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Introduction
In WF [1], the Case-6 timing related is stated below:
Case#6 timing: Timing error between own MT TX and DU TX
Agreement:
Baseline assumption: Introducing RF requirements for Timing error between own MT TX and DU TX should be defined for case#6 timing
· Pending on further checking whether existing cell phase sync requirements already cover above timing error
· Further check the timing error tolerance between the parent IAB-DU node and child IAB-MT
With above baseline assumption confirmed FFS on: 
-reference condition for this requirement 
-error requirement with below Alts 
· Alt1: 3us
· Alt2: cyclic prefix length of largest supported SCS
· Alt3: value as SCS dependent

In this paper, we present our view on generic RAN4 work relating to the objectives focusing on the timing aspect.
Discussion
What is TAE between IAB-MT and IAB-DU
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 TAE between IAB-MT and IAB-DU could be considered as baseline. But there is ambiguity on whether IAB-MT and IAB-DU is at the same radio or not. The Case-6 timing is for one IAB-node and the IAB-MT and IAB-DU could transmit at different sector simultaneously within an IAB-node also. For example, there is a case where IAB-MT and IAB-DU are transmitting in different sectors, so that IAB-MT and IAB-DU transmission may happen in same the ￼Fgure 1￼. In such case, the TAE is between the IAB-MT and IAB-DU transmission not only at the same sector of IAB-node but also at different sector of the same IAB-node. But there is no difference from the parent IAB-node’s receiving point of view.



[bookmark: _Ref90027682]Figure 1: IAB-MT and IAB-DU transmit simultaneously in different sectors.
[bookmark: _Ref92729594]The IAB-MT can transmit in DL time slot in one sector and IAB-DU simultaneously transmit in another sector within the same IAB node.
Therefore, when the radio units are deployed in three sectors and IAB-MT transmits in DL time slot at one radio unit and IAB-DU transmit simultaneously at another radio unit, there is no companion IAB-DU transmission in the same radio unit but from network perspective, it is still considered as a Case-6 timing case, since IAB-MT and IAB-DU transmit simultaneously within an IAB-node. In such a case, there is no TAE between the IAB-MT and IAB-DU transmission at the same radio unit but in such case, RAN4 still needs to investigate what should be an allowed time error and what is the reference timing of such time error. 
[bookmark: _Ref92729612]The TAE between IAB-MT and IAB-DU covers the cases where an IAB-MT and IAB-DU are transmitting at the same radio unit or at different radio unit, as long as these different radio units belong to the same IAB-node.
[bookmark: _Ref92729626]The transmission time error when an IAB-MT transmits at one radio unit alone in DL time slots needs to be included in investigation scope as one scenario to be investigated for Case-6 timing.

If IAB-MT transmit alone in DL time slot, the cell phase sync requirement should apply to IAB-MT in general as it belongs to different cells from parent IAB-DU and there is no need to set any time error requirement between the IAB-MT and IAB-DU as there is no companion IAB-DU transmission within the same radio unit. 
[bookmark: _Ref92729636]Cell phase sync requirement in TS 38.133 apply to the IAB-MT indirectly when IAB-MT transmitting in DL time slot for Case-6 timing. 
Another case is the IAB-MT and IAB-DU transmit simultaneously in the same radio unit. In this case, it could be discussed whether the cell phase sync requirement on IAB-MT and IAB-DU is good enough and if there is a need to specify the TAE between the IAB-MT and IAB-DU transmission according to below agreement:
Agreement:
Baseline assumption: Introducing RF requirements for Timing error between own MT TX and DU TX should be defined for case#6 timing
· Pending on further checking whether existing cell phase sync requirements already cover above timing error

The cell phase sync requirement in TS 38.133 is 3us. If considering the TAE between IAB-MT and its co-located IAB-DU, one way to perceive this is that the additional time error should be added to the IAB-MT cell phase sync requirements. This will make the IAB-MT timing become 3us + TAE which violates the current cell phase sync requirement of 3us as shown in Figure 2. The IAB-MT and IAB-DU operate in different cell and if IAB-MT cell phase sync violates the cell phase sync requirement, there can be interference between cells. This is not preferred as 3 us cell phase sync is RRM requirement and better not to be relaxed to protect reliable TDD network operation. Another way to view this is that the additional TAE takes the budget of the IAB-DU cell phase sync requirement, this is also not be a preferred way as it further takes IAB-DU cell phase sync budget of 3 us as shown in Figure 3. This is not a preferred way as IAB node chain needs the holdover time to sustain the traffic when the sync reference is lost and further constraining this time budget will increase the oscillator cost and is not a good choice.  Considering the IAB-MT and IAB-DU in different sector/radio unit scenario in Figure 1, setting the TAE between IAB-MT in one radio unit and IAB-DU in another radio unit means increased test/design complexity. From the above discussion of the drawback of introducing the TAE requirement, we think the cell phase sync of IAB-MT requirement is good enough to enable the Case-6 timing without setting TAE between IAB-MT and IAB-DU. The only concern left is that if Case-6 timing would work if there would be no TAE requirement, we discuss this more in next section focusing on the parent IAB-DU tolerance over Case-6 timing uncertainty.

[bookmark: _Ref92729644]TAE between IAB-MT and IAB-DU DL timing will violate the cell phase sync requirement.
[bookmark: _Ref92729653]TAE between IAB-MT and IAB-DU DL timing may take budget from the IAB-DU cell phase sync and increase the IAB hardware cost 


· 

[bookmark: _Ref90027411]Figure 2: TAE between IAB-MT and IAB-DU violates the cell phase sync requirement in RRM


[bookmark: _Ref92276674]Figure 3: TAE between IAB-MT and IAB-DU takes IAB-DU cell phase sync budget of 3 us
Parent IAB-node tolerance on the timing error of IAB-MT for IAB-DU and IAB-MT simultaneous transmission
The previous section was focusing on the system drawback to introduce the TAE. In this section, we focus on the feasibility of the system to tolerate certain timing skew caused by Case-6 timing on parent IAB-DU compared with legacy design. Our view is that if parent IAB-DU would handle certain timing skew from IAB-MT for Case-6 timing, there will be no need to set additional requirement. 
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 IAB-DU.  Below we focus on Case-6 timing, from receiving perspective, Case-7 timing also covers the Case-6 child IAB-MT as Case-6 requires the IAB-MT transmits during DL time slot.
[bookmark: _Ref92729663]From parent IAB-DU receiving perspective, both Case-6 and Case-7 need to tolerate the timing uncertainty from IAB-MT.
In WF[1], there also FFS on the parent IAB-DU tolerance on the potential time error from child IAB-MT.
With above baseline assumption confirmed FFS on: 
-reference condition for this requirement 
-error requirement with below Alts 
· Alt1: 3us
· Alt2: cyclic prefix length of largest supported SCS
· Alt3: value as SCS dependent
In this chapter, the tolerance is further discussed for the shared architecture of IAB node.



[bookmark: _Ref67410948]Figure 4: IAB -MT synchronization implementation (a) and (b)
Figure 4 shows two possible IAB-MT synchronization implementations. Now we focus on implementation (b) for below discussion. 


[bookmark: _Ref67411536][bookmark: _Ref85043925]Figure 5: IAB-MT Case-6 timing setting with synchronization implementation option (b)
Figure 5 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 5, 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 5, 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. 
[bookmark: _Ref92729675]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 option the IAB-MT synchronization implementation would be. If it is the option (a) in Figure 4, 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 5, 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. 
[bookmark: _Ref92729698]Parent IAB-DU set its receiving timing differently depending on the child IAB-MT synchronization implementation. 
[bookmark: _Ref92729711]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.
According to the above discussion, the parent IAB node tolerance on the timing error between child IAB-MT and parent IAB-DU DL timing is important at least for the first IAB-MT transmission after case-6 timing is enabled. Also considering to cover the case of IAB-MT transmission in DL time slot as shown in Figure 1 (where the IAB-MT only transmit in DL time slot without the companion IAB-DU transmission in one sector of the same IAB node , while IAB-DU transmission simultaneously in another sector), 3us tolerance seems fine to be assumed considering the cell time sync of 3us in TS 38.174:

