The TAUE = 2*(TP_Acc - TP_BH) and will be zero when the propagation delay is the same on both BH and access links. In practice, TAUE will be in most cases negative as the BH link distance typically will be larger than the cell radius of the IAB cell. Also, only the cell edge UEs will have the largest TA value within the cell. The other UEs have smaller propagation delays resulting in an increased probability for negative TAUE values.

Another issue is that, according to Rel. 15 specification, UE’s preambles and the first PUSCH transmission (random access Message 3) cannot be sent with negative timing advance. The UE transmission timing is specified to be the observed DL timing minus . Here  is timing advance that is zero for random access preambles and zero or positive for random access Message 3 according to the value given in the preamble response.  is a non-negative constant given in the specification. After random access Message 3,  could be made gradually negative enough by accumulating negative TA commands but to have the correct timing from the beginning  should be configurable in cell specific manner to also negative values.

Observation 2: Cases #2 and #4 lead to non-synchronous network where the timing changes at each BH hop.
Observation 3: Cases #3 and #4 could lead to negative TA values for the access UEs which would be an issue with random access.

Case 5: Case 1 for access link timing and Case 4 for backhaul link timing within an IAB node in different time slots
Case 5 is alternating communication between BH and access links in TDM manner. Fig.2 illustrates the two-slot usage for BH and access, Slot#1 (case 1) for access and Slot#2 (case 4) for BH, as depicted in Fig.1.
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Figure 2 Slot timing for the two slot types, Slot#1 for access and Slot#2 for BH communication
Dotted boxes indicate unused TX and RX slots and boxes with solid framing indicate active slots. Eliminating the unused slots, the end result would essentially become the same as the case#1. Hence, the case#5 can be considered as an extended definition of case#1 with TDM for access and backhaul – which is not excluded in case#1 either.
During the “access slots” also Donor or parent IAB node can be active on the access links on their own cells. The half-duplex constraint of the IAB node should also be kept in mind, i.e. the access/BH link TX and RX should be separated in time (not illustrated in the figures).
As noted above, similar time division for access and BH can be applied with the other cases as well. Therefore, the case 5 differs only by using different timing option
Observation 4: Case#5 is essentially the same as Case#1, just defining the time domain (different slots) separation of access and BH communication.

2.2	Summary
Following table summarizes the characteristics of the IAB timing options as described above.
	Case
	Benefits
	Drawbacks

	#1
	-	Results in normal cellular operation with non-IAB specific interference scenarios
-	IAB timing is not shifted in a multi-hop scenario, DL TX timing the same in all nodes
-	Minimized changes when IAB operation changed to gNB (when wired BH provided)
	-	Potential IAB node internal interference issues due to multiple timing, this may be alleviated by the usage of multiple antenna panels and/or RX/TX units

	#2
	-	Facilitates single panel TX and scheduling for both BH and access
o	Signal dynamics to be considered, though
-	Somewhat simpler implementation of an IAB node
	-	For the access UEs, network cannot be viewed as synchronized; DL TX timing depends on the propagation delay over the BH link
-	Timing is shifted at each hop where the shift is an accumulated value of the propagation delay over all hops
-	More complex implementation/configuration of dual connectivity when the serving nodes are of different hierarchy level of the IAB topology (different number of hops)

	#3
	-	Eliminates excessive interference due to timing differences on access and BH links; e.g. when the difference exceeds the CP length. Differences in the signal levels may have to be considered, though.
	-	Would allow alignment of DL TX but would require usage of negative TA values
-  In non-synchronous operation, same issues as in case 2.

	#4
	-	Single timing for TX an RX within the IAB node (except random access)
	-	Required negative TA cannot be applied for random access
-	Otherwise same issues as with cases 2 and 3

	#5
	-	Synchronized network form the UE point of view, also in a multi-hop scenario
-	Different TX and RX timing separated in time at the IAB node, some implementation and interference issues eliminated
	-	Same as with case#1




Separating BH and access links in TDM manner, there will be potential overlap between consecutive slots which should be taken into account in the scheduling, this applies to all cases:
· IAB BH UL TX may overlap with the IAB Access DL TX in the following slot
· IAB BH DL RX may overlap with the IAB Access UL RX in the following slot
In general, preferred approach (especially on TDD bands) is a synchronized network where the interference scenarios are predictable and not dependent on the IAB topology. By this, possible features for flexible TDD and cross-link interference (CLI) mitigation could be applied with IAB. Also, IAB node conversion to gNB operation (when wired BH connection provided) would cause minimum changes on the network level as the timing can be maintained: IAB becoming a normal gNB and possibly acting as a donor (donor timing would apply) for the remaining IAB nodes.
Observation 5: Timing options leading to synchronized networks (esp. on TDD bands) are favorable approaches as they would enable usage of potential enhanced features for flexible TDD operation and CLI mitigation. Also, conversion to normal gNB operation would cause least changes in the network.
A general question is also whether there would be any standard impacts with different timing approaches. It looks that only Case#4 may need some modifications for random access but otherwise it may be up to IAB implementation (possibly supported by network level coordination) to handle the differences in timing just that they would be transparent to access UEs. 
Observation 6: Mostly the timing options are implementation dependent.


3	Conclusions
In this contribution we have elaborated options for TX/RX timing which were agreed by RAN1 to be studied. We ended up with following observations:
Observation 1: Case#1 results in synchronized cellular timing throughout the network.
Observation 2: Cases #2 and #4 lead to non-synchronous network where the timing changes at each BH hop.
Observation 3: Cases #3 and #4 could lead to negative TA values for the access UEs which would be an issue with random access.
Observation 4: Case#5 is essentially the same as Case#1, just defining the time domain (different slots) separation of access and BH communication.
Observation 5: Timing options leading to synchronized networks (esp. on TDD bands) are favorable approaches as they would enable usage of potential enhanced features for flexible TDD operation and CLI mitigation. Also, conversion to normal gNB operation would cause least changes in the network.
Observation 6: Mostly the timing options are implementation dependent.
As a conclusion, we see approaches leading to synchronized network as the primary choices for IAB operation being most forward compatible regarding future enhancements for flexible TDD and CLI mitigation. Furthermore, conversion of IAB node to normal gNB operation would cause least changes.
Additionally, it is not clear whether there has to be any standards support that would be needed for different timing options or can this be left for implementation options and vendor/operator choice for IAB operation and deployment.
[bookmark: _GoBack]Proposal 1: It should be clarified whether there will be standard impacts related to the use of different timing options.
Proposal 2: Options leading to synchronized network can be taken as a baseline for IAB operation and deployment. The other options can be left for later studies and/or choices for implementation.
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