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1 Introduction

In Rel-17 IAB WID [1], there are objective which may have RAN4 impacts:

Duplexing enhancements [RAN1-led, RAN2, RAN3, RAN4]:

· 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 paper, we present our view on RRM imapct relating to the objectives focusing the timing aspect.

2 Discussion
In [2], different IAB-node timing configurations are described. 

The following cases of transmission/reception timing alignment across IAB-nodes and IAB-donors and across IAB-DUs and co-located IAB-MTs have been considered as part of the study:

-
Case #1: DL transmission timing alignment across IAB-nodes and IAB-donors:
-
If DL TX and UL RX are not well aligned at the parent node, additional information about the alignment is needed for the child node to properly set its DL TX timing for OTA based timing & synchronization.
-
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 (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.
-
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;
-
The UL reception timing of an IAB-node can be aligned with the IAB-node’s DL reception timing; 

-
If DL TX and UL RX are not well aligned at the parent node, additional information about the alignment is needed for the child node to properly set its DL TX timing for OTA based timing & synchronization.
2.1 RAN1 agreements
Following agreements were made in RAN1 #103-e [3]
Agreement

An IAB-node can rely on an OTA timing synchronization mechanism to enable/maintain Case 6 timing mode

· FFS whether the Rel-16 OTA synchronization mechanism is sufficient or enhancements are required 

· If required, details of enhancements including the uplink timing(s) required to support different timing alignment cases

Agreement
An IAB-node, when operating in Case 7 timing mode, can enable a child node to set its DL Tx timing based on Rel-16 OTA timing synchronization mechanism.
· FFS whether Rel-16 OTA synchronization mechanism enhancements are required 

· FFS details of enhancements, if required
Agreement
Case 6 timing mode operation at an IAB-node is controlled by the parent node to which the UL transmission is intended for.

2.2 Impact on the DU/MT timing
The Case#6 timing configuration is related to the simultaneous transmission by IAB-MT and IAB-DU in the same IAB-node, and Case#7 timing configuration is related to the simultaneous reception by IAB-MT and IAB-DU receiver in the same IAB node. Before going into a detailed mechanism of fulfilling such timing constellation, it is worth mentioning IAB-node synchronization source and implementation options.
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Figure 1: IAB -MT synchronization implementation (a) and (b)

Figure 1 shows two possible IAB-MT synchronization implementations. For implementation (a) in Figure 1, when IAB-MT and IAB-DU are implemented in separated hardware, the IAB-MT could synchronize to the parent IAB-DU the same way as the normal UE while the IAB-DU could be synchronize with local synch reference, e.g., GNSS. For another implementation (b) in Figure 1, the IAB-MT and IAB-DU could share the same PLL and thus the IAB-MT is synchronized together with its IAB-DU. For these two solutions, how to achieve the Case#6 timing is discussed below.
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Figure 2: IAB-MT Case#6 timing setting with synchronization implementation option (a)
Figure 2 shows the possible Case#6 timing setting for IAB-MT synchronization implementation (a) when the IAB-MT is synchronized with the parent IAB-DU. In step 1 in Figure 2, the child IAB-MT receives a DL signal from parent IAB-DU with propagation delay, Tp, while there is a TAE (Time Alignment Error) between DL TX timing at parent IAB-DU relative to the IAB-DU. In step 2, as the IAB-MT uplink timing is controlled by parent IAB-DU, IAB-MT could transmit the uplink signal to parent IAB-DU according to a set (by parent IAB-DU) timing advance. In such case, the timing advance includes the aspect of propagation delay; the child IAB-MT UL timing is in relation to the parent IAB-DU DL timing. Apparently, there exists a TAE (timing alignment error) between DL TX of parent IAB-DU and DL TX of child IAB-DU. So, in such a case, there will be a difference by TAE between the DL TX of child IAB-DU and UL TX of child IAB-MT. The TAE is the result from the independent timing control in parent and child node and there is no risk of violating the network synchronization timing so long as the UL TX of child IAB-MT is time aligned with parent IAB-DU DL timing by Time Advance mechanism.

