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[bookmark: OLE_LINK1]Introduction
In this contribution, based on previous discussion and agreements, we further elaborate on timing alignment to support IAB-node’s simultaneous operation. 
Support for Case#6 and Case#7 Timing Alignment
Case#6 Timing for Simultaneous MT-TX/DU-TX
[bookmark: _Hlk54209924]Regarding Case#6 timing, RAN1#106bis-e has made the following agreements. 
· RAN1 to down-select in RAN1#107-e one of the following for an OTA timing synchronization mechanism to enable/maintain Case 6 timing mode:
· Alt 1: no change or enhancement to the Rel-16 OTA synchronization specification is supported in Rel-17 for Case 6 timing.
· Alt 2: in Rel-17 the Rel-16 OTA synchronization specification is updated to support OTA synchronization for an IAB-node operating solely in Case 6 timing during IAB-MT Tx. 
· FFS range of T_delta.
· NOTE: this is to provide a feasible solution to the RAN1#103-e agreement: “An IAB-node can rely on an OTA timing synchronization mechanism to enable/maintain Case 6 timing mode”
We also list RAN1#103e and RAN1#106e agreement regarding Case#6 timing as below. 
· RAN1#103-e agreement: “An IAB-node can rely on an OTA timing synchronization mechanism to enable/maintain Case 6 timing mode”.  
· 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 by the node’s DL Tx.”
When an IAB-node operating in Case#6 timing, 
· RAN1#103e agreement mainly focus on an IAB-DU DL TX timing control.
· RAN1#106e agreement mainly focus on an IAB-MT’s UL TX timing control, i.e., IAB-MT does not apply TA in UL TX control and directly sets UL TX timing to IAB-DU’s DL TX timing. 
Regarding “an IAB-node operating solely in Case#6 timing during IAB-MT TX”, we don’t think that is a valid/possible definition due to the following reasons. 
1. Parent node will always have a Case#1 UL RX reference point, to manage access UEs and Case#1 child IAB-nodes. 
2. For an IAB-node based on OTA timing synchronization, Case#6 timing solely is not possible. 
When an IAB-node (based on OTA timing synchronization) initially powers on, there is no IAB-DU DL TX timing. An IAB-MT needs to perform initial access/RACH under parent node’s Case#1 TA control before it obtains DL TX timing. In other words, Case#6 timing is possible only when an IAB node already has DL TX timing. 
3. Even for an IAB-node with GNSS/GPS based DL TX timing, IAB-MT TX with Case#6 timing is controlled by the parent node and only switch to Case#6 timing with explicit indication. 
RAN1#106e has agreed that an IAB-node is explicitly indicated by the parent node when Case#6 timing is performed at the IAB-node at least for specific time resources. An IAB-MT still needs to perform initial access/RACH under parent node’s Case#1 TA control, before it is explicitly indicated by its parent to switch to Case#6 timing. 
Hence, “an IAB-node operating solely in Case#6 timing during IAB-MT TX” is not a valid/possible definition and an IAB-MT TX only switch to Case#6 timing from Case#1 timing with parent explicit indication.   
We listed the operation details in our understanding of two alternatives as below. 
In Alt. 1: 
· During Case#6 mode, IAB-MT UL TX timing is not controlled by TA and always set to IAB-DU DL TX timing.
· During Case#6 mode, to obtain/maintain DL TX timing, parent node can transmit Case#1 TA (does not expect response) and Case#1 Tdelta for IAB-node to calculate DL TX timing:  .
In Alt. 2: 
· During Case#6 mode, IAB-MT UL TX timing is not controlled by TA and always set to IAB-DU DL TX timing.
· During Case#6 mode, to obtain/maintain DL TX timing, parent node can transmit Case#6 Tdelta where   for IAB-node to calculate DL TX timing: . Tdelta range needs to be changed accordingly. 
Note that   comes from:   and .
The difference of Alt.1 and Alt.2 are the second bullets regarding obtain/maintain DL TX timing in Case#6 mode. Note that it is a common understanding for both alternatives that the IAB-MT’s UL TX timing ignores TA commands and is not controlled by TA commands in Case#6 timing. But in Alt.1, TA commands are still useful to decide IAB-node’s DL TX timing. Since Alt.1 is feasible and requires no specification change and Alt.2 needs additional specification change of Tdelta range, Alt. 1 is preferred. 
Observation 1: An IAB-MT’s UL TX timing is not controlled by TA commands in Case#6 timing.
Observation 2: “An IAB-node operating solely in Case#6 timing during IAB-MT TX” is not a valid/possible definition and an IAB-MT TX only switch to Case#6 timing from Case#1 timing after parent explicit indication.
Observation 2: The operation details of the two Case#6 timing alternatives are listed as below.
In Alt. 1: 
· During Case#6 mode, IAB-MT UL TX timing is not controlled by TA and always set to IAB-DU DL TX timing.
· During Case#6 mode, to obtain/maintain DL TX timing, parent node can transmit Case#1 TA (does not expect response) and Case#1 Tdelta for IAB-node to calculate DL TX timing:  .
In Alt. 2: 
· During Case#6 mode, IAB-MT UL TX timing is not controlled by TA and always set to IAB-DU DL TX timing.
· During Case#6 mode, to obtain/maintain DL TX timing, parent node can transmit Case#6 Tdelta where   for IAB-node to calculate DL TX timing: . Tdelta range needs to be changed accordingly. 
Proposal 1: Support Alt 1 for Case#6 timing (No change or enhancement to the Rel-16 OTA synchronization specification is supported in Rel-17 for Case 6 timing).
Case#7 Timing for Simultaneous MT-RX/DU-RX
Regarding Case#7 timing, RAN1#106bis-e has made the following agreements. 
· Case 7 UL timing offset is indicated by the parent-node via MAC-CE.
· The granularity of Case 7 UL timing offset is the same as the UL TA granularity.
There is still one issue regarding the range of Case#7 UL timing offset. Although symbol-level alignment is supported for Case#7 timing, it will be beneficial to have an offset range that can also support slot-level alignment. 
In Figure 2.1, we show an IAB-node’s timing relationship (slot-level alignment) with parent node operating in Case#7 timing: 
· : The original Case#1 TA at IAB-MT to make parent node operating at Case#1 timing mode 
· : The absolute Case#7 TA at IAB-MT to make parent node operating at Case#7 timing mode
· : parent-MT RX propagation delay
· : IAB-MT RX propagation delay 
The shifting offset from Case#1 TA to absolute Case#7 TA is defined as: 
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Figure 2.1: IAB-node timing relationship details with parent node operating at Case#7 timing
We derive  value for slot-level alignment (which can be considered as the maximum offset value comparing with symbol-level alignment) with the following steps. 
4. IAB-MT RX timing is  behind DL TX timing 
IAB-MT TX Case#1 timing is  ahead of IAB-MT RX timing
·  IAB-MT TX Case#1 timing is - ahead of DL TX timing
· Parent-DU RX Case#1 timing is - ahead of DL TX timing

