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1 Introduction

In WF [1], the Case-6 timing related is stated below:

Timing enhancement

	Way forward:

Timing error between IAB-DU and IAB-MT transmission within one node for timing case#6:
· Timing error between IAB-DU and IAB-MT simultaneous transmission is to be considered as new dedicated RAN4 requirement to be decided to capture it in which section in TS38.174.

· Study on associated test configuration and test model in performance part if the core requirement is agreed.

· Take 3us as starting point for maximum Timing error between IAB-DU and IAB-MT simultaneous transmission
· To review this value if improvement needed dependent on RAN1 agreement
Timing error between parent IAB-DU and child node IAB-DU transmission:

· It is acknowledged that for shared hardware architecture, the parent IAB node can tolerate the certain value of timing error uncertainty between its child IAB node and its own DL timing
· FFS on the value of time error tolerance on parent IAB node 

· To investigate if this has already been covered in Rel-16 cell phase synch requirement and can be ensured in legacy release.
· No RAN4 RF requirement impact is expected due to this currently. 
· This can be reviewed if update needed due to further agreement in RAN1


In this paper, we present our view on generic RAN4 work relating to the objectives focusing on the timing aspect.

2 Discussion
2.1 RAN1 agreements
During the RAN1 #106-e, agreements related to the Case-6 timing were taken:
RAN1 #106-e
Agreement

For Case-6 timing at a given IAB-node, the IAB-MT Tx timing is set by the node to the timing obtained for the node’s DL Tx.

· FFS: Need for additional details with reference to support of OTA synchronization (e.g. T_delta)

As for the RAN1 agreement, it means the IAB-MT timing is set to the IAB-DU downlink timing, but RAN1 does not discuss what timing error is allowed between the IAB-MT and IAB-DU timing.  RAN4 needs to further discuss what reasonable value could be expected. As for the previous meeting WF, it is stated that 3 us could be considered as the TAE (Time Alignment Error) between IAB-MT and IAB-DU. It should be understood that the TAE is between the IAB-MT and IAB-DU transmission not only on the same IAB-node but also on different IAB-nodes. For example, there is a case where IAB-MT and IAB-DU are transmitting in different sectors so IAB-MT and IAB-DU transmission may happen in different IAB-nodes covering different sectors. But there is no difference from the parent IAB-node’s receiving point of view. It could be that only the IAB-MT of an IAB-node is transmitting (i.e., not the co-located IAB-DU) in a DL time slot in one sector and another IAB-node’ DU is transmitting in a different sector.
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Figure 1: IAB-MT and IAB-DU transmit simultaneously in different sectors.
Observation 1 The TAE between IAB-MT and IAB-DU in more general terms is the TAE between an IAB-MT transmit in downlink time slot in one IAB node and IAB-DU simultaneously transmit in DL in another co-located IAB node.
2.2 Parent IAB-node tolerance on the TAE of IAB-MT and IAB-DU simultaneous transmission
The Case-6 timing configuration is related to the simultaneous transmission by IAB-MT and co-located IAB-DU with the same transmission timing, and Case-7 timing configuration is related to the simultaneous reception by IAB-MT and co-located IAB-DU receiver with the same reception timing. Before going into a detailed mechanism of achieving such timing constellation, it is worth discussing IAB-node synchronization source and implementation options.
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Figure 2: IAB -MT synchronization implementation (a) and (b)

Figure 2 shows two possible IAB-MT synchronization implementations. For implementation (a) in Figure 2, 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 2, 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 3: IAB-MT Case-6 timing setting with synchronization implementation option (a)
Figure 3 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 3, the child IAB-MT receives a DL signal from parent IAB-DU with propagation delay, Tp, while there is a TAE 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 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 as long as the UL TX of child IAB-MT is time aligned with parent IAB-DU DL timing by Time Advance mechanism.

Observation-2: 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 4: IAB-MT Case-6 timing setting with synchronization implementation option (b)
Figure 4 shows the possible Case-6 timing setting for IAB-MT synchronization implementation (b) when IAB-MT is synchronized with co-located IAB-DU. In step 1 in Figure 4, the child IAB-MT receives DL signal from parent IAB-DU with propagation delay, Tp, while there is a TAE 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 4, 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 the 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-3: 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 3 3, 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 4, 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. 
Observation-4: Parent IAB-DU set its receiving timing differently depending on the child IAB-MT synchronization implementation. 
Proposal-1: For shared hardware architecture, the parent IAB node should tolerate the maximum 3 us timing error uncertainty between its child IAB node and its own DL timing.

This number of 3us is derived from the cell sync requirement in TS 38.133. If considering the additional TAE between IAB-MT and its co-located IAB-DU, the additional time error should be added. This is illustrated below:
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Figure 5: Additional tolerance at parent IAB node if there is TAE between IAB-MT and IAB-DU
Observation-5: Additional tolerance on TAE between child IAB-MT and parent IAB-DU DL timing would be needed if TAE requirement is set on the child IAB-MT and its co-located IAB-DU.

The 3 us time difference tolerance on parent IAB node itself may become difficult if the cyclic prefix is 1.17 us for 60kHz SCS and 0.57 us for 120kHz SCS. So, it is possible to tolerate such time error with the extended CP, which is 4.17us for 60kHz SCS. At least for the initial receiving after enabling the case#6 timing. However, the long CP has additional overhead in system efficiency, for example, for normal CP of 1.17us for 16.67us symbol duration of 60kHz SCS, the overhead is 1.17/16.167= 7%, the extend CP would become 4.17/16.67=25%. Which increase 18% and waste the bandwidth.  RAN4 should consider the LS to RAN1 asking if there could be no additional system overhead for parent IAB node to tolerate the 3 us time error between the child IAB-MT and parent IAB-DU and also if it could be implementation specific. 

Proposal#2: Send LS to RAN1 asking if it is feasible for parent IAB to tolerate the 3 us time error between child IAB-MT and parent IAB-DU DL timing with below LS wording:
RAN4 has made working assumption that there could be maximum 3 us time uncertainty between the received IAB-MT timing and expected IAB-MT timing due to the cell phase synchronization accuracy is 3 us between the TDD cell (and thus between the parent IAB-DU DL timing and child IAB-DU DL timing). The extend cyclic prefix could be configured on child IAB-MT so parent IAB could tolerate such time error for 60kHz SCS on IAB-MT receiving in DL time slot but it would cost additional system overhead of 18% and thus RAN4 would like to ask RAN1 if parent IAB node can tolerate the 3us time uncertainty without introducing additional system overhead and if it could be implementation specific.
According to the above discussion, it can be seen that the parent IAB node tolerance on the timing error between child IAB-MT and parent IAB-DU DL timing is important.  Considering also to cover the case of IAB-MT transmission in DL time slot as it is shown in Figure 1 (where the IAB-MT only transmit in DL time slot without the companion IAB-DU transmission in the same IAB node , IAB-DU transmission simultaneously in another sector), it is better to assume the IAB-MT transmission in DL time slot would need to follow the cell time sync in TS 38.174:
12.2.4
Cell phase synchronization accuracy
12.2.4.1
Introduction

Cell phase synchronization accuracy for TDD is defined as the maximum absolute deviation in frame start timing between any pair of cells on the same frequency that have overlapping coverage areas.

12.2.4.2
Requirements

The cell phase synchronization accuracy measured at IAB DU antenna connectors shall be better than 3 µs.

For IAB-MT and IAB-DU simultaneous transmission in the same IAB node, there is no additional timing alignment between IAB-MT and IAB-DU, both IAB-MT and IAB-DU needs to follow the cell phase synchronization accuracy and thus no additional RF requirement in terms of TAE would be needed.
Proposal#3: IAB-MT when transmit simultaneously with co-located IAB-DU, the transmit timing should follow the TS 38.133 cell phase sync requirement between the different cell.
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 2 The TAE between IAB-MT and IAB-DU in more general terms is the TAE between an IAB-MT transmit in downlink time slot in one IAB node and IAB-DU simultaneously transmit in DL in another co-located IAB node.
Observation 3 Observation-2: 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 4 Observation-3: 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 5 Observation-4: Parent IAB-DU set its receiving timing differently depending on the child IAB-MT synchronization implementation. 

Proposal-1: For shared hardware architecture, the parent IAB node should tolerate the maximum 3 us timing error uncertainty between its child IAB node and its own DL timing.

Observation-5: Additional tolerance on TAE between child IAB-MT and parent IAB-DU DL timing would be needed if TAE requirement is set on the child IAB-MT and its co-located IAB-DU.
Proposal#2: Send LS to RAN1 asking if it is feasible for parent IAB to tolerate the 3 us time error between child IAB-MT and parent IAB-DU DL timing with below LS wording:

Proposal#3: IAB-MT when transmit simultaneously with co-located IAB-DU, the transmit timing should follow the TS 38.133 cell phase sync requirement between the different cell.
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