Observation#1: Parent IAB-DU does not need to be aware about the TAE between its DL timing and the DL timing of child IAB-DU for case#6 timing operation.
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Figure 3: IAB-MT Case#6 timing setting with synchronization implementation option (b)
Figure 3 shows the possible Case#6 timing setting for IAB-MT synchronization implementation (b) when IAB-MT is synchronized with co-located child IAB-DU. In step 1 in Figure 3, the child IAB-MT receives DL signal from parent IAB-DU with propagation delay, Tp, while there is a TAE (Time Alignment Error) between DL TX at parent IAB-node and child IAB-node. In step 2, IAB-MT and IAB-DU transmission timing is aligned and controlled by the Timing Unit of the child IAB-node. This in turn will impact the parent IAB-DU receiving timing for UL transmission from child IAB-MT. As Figure 3 step 2 illustrates, the received timing for UL RX at parent IAB-DU will be Tp-TAE relative to its own DL transmission time. Parent IAB-DU need to know this TAE to set the uplink receiving timing correctly (at least for a first reception event) otherwise there is a risk that no signal of child IAB-MT can be decoded after the Case#6 timing setting. Such information will be needed for either child IAB synchronized with local GNSS or through the OTA synchronization as the TAE always exists irrespective which reference child IAB node is synchronizing to. Alternatively, the parent IAB-DU needs to prepare the receiving timing (at least for a first reception event) considering the TAE time uncertainty where the maximum TAE could be 3us.
Observation-2: For the case of child IAB-MT synchronizing with co-located child IAB-DU, Parent IAB-DU needs to be aware about the TAE between its DL timing and the DL timing of child IAB-DU for case#6 timing operation. so the correct setting of the receiving timing on parent IAB-DU will be possible
From the above discussion, it could be observed that the parent IAB-DU receive timing would be set differently depending on which options the IAB-MT synchronization implementation would be. If it is the option (a) in Figure 2, the parent IAB-DU receiving time will be set relative to its own DL TX timing and send the Time Advance command instructing the IAB-MT to time advance with specified amount (e.g Tp propagation delay). If it is the option (b) in Figure 3, the parent IAB-DU receiving time will be set with the knowledge of the TAE and Tp (propagation delay) or at least considering there could be maximum TAE uncertainty (e.g 3us) otherwise parent IAB-DU will risk of that no signal from child IAB-MT can be decoded. 
For option (a) in Figure 2, the IAB-MT transmission error will be the same as the legacy. This is because the uplink time alignment has nothing to do with the co-located IAB-DU and the same UE behaviour as legacy will be expected. For option (b) in Figure 3, the transmission time of IAB-MT will be aligned with co-located IAB-DU and thus there is a Tp+ TAE time difference before and after the case 6 timing enabling. After the case 6 timing, the transmission error of the first transmission after the case 6 timing would be associated with the Tp accuracy + TAE uncertainty.
Observation-3: IAB-TM transmission time error for the first transmission after cas6 timing would be different with legacy for option (b).
Proposal: RAN4 investigate if new transmission error requirement would be needed for case 6 timing enabling. 


1. 
2. 



3 Conclusions

In this contribution, we present our view on generic RAN4 work relating to the objectives focusing the timing aspect with below proposal:
Observation#1: Parent IAB-DU does not need to be aware about the TAE between its DL timing and the DL timing of child IAB-DU for case#6 timing operation.

Observation-2: For the case of child IAB-MT synchronizing with co-located child IAB-DU, Parent IAB-DU needs to be aware about the TAE between its DL timing and the DL timing of child IAB-DU for case#6 timing operation. so the correct setting of the receiving timing on parent IAB-DU will be possible

Observation-3: Parent IAB-DU set its receiving timing differently depending on the child IAB-MT synchronization implementation. 
Observation-4: The TAE between DL TX of child IAB-DU and parent IAB-DU could be signalled to parent IAB-DU. Alternatively, the parent IAB-DU receiving timing needs to tolerate the maximum TAE.
Proposal-1: RAN4 discuss two aspects for Case#6 timing.

1. TAE impact: pre-known by parent IAB-node or be tolerated on parent IAB node for implementation (b)

2. Signalling aspect: whether the synchronization implementation option (a) or (b) should be signalled to parent IAB.
Proposal-2: Focus Case 7 timing discussion for the shared receiver for IAB-MT and IAB-DU case.
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