[bookmark: OLE_LINK9][bookmark: OLE_LINK10][bookmark: OLE_LINK11][bookmark: OLE_LINK36][bookmark: OLE_LINK37][bookmark: OLE_LINK40][bookmark: OLE_LINK41][bookmark: OLE_LINK42]3GPP TSG RAN WG1#102-e						R1-2005544
e-Meeting, August 17th – 28th, 2020

[bookmark: Source]Agenda Item:	8.10.2
Source: 	Fujitsu
Title:	Timing alignment for simultaneous operation of IAB node’s child and     
                          parent links
Document for:	Discussion/Decision
Introduction
Aiming to increase the frequency utilization efficiency of IAB, IAB enhancements in Rel-17 will support the following duplex enhancements according to the WID [1],
[bookmark: OLE_LINK12][bookmark: OLE_LINK13][bookmark: OLE_LINK14]Duplexing enhancements [RAN1-led, RAN2, RAN3, RAN4]:
· Specification of enhancements to the resource multiplexing between child and parent links of an IAB node, including:
· [bookmark: _Hlk26193173]Support of simultaneous operation (transmission and/or reception) of IAB-node’s child and parent links (i.e., MT Tx/DU Tx, MT Tx/DU Rx, MT Rx/DU Tx, MT Rx/DU Rx).
· Support for dual-connectivity scenarios defined by RAN2/RAN3 in the context of topology redundancy for improved robustness and load balancing.
· 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.
This contribution focuses on timing alignment for simultaneous operations of MT Tx/DU Tx and MT Rx/Du Rx.


[bookmark: _Ref228947482]Discussion 
[bookmark: OLE_LINK123][bookmark: OLE_LINK124][bookmark: OLE_LINK144]By achieving symbol-level alignment, simultaneous operations of MT Rx/DU Rx as well as simultaneous operations of MT Tx/DU Tx can be implemented with a single RF chain and a single baseband. Slot-level plus symbol-level timing alignment as shown in Fig.1 would further improve the efficiency of simultaneous operation. Each simultaneous operation of MT Rx/DU Rx and MT Tx/Du Tx has their respective restrictions to achieve timing alignment. We discuss them separately as below.
[image: ]
Fig. 1 Simultaneous operation of MT Rx/DU Rx and simultaneous operation of MT Tx/DU Tx

Simultaneous operation of MT Rx/ DU Rx
As described in the TR38.874 [2], alignment of DL transmission timing is a basic assumption for the IAB-nodes with overlapping coverages. Following this assumption, the UL reception timing at IAB-DU is behind the DL transmission timing after aligning the reception timing of parent DL at IAB-MT and that of child UL at IAB-DU. Existing TA command can be used to align the reception timing of child UL with that of parent DL in symbol-level.  But it is not enough for slot-level alignment because the 6-bit TA command which can be used for both positive advance and negative advance has a limited range compared with the positive advance after receiving the RAR. Basically, the 6-bit TA command is used for timing adjustment within the duration of CP length. In the other hand, the timing adjustment during initial access is based on 11-bit TA command in RAR and TA_offset. The 11-bit TA command in RAR indicates only positive timing advance and the default value for TA_offset is 13us for FR1 TDD band. 
A straightforward way to achieve slot-level plus symbol-level timing alignment is to signal a symbol level timing shift after aligning symbol timing by using the existing TA mechanism. The symbol level timing shift could be jointly signaled with the existing TA in the MAC CE. It could also be indicated by RRC signaling or a new field in UL grant. As a result, the final timing shift to be supported can be considered as an “effective” negative TA.  
Proposal 1: Consider an “effective” negative TA for supporting simultaneous operation of MT Rx/DU Rx in Rel-17.

Simultaneous operation of MT Tx/ DU Tx
In the TR38.874, Case#6 timing alignment targets for simultaneous operation of MT Tx/DU Tx. To achieve case#6 timing alignment at symbol-level and/or slot-level, the UL transmission timing of the parent BH needs to be aligned with the synchronized DL transmission timing among IAB nodes by stopping the existing TA mechanism. As a result of which the transmission timing of the parent UL is locked with the transmission timing of the child DL at IAB node,  the reception timing of the parent UL at the parent node may be different from those for UL access from the UEs and/or the parent UL from other IAB node. However, the parent node may not be always capable of processing multiple reception timing of UL. Thus, it is concluded in the TR38.874 that the use of this timing alignment should be under control of the parent node or network if supported. 
In addition to the issue of multiple reception timing of UL at the parent node, the interference from child DL to the parent UL BH and/or UL access also need to be further investigated. During the allocated period for simultaneous operation of MT Tx/DU Tx at an IAB node, the DL signal from the IAB node may also interfere the UL signals from the UE and/or other IAB nodes if the parent node receives those UL signals simultaneously. The flexibility of control on the simultaneous operation of MT Tx/DU Tx also relies on how the parent node can handle those interference. 
Proposal 2: Further investigate the required control of the parent or the network for supporting simultaneous operation of MT Tx/Du Tx.

Conclusions
[bookmark: _GoBack]In this contribution, we discussed timing alignment for simultaneous operation of MT Rx/DU Rx and simultaneous operation of MT Tx/DU Tx. The proposals are summarized as below,
Proposal 1: Consider effective negative TA for supporting simultaneous operation of MT Rx/DU Rx in Rel-17.
Proposal 2: Further investigate the required control of the parent or the network for supporting simultaneous operation of MT Tx/Du Tx.
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