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[bookmark: OLE_LINK1]Introduction
RAN1#93-RAN1#94 have defined the following cases for timing and synchronization in IAB. 
· 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
· 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 (e.g. TA/2 adjustment as in Case #1)
· 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 (e.g. TA/2 adjustment as in Case #1)
· the UL reception timing of an IAB node can be aligned with the IAB node’s DL reception timing 
RAN1#94-RAN1#95 have further made the following agreements. 
· Case #1 is supported for both access and backhaul link transmission timing
· For Case #1 & Case #7, 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
· For Case 7, the following solution is compatible with Rel. 15 UEs: Introduce “effective” negative TA, and TDM between child IAB nodes/Rel-16 UEs which support the new TA values and child IAB nodes/UEs which do not support the new TA values
· Details of required TA enhancements and signalling between parent and child IAB nodes to achieve timing alignment are to be further considered in the WI stage
· For Case#7, to enable alignment between DL and UL reception within the IAB node the following solutions have been identified: 
· Alt 1: Introduce negative initial time alignment (TA) for IAB nodes, to be applied to child nodes of the IAB node applying case #7 timing
· Alt 2: Apply a positive TA that enables symbol alignment, but not slot alignment, between the DL reception and the UL reception at the IAB node
· Alt. 3: Signalling of a relative offset w.r.t the most recent TA value, to be applied to child nodes of the IAB node applying case #7 timing to achieve an effective negative TA
In this contribution, based on those agreements and the WI scope for derivation of DL timing at a given IAB node based on OTA synchronization to parent node when operating with Case #1 timing, we further elaborate on the timing and synchronization for NR IAB Case #1.
[bookmark: _Ref510628869]Uplink-Downlink Timing Relation with DL TX/UL RX Misalignment in an IAB Node
In TS38.211 [1], it has been defined that uplink frame number for transmission from the UE shall start 

before the start of the corresponding downlink frame  at the UE where is given by TS38.213 [2]. The uplink-downlink timing relation is shown in Figure 1.  




Figure 1: Uplink-downlink Timing Relation in TS38.211 (Figure 4.3.1-1 in [1])
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Figure 2: DL TX and UL RX misalignment example for Case #1
[bookmark: OLE_LINK2]For Case#1 in IAB, if DL TX and UL RX are not well aligned at an IAB node, for example, there is a  time misalignment for a child node as shown in Figure 2, the new TA value at its child node should be

where. The uplink-downlink timing relation with DL TX and UL RX misalignment becomes Figure 3. 
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Figure 3: Uplink-downlink Timing Relation with DLTX/UL RX misalignment
With the adjusted UL timing, the timing advance value no longer represents the propagation delay directly. As a result, an IAB child node cannot configure its DL transmission timing according to. Depending on the indicated TA parameters, the IAB child node need to configure its DL transmission timing according to the uplink-downlink timing relation in Figure 3. 
Proposal 1: If there is a  time misalignment for DL TX and UL RX at an IAB node, the new TA value at its child node should be 

where. The uplink-downlink timing relation with DL TX/UL RX misalignment follows Figure 3. 
TA Signalling Solutions with DL TX/UL RX Misalignment in an IAB Node
In current Release 15 specifications, for TA signalling, the value of  can be indicated from the base station to the UE using two MAC commands [3]: 
· TA command in MAC RAR during initial access; 
· TA command in MAC CE in connected node when TA adjustment is needed.  
For an IAB node with DL TX and UL RX misalignment, additional information needs to be provided to IAB child nodes regarding the adjusted UL timing. Two TA signaling solutions can be considered to indicate the misaligned DL TX and UL RX timing. 
· Solution 1: Indicate  for child IAB nodes and child UEs in current NR Rel-15 TA command; indicate  for child IAB nodes with new signalling. 
· Solution 2: Indicate  for child IAB nodes and child UEs in current NR Rel-15 TA command; indicate  for child IAB nodes with new signalling.   
In Solution 1,  values are indicated to child IAB nodes and child UEs respectively, the same way in current NR Rel-15 TA command of MAC RAR and MAC CE as if there is no DL TX timing and UL RX timing misalignment at an IAB node. New signalling needs to be added to indicate  to a child IAB node. With Solution 1, access UL RX timing will be aligned with DL TX timing in an IAB node; while child IAB UL RX timing will be aligned to the adjusted UL Rx timing. We show the results of Solution 1 for Case #1 in Figure 4. Note that Solution 1 does not have impact for Rel-15 UEs. 
The summary of Solution 1 is listed as below. 
· Additional signalling is needed for child IAB nodes;
· Child IAB nodes can use  in current NR Rel-15 TA command directly to set its own DL TX timing;
· Different UL RX timing for access UEs and child IAB nodes; 
· No impact on Rel-15 UEs. 
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Figure 4: Case #1 with Solution 1 for DL TX and UL RX misalignment
In Solution 2,  values are indicated to child IAB nodes and child UEs respectively, with current NR Rel-15 TA command of MAC RAR and MAC CE. Note that since  values can be negative (i.e., when DL TX/UL RX misalignment is larger than propagation delay in the child link), Rel-15 TA command of MAC RAR can be extended to signal negative TA value. 
Additional signalling is transmitted to indicate  to a child IAB node. Accordingly, a child IAB node can find out its  to properly set its own DL TX timing in order to be aligned with its parent DL TX timing. With Solution 2, all UL Rx timing (including access UL RX timing and all child IAB UL RX timing) will be aligned to the adjusted UL Rx timing. But all UL RX timing will not be aligned with DL TX timing in an IAB node. We show the results of Solution 2 for Case #1 in Figure 5. Since Solution 2 will introduce negative TA to child UEs, it will have specification impact for Rel-15 UEs. 
The summary for Solution 2 is listed as below. 
· Additional signalling is needed for child IAB nodes;
· Child IAB nodes can find out  with current NR Rel-15 TA command and the new TA signalling to set its own DL TX timing;
· Same UL RX timing for access UEs and child IAB nodes
· Specification impact for Rel-15 UEs due to possible negative  values.  
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Figure 5: Case #1 with Solution 2 for DL TX and UL RX misalignment
Proposal 2: Two TA signaling solutions can be considered for an IAB node with misaligned DL TX and UL RX timing. 
· Solution 1: Indicate  for child IAB nodes and child UEs in current NR Rel-15 TA command; indicate  for child IAB nodes with new signalling. 
· Solution 2: Indicate  for child IAB nodes and child UEs in current NR Rel-15 TA command; indicate  for child IAB nodes with new signalling.   
Methods to Avoid Negative TA in Signalling Solution 2
To avoid negative TA in signaling Solution 2, we can consider two methods. 
· Method 1: Apply additional UL TX timing adjustment to compensate the negative TA, which makes the RX timing at an IAB node symbol-level aligned instead of slot-level aligned. 
· Method 2: With current NR Rel-15 TA commands, use TA command in MAC RAR during initial access with a positive  value, then use TA command in MAC CE in connected node to further adjust to    
For Method 1, we can adjust UL TX timing in a child node one symbol ahead to compensate the calculated negative TA, which makes the RX timing at an IAB node symbol-level aligned instead of slot-level aligned. Let  be the additional UL TX timing adjustment/protection and, which can be an integer multiple of the symbol duration. Then the uplink frame number for transmission from a child node shall start 

before the start of the corresponding received downlink frame  at the child node. The uplink-downlink timing relation is updated in Figure 6. 
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Figure 6: Uplink-downlink Timing Relation with DLTX/UL RX misalignment
and additional UL TX timing adjustment 
The values of  (non-negative guaranteed) are indicated to child IAB nodes and child UEs respectively, with current NR Rel-15 TA command of MAC RAR and MAC CE. Drawbacks of such symbol-level alignment scheme are 1) higher overhead (longer GP need to be introduced at the DL/UL switch) and 2) complicates measurement and interference management due to slot misalignment.  





For Method 2, with current NR Rel-15 MAC CE TA command, the TA value can be adjusted in connected node whenever needed. In detail, it indicates an index value of. For subcarrier spacing of kHz, with a current value,, the new  value, , can be calculated as


Hence, Method 2 can use TA command in MAC RAR during initial access with a positive  value, then use TA command in MAC CE in connected node to further adjust to.
Proposal 3: To avoid negative TA in signaling Solution 2, two methods can be considered. 
· Method 1: Apply additional UL TX timing adjustment to compensate the negative TA, which makes the RX timing at an IAB node symbol-level aligned instead of slot-level aligned. 
· The uplink frame number for transmission from a child node shall start 

before the start of the corresponding received downlink frame  at the child node. 
· The uplink-downlink timing relation is updated in Figure 6.
· Method 2: With current NR Rel-15 TA commands, use TA command in MAC RAR during initial access with a positive  value, then use TA command in MAC CE in connected node to further adjust to    
Conclusion
In this contribution, we discussed timing and synchronization for NR IAB Case #1. It is summarized by the following observations and proposals. 
Proposal 1: If there is a  time misalignment for DL TX and UL RX at an IAB node, the new TA value at its child node should be 

where. The uplink-downlink timing relation with DL TX/UL RX misalignment follows Figure 3. 
Proposal 2: Two TA signaling solutions can be considered for an IAB node with misaligned DL TX and UL RX timing. 
· Solution 1: Indicate  for child IAB nodes and child UEs in current NR Rel-15 TA command; indicate  for child IAB nodes with new signalling. 
· Solution 2: Indicate  for child IAB nodes and child UEs in current NR Rel-15 TA command; indicate  for child IAB nodes with new signalling.   
Proposal 3: To avoid negative TA in signaling Solution 2, two methods can be considered. 
· Method 1: Apply additional UL TX timing adjustment to compensate the negative TA, which makes the RX timing at an IAB node symbol-level aligned instead of slot-level aligned. 
· The uplink frame number for transmission from a child node shall start 

before the start of the corresponding received downlink frame  at the child node. 
· The uplink-downlink timing relation is updated in Figure 6.
· Method 2: With current NR Rel-15 TA commands, use TA command in MAC RAR during initial access with a positive  value, then use TA command in MAC CE in connected node to further adjust to    
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