[bookmark: _Toc53185597][bookmark: _Toc53185973][bookmark: _Toc57820459][bookmark: _Toc57821386][bookmark: _Toc61183662][bookmark: _Toc61184056][bookmark: _Toc61184448][bookmark: _Toc61184840][bookmark: _Toc61185230][bookmark: _Toc66386575][bookmark: _Toc74583533][bookmark: _Toc76542346][bookmark: _Toc82450328][bookmark: _Toc82450976]12.2.4	Cell phase synchronization accuracy
[bookmark: _Toc53185598][bookmark: _Toc53185974][bookmark: _Toc57820460][bookmark: _Toc57821387][bookmark: _Toc61183663][bookmark: _Toc61184057][bookmark: _Toc61184449][bookmark: _Toc61184841][bookmark: _Toc61185231][bookmark: _Toc66386576][bookmark: _Toc74583534][bookmark: _Toc76542347][bookmark: _Toc82450329][bookmark: _Toc82450977][bookmark: _Toc535475928]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.
[bookmark: _Toc53185599][bookmark: _Toc53185975][bookmark: _Toc57820461][bookmark: _Toc57821388][bookmark: _Toc61183664][bookmark: _Toc61184058][bookmark: _Toc61184450][bookmark: _Toc61184842][bookmark: _Toc61185232][bookmark: _Toc66386577][bookmark: _Toc74583535][bookmark: _Toc76542348][bookmark: _Toc82450330][bookmark: _Toc82450978]12.2.4.2	Requirements
The cell phase synchronization accuracy measured at IAB DU antenna connectors shall be better than 3 µs.
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 without using 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 causes 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%. The system overhead increases 18% and the spectrum efficiency is sacrificed.  This is not preferred; This may be solved by implementation specific solution. For example, parent IAB-DU receiver could buffer the data considering the timing uncertainty and search the frame start of the IAB-MT transmission. RAN4 could consider the LS to RAN1 asking if such implementation has no specification impact and thus there is no additional system overhead for parent IAB node to tolerate the 3 us time error between the child IAB-MT and parent IAB-DU.

[bookmark: _Ref92729722]Send LS to RAN1 asking if parent IAB can tolerate the 3 us time error between child IAB-MT and parent IAB-DU DL timing with different SCS configuration without additional system overhead 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%. RAN4 also consider implementation specific solution to tolerate 3 us timing uncertainty without incurring the additional system overhead, thus RAN4 would like to ask RAN1 if implementation specific has no specification impact.

With the above parent IAB-DU tolerance on the case-6 timing uncertainty, for IAB-MT and IAB-DU simultaneous transmission in the same radio unit, both IAB-MT and IAB-DU needs to follow the cell phase synchronization accuracy as they are transmitting in downlink time slot as the same as other TDD BS and thus no additional RF requirement in terms of TAE would be needed.

[bookmark: _Ref92729734]Cell phase sync requirement covers the Case#6 timing requirement and no need to specify additional TAE. 

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 The IAB-MT can transmit in DL time slot in one sector and IAB-DU simultaneously transmit in another sector within the same IAB node.
Observation 2 The TAE between IAB-MT and IAB-DU covers the cases where an IAB-MT and IAB-DU are transmitting at the same radio unit or at different radio unit, as long as these different radio units belong to the same IAB-node.
Observation 3 The transmission time error when an IAB-MT transmits at one radio unit alone in DL time slots needs to be included in investigation scope as one scenario to be investigated for Case-6 timing.
Proposal-1: Cell phase sync requirement in TS 38.133 apply to the IAB-MT indirectly when IAB-MT transmitting in DL time slot for Case-6 timing.
Observation 4 TAE between IAB-MT and IAB-DU DL timing will violate the cell phase sync requirement.
Observation 5 TAE between IAB-MT and IAB-DU DL timing may take budget from the IAB-DU cell phase sync and increase the IAB hardware cost
Observation 6 From parent IAB-DU receiving perspective, both Case-6 and Case-7 need to tolerate the timing uncertainty from IAB-MT.
Observation 7 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 8 Parent IAB-DU set its receiving timing differently depending on the child IAB-MT synchronization implementation.
Proposal-2: 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.
Proposal-3: Send LS to RAN1 asking if parent IAB can tolerate the 3 us time error between child IAB-MT and parent IAB-DU DL timing with different SCS configuration without additional system overhead with below LS wording:
Proposal-4: Cell phase sync requirement covers the Case#6 timing requirement and no need to specify additional TAE.
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1. Overall Description: 
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. 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:
Question:  If parent IAB node can tolerate the 3us time uncertainty without introducing additional system overhead and if it could be implementation specific.
2. Actions:
To RAN WG1 group.
ACTION: 	RAN4 kindly ask RAN to provide the answer to the above question at RAN4 meeting below.

3. References:

4. Date of Next TSG-RAN WG4 Meetings:
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