5. Parent-MT RX timing is  behind DL TX timing 
Parent-DU RX Case#7 timing is the same as parent-MT RX timing
· Parent-DU RX Case#7 timing is  behind DL TX timing 

6. Parent-DU RX Case#1 timing is - ahead of DL TX timing (from Step1)
Parent-DU RX Case#7 timing is  behind DL TX timing (from Step 2)
· Parent-DU RX Case#1 timing is -+ ahead of Parent-DU RX Case#7 timing
· IAB-MT TX Case#1 timing is -+ ahead of IAB-MT TX Case#7 timing
· -+

7. 2                               from Rel-16 IAB discussion [1] as in Figure 2.4
  -+      from Step 3
· +
[image: ]
Figure 2.4: // relationship for Case#1 timing [1]
The Case#7 timing offset range can be designed according to +. 
RAN1#106e has also agreed that an IAB-node is explicitly indicated by the parent node when Case#7 timing is performed at the parent node and signaling details are FFS. There can be two alternatives for this explicit indication signaling. 
· Alt. 1:  is transmitted every time parent node switches from Case#1 timing to Case#7 timing and can be used as explicit indication from parent node.
· Alt. 2:  is not transmitted every time parent node switches from Case#1 timing to Case#7 timing. Additional signaling is needed to explicitly indicate that parent node is performed at Case#7 timing. 
As + may not be static, we prefer Alt.1.
Observation 3: Although symbol-level alignment is supported for Case#7 timing, it will be beneficial to have an offset range that can also support slot-level alignment.
Proposal 2: The Case#7 timing offset range can be determined according to the maximum value with slot-level alignment:  + ,where  is parent-MT RX propagation delay and   is the switching gap between UL RX and DL TX at the parent node. 
Proposal 3: There can be two alternatives for explicit indication by the parent node when Case#7 timing is performed at the parent node: 
· Alt. 1:  is transmitted every time parent node switches from Case#1 timing to Case#7 timing and can be used as explicit indication from parent node.
· Alt. 2:  is not transmitted every time parent node switches from Case#1 timing to Case#7 timing. Additional signaling is needed to explicitly indicate that parent node is performed at Case#7 timing. 
Alt. 1 is preferred.
Conclusion
In this contribution, we discussed mechanisms to support Case#6 and Case#7 timing for IAB-node’s simultaneous operation.  It is summarized by the following observations and proposals. 
Observation 1: An IAB-MT’s UL TX timing is not controlled by TA commands in Case#6 timing.
Observation 2: “An IAB-node operating solely in Case#6 timing during IAB-MT TX” is not a valid/possible definition and an IAB-MT TX only switch to Case#6 timing from Case#1 timing after parent explicit indication.
Observation 2: The operation details of the two Case#6 timing alternatives are listed as below.
In Alt. 1: 
· During Case#6 mode, IAB-MT UL TX timing is not controlled by TA and always set to IAB-DU DL TX timing.
· During Case#6 mode, to obtain/maintain DL TX timing, parent node can transmit Case#1 TA (does not expect response) and Case#1 Tdelta for IAB-node to calculate DL TX timing:  .
In Alt. 2: 
· During Case#6 mode, IAB-MT UL TX timing is not controlled by TA and always set to IAB-DU DL TX timing.
· During Case#6 mode, to obtain/maintain DL TX timing, parent node can transmit Case#6 Tdelta where   for IAB-node to calculate DL TX timing: . Tdelta range needs to be changed accordingly. 
Observation 3: Although symbol-level alignment is supported for Case#7 timing, it will be beneficial to have an offset range that can also support slot-level alignment.
Proposal 1: Support Alt 1 for Case#6 timing (No change or enhancement to the Rel-16 OTA synchronization specification is supported in Rel-17 for Case 6 timing).
Proposal 2: The Case#7 timing offset range can be determined according to the maximum value with slot-level alignment:  + ,where  is parent-MT RX propagation delay and   is the switching gap between UL RX and DL TX at the parent node. 
Proposal 3: There can be two alternatives for explicit indication by the parent node when Case#7 timing is performed at the parent node: 
· Alt. 1:  is transmitted every time parent node switches from Case#1 timing to Case#7 timing and can be used as explicit indication from parent node.
· Alt. 2:  is not transmitted every time parent node switches from Case#1 timing to Case#7 timing. Additional signaling is needed to explicitly indicate that parent node is performed at Case#7 timing. 
Alt. 1 is preferred